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Dear conference guests, 

On behalf of the German Physical Society and also personally, I would like to welcome you to the virtual 
DPG-Frühjahrstagung (DPG Spring Meeting) of the Matter and Cosmos Section (SMuK) in Heidelberg.

I am very pleased that this Spring Meeting continues to take place despite the pandemic. Maintaining 
scientific exchange cannot be valued highly enough. Just as important in these times are the DPG confer-
ences once again as outstanding symbols of the importance of scientific thinking in our society: Natural 
science produces hypotheses that have to be verified experimentally – that is the core of basic research. 

I agree with Niels Bohr, who is said to have said: "Forecasts are difficult, especially when they concern the 
future.“ Nevertheless, I see physics and the DPG in particular as having a special responsibility to enter 
into a dialogue with politics on the basis of the findings from basic research in order to meet the major 
challenges facing society – and thus also to enable future generations to live well on this planet. For this 
dialogue, the solidarity of the scientific community with the colleagues who dare to go public and stead-
fastly represent their results is particularly crucial. 

I would like to express my sincere thanks to all those involved for the success of this Spring Meeting. First 
of all, I would like to thank the local conference management, Prof. Ulrich Uwer, Universität Heidelberg, 
Physikalisches Institut, for its support as well as the programme committee – consisting of the chairper-
sons of the divisions and working groups involved – for the outstanding programme of this conference. I 
would also like to thank the staff of the DPG Head Office for their support and supervision of all meetings.

I would also like to express my sincere thanks to the Wilhelm and Else Heraeus-Stiftung for again providing 
generous financial support to our young members. 

I wish you all an exciting conference and many new insights.

Dr. Lutz Schröter
President of the 
Deutsche Physikalische Gesellschaft e.V.
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Organisation
Organiser
Deutsche Physikalische Gesellschaft e. V.
Hauptstraße 5, 53604 Bad Honnef
Phone +49 (0) 2224 9232-0
Email  dpg@dpg-physik.de
Homepage www.dpg-physik.de

Local Organiser
Prof. Dr. Ulrich Uwer
Universität Heidelberg
Physikalisches Institut
Im Neuenheimer Feld 226, 69120 Heidelberg
Email  uwer@physi.uni-heidelberg.de

Scientific Organisation

Head of the Programme Committee
Prof. Dr. Karl-Henning Rehren
Institut für Theoretische Physik
Universität Göttingen
Friedrich-Hund-Platz 1, 37077 Göttingen
Email rehren@theorie.physik.uni-goettingen.de

Chairs of the participating Division of the
Matter and Cosmos Section (SMuK)

Extraterrestrial Physics Division (EP)
Prof. Dr. Miriam Sinnhuber
Karlsruher Institut für Technologie
Hermann-von-Helmholtz Platz 1, 76344 Eggenstein-Leopoldshafen
Email  miriam.sinnhuber@kit.edu

Gravitation and Relativity Division (GR)
Prof. Dr. Bernd Brügmann
Theoretisch-Physikalisches Institut
Universität Jena
Max-Wien-Platz 1, 07743 Jena
Email  bernd.bruegmann@uni-jena.de

Theoretical and Mathematical Physics Division (MP)
Prof. Dr. Johanna Erdmenger
Lehrstuhl für Theoretische Physik III
Am Hubland, 97074 Würzburg
Email: erdmenger@physik.uni-wuerzburg.de

Radiation and Medical Physics Division (ST)
Anna Bakenecker
Fraunhofer IMTE
Mönkhofer Weg 239a, 23562 Lübeck
Email  bakenecker@dpg-mail.de
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Particle Physics Division (T)
Prof. Dr. Kerstin Borras
Deutsches Elektronen-Synchrotron DESY
Notkestraße 85, 22607 Hamburg
Email  kerstin.borras@desy.de

Chairs of further participating Divisions
 

Physics Education (DD)
Prof. Dr. Susanne Heinicke
Institut für Didaktik der Physik
Westfälische Wilhelms-Universität
Wilhelm-Klemm-Str. 10, 48149 Münster
Email: susanne.heinicke@uni-muenster.de

History of Physics (GP)
PD Dr. Christian Forstner
FSU Jena – Ernst-Haeckel-Haus
AG Wissenschaftsgeschichte
Kahlaische Str. 1, 07745 Jena
Email: christian.forstner@uni-jena.de

Chairs of the participating Working Groups

Philosophy on Physics (AGPhil)
Prof. Dr. Dennis Lehmkuhl
Universität Bonn
Institut für Philosophie
Am Hof 1, 53113 Bonn
Email  dennis.lehmkuhl@uni-bonn.de

Physics, Modern IT and Artificial Intelligence (AKPIK)
Dr. rer. nat. Tim Ruhe
TU Dortmund
Experimentelle Physik 5
Otto-Hahn-Straße 4 a, 44227 Dortmund
Email: tim.ruhe@tu-dortmund.de

Symposia

SMuK Dissertation Prize 2022 (SYMD)
Organisation: Claus Lämmerzahl, ZARM Bremen

Awards Symposium (SYAW)
Organisation: Karl-Henning Rehren, Universität Göttingen

The Nature of Science (SYNS)
Organisation: Susanne Heinicke, Universität Münster

Programme
The scientific programme consists of 1.356 contributions: 

 9 Plenary Talks 1 Workshop
 1 Evening Talk 24 Group Reports
 3 Prize Talks 1150 Talks
 56 Invited Talks 88 Posters
 24 Topical Talks
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Information for Participants
The virtuell conference will be held in the period 21–25 March, 2022.

Conference Location
Web-based Conference – Login information will be provided a few days before the event starts.

Conference Time Zone
All times mentioned on the website and in the programme are in Central European Time (CET), UTC+1.

Conference Website
https://heidelberg22.dpg-tagungen.de/

Conference Office
The virtual conference office is situated on the conference platform and will be open daily from 08:30 – 
16:00 (Friday 08:30 – 12:00) for questions round the conference. You will find it on the conference plat-
form under the „Welcome“ tab immediately after signed up.

Technical Requirements
The MeetAnyway platform will be used for the conference. In order to participate in the conference, you 
need a MeetAnyway account with which you can register on the conference platform.

If you do not have a MeetAnyway account yet, please create one on meetanyway.com in good time before 
the start of the conference – using the email address you used for participant registration. To do this, click 
on „Create New Account“ and follow the instructions on the screen. During registration, you will receive a 
6-digit code by email from MeetAnyway to activate your account.

After creating the account, please add a profile picture and your affiliation to your personal profile.

To use all features of the conference platform, you need an up-to-date browser. Chrome is currently the 
most stable and reliable browser for using the conference platform. Firefox and Safari are browsers that 
should work but are often less performant. MeetAnyway support staff is highly trained in resolving Chrome 
issues. If you are using a different browser (e.g. Firefox, Safari or Edge), the support staff cannot provide 
in-depth troubleshooting support for you.

In case you have not received the activation code for your MeetAnyway account or you have technical 
difficulties on the meeting platform please contact the MeetAnyway support staff

• by email: support@meetanyway.com
• via the participant helpdesk: https://help.meetanyway.com or
• directly on the conference platform via the (?) symbol at the right top.

All lectures will be held and broadcast via Zoom video conferencing service. For the best experience we 
recommend that you download or update to the latest version of the Zoom client for meetings before the 
start of the conference. A Zoom account is not required to use the application. Alternatively, joining the 
Zoom Meetings is also possible via all common browsers (Chrome, Firefox, Safari and Edge).

A video chat room is linked to each poster, where you can discuss in small groups during the poster ses-
sions.

In addition, numerous video chat rooms are offered for exchange and networking. 

For video chats, permission to access your microphone and camera is required. Please note that firewalls 
of company or institute networks can limit the functionality.
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How to use the Conference Platform MeetAnyway
For using the platform, you will find detailed step-by-step instructions at heidelberg22.dpg-tagungen.de/
tagungsplattform.

Notice Board
All changes regarding the schedule of the conference will be updated currently. The information is identical 
to the programme updates of the scientific programme and available at the scientific programme in other 
formats as well (ordered by publication date, filterable by conference part and as an rss-feed). Please use 
the form at https://heidelberg22.dpg-tagungen.de/programm/notice-board-form to submit amendments, 
cancellations, etc.

Wilhelm and Else Heraeus Communication Programme
Within this programme, the active participation by young DPG members – from Germany and abroad – at 
the virtual DPG Meetings is financially supported.
For the virtual DPG-Meetings, the conference fee (exclusively the “early bird rate”) is subsidised at 100% 
(submission of an application was open until 17 February 2022. Subsequent applications are not possible). 
After the conference, your participation in the con ference will be checked on the basis of the login data 
and the funding will be finally confirmed or rejected if no participation took place. Payment will be made 
– after prior notification by email – by the end of April 2022 at the latest by bank transfer to the account 
you specified in your application.

The Deutsche Physikalische Gesellschaft thanks the Wilhelm and Else Heraeus-Stiftung for the generous 
financial support of young academic talents. We hope that young physicists will continue to seize the 
offered opportunity for active scientific communication at scientific conferences. A total of about 37,800 
young academics were supported by this programme so far.

Information for Speakers
All speakers are invited to use our offer for a test session one week before the conference starts. The 
necessary information for the test session about day, time and login information will be sent out by email 
to the speakers. We would like to ask you to consider the following points for your presentation:

• Please use the same equipment with which you successfully completed your technical check to avoid 
technical problems during your presentation.

• Please be in the Zoom session of the virtual room where you will give your presentation at least  10    
minutes before the session starts. Access – for session chairs, speakers and participants – to the indi-
vidual sessions is via the virtual rooms on the conference platform (via the „Join“ option). No separate 
login information will be sent to presenters.

• Please sign in at Zoom with your full name so that the technical support and the conference organisers 
can identify you as a speaker and give you the rights to share your screen, microphone and camera in 
Zoom.

• Please make sure that you respect your presentation time!

Information for Poster Presentations
A poster presentation can consist of up to six files – directly visible to the poster visitor – with the follo-
wing requirements:

• Poster file as PDF without format restriction up to a size of 10 MB
• Image file as PNG, JPG or GIF in 4:3 format (min.1600x1200) up to a size of 10 MB
• animated GIF file in 4:3 format (min.1600x1200) up to a size of 10 MB

The criteria are based on the technical requirements of the conference platform. Therefore, different file 
formats are not possible.

We recommend creating an image file as a preview image and creating the poster as a PDF file in classic 
portrait format (DIN A0). If only a poster file is created, this also functions as the preview image.

In addition, up to six further files (in all common formats) of 100 MB each can be attached as downloads 
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to the presentation. Upon receipt of the login data – a few days before the start of the conference – the 
upload of the created file(s) is possible for the authors. 

Once the uploads have been approved by the conference organisers, the posters will be available to all re-
gistered conference participants throughout the conference via the password-protected conference plat-
form.

Presenting authors are requested to be available to answer questions and discuss via group video chat 
during the entire poster session at their poster. 

Social Events
Opening
by the Local Organiser 
Prof. Dr. Ulrich Uwer, Universität Heidelberg
Monday, 21 March, 11:30, Audimax. All participants are kindly invited.

Virtual visits of Facilities of Particle and Astro-Particle Physics
Monday – Thursday, 18:30 – 19:30
Live visits of the LHC-experiments ATLAS, CMS und LHCb, of the Belle II detector, the KATRIN and XENON 
experiments, the SNOLAB underground facility as well as of the H.E.S.S. and the of IceCube observatories 
are planned.
The virtual visits will be broadcasted via Zoom and the detailed programme can be found at heidelberg22.
dpg-tagungen.de/veranstaltungen. The conference platform will take you directly to the corresponding 
Zoom rooms.

Particle Slam – The Science Slam for Particle Physics
Tuesday, 22 March 2022, 20:00 – 21:30, Raum PEL
Presentations on scientific topics are boring? Lay people cannot understand complex science anyway and 
they are also not interested in it? This may be a wide spread opinion – but that this is not always true is 
shown by Science Slams!

With the Particle Slam, we are inviting five early career researchers from particle physics and other neigh-
bouring disciplines to the stage. Each of them has ten minutes to present their research topic to a general 
audience – easy to understand, accessible as well as in an entertaining way. Whoever does this best is 
decided upon by the audience who selects a winner of the presentation competition.

And last but not least: the slam also is an open stage: those who are for example PhD students in (particle) 
physics and are interested in sharing their research topic with the public can join by contacting the mode-
rator via email: philipp@schroegel.de

Public Evening Lecture (in German language)
Wednesday, 23 March 2022, 20:00 – 21:00
Prof. Dr. Stephanie Hansmann-Menzemer, University of Heidelberg, is speaking about
“Kleine Teilchen – große Chancen: Mit Quantenkorrekturen auf der Suche nach neuen Physikphänomen”

The Public Evening Lecture is open to all conference participants and interested public.

Award Presentation of the SMuK Dissertation Prize
Four selected finalists will give their presentations at the SMuK Dissertation Prize 2022 symposium 
(SYMD). The Award Presentation will take place on Wednesday, 23 March at 14:00 in the Audimax.

Annual Meeting of Young Scientists in High Energy Physics (yHEP) in 2022
On Wednesday, 23 March 2022, 19:30 – 20:30, the annual 2022 meeting of young scientists in high ener-
gy physics (yHEP) will take place online. All doctoral candidates, post-docs and scientists on temporary 
contracts are cordially invited. 
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We will present our activities from the last year and would like to discuss plans for the coming year with 
you and hear your ideas and thoughts. Topics are current and future developments in high and low energy 
physics, i.e. particle, astroparticle, hadron and nuclear physics, as well as accelerator physics, including 
topics of the situation of early-career researchers, environmental sustainability, networking and shaping 
the future of our fields.

Please register to our mailing list which can be found from https://yhep.desy.de to receive details on the 
meeting.

Annual General Meetings of the DPG Divisions and Working Groups

Division / Working Group Date Time  Location
(DD) Physics Education Tuesday, 22 March 18:00 – 19:30 DD-MV
(EP)  Extraterrestrial Physics Thursday, 24 March 12:45 – 13:45 EP-MV
(GP) History of Physics Tuesday, 22 March 17:45 – 19:45 GP-MV
(GR) Gravitational and Relativity Thursday, 24 March 19:00 – 20:30 GR-MV
(MP) Theoretical and Mathematical 
 Physics Thursday, 24 March 19:30 – 20:30 MP-MV
(ST)  Radiation and Medical Physics Tuesday, 22 March 16:15 – 17:30 ST-MV
(T) Particle Physics Thursday, 24 March 19:30 – 21:00 T-MV

(AKPIK)  Physics, Modern IT and 
 Artificial Intelligence Wednesday, 23 March 19:00 – 21:00 AKPIK-MV
(AGPhil) Philosophy of Physics Wednesday, 23 March 18:30 – 19:30 AGPhil-MV

----
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Synopsis of the Daily Programme 

Monday, March 21, 2022

11:30 Audimax   Opening

Plenary Talk
11:40 Audimax PV I Making uncertainty certain?: Proton therapy, range and in-vivo verification.
   •Tony Lomax

SYMD
Invited Talks

14:00 Audimax SYMD 1.1 Timeless Quantum Mechanics and the Early Universe
   •Leonardo Chataigner
14:25 Audimax SYMD 1.2 First tritium β-decay spectrum recorded with Cyclotron Radiation Emission 

Spectroscopy (CRES)
   •Christine Claessens
14:50 Audimax SYMD 1.3 Watching the top quark mass run – for the first time!
   •Matteo M. Defranchis, Katerina Lipka, Sven-Olaf Moch
15:15 Audimax SYMD 1.4 Towards beam-quality-preserving plasma accelerators: On the precision 

tuning of the wakefield
   •Sarah Schröder

Session
14:00 Audimax SYMD 1 Symposium SMuK Dissertation Prize 2022

EP
Invited Talks

14:00 EP-H1 EP 1.1 Asteroseismology of red-giant stars
   •Saskia Hekker
16:45 EP-H1 EP 2.3 Cloudy with a hint of magnetic fields
   •Ludmila Carone

Sessions
14:00 EP-H1 EP 1 Astrophysics
16:15 EP-H1 EP 2 Astrophysics / Exoplanets and Astrobiology

GR
Sessions

09:00 GR-H2 GR 1 Black Holes
16:00 GR-H2 GR 2 Classical Theory
16:15 GR-H3 GR 3 Cosmology

MP
Invited Talks

09:30 MP-H5 MP 1.1 Long-range entanglement and the split property
   •Pieter Naaijkens, Yoshiko Ogata
10:00 MP-H5 MP 1.2 Symmetry-resolved quantum information measures for AdS gravity and 

beyond
   •René Meyer, Suting Zhao, Christian Northe, Konstantin Weisenberger
10:30 MP-H5 MP 1.3 Rapid thermalization of spin chain commuting Hamiltonians
   •Angela Capel
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Monday, March 21, 2022

MP
16:15 MP-H5 MP 2.1 The Page curve from quantum error correction
   •Daniel Harlow
16:45 MP-H5 MP 2.2 Classical black hole scattering from a worldline quantum field theory
   •Jan Plefka

Sessions
09:30 MP-H5 MP 1 Entanglement; Thermalization
16:15 MP-H5 MP 2 Gravity, Amplitudes, AdS/CFT

ST
Sessions

14:00 ST-H4 ST 1 Radiation therapy I
16:15 P ST 2 Poster Session

T
Invited Talks

09:30 T-H15 T 1.1 From scattering amplitudes to precision predictions for the LHC
   •Claude Duhr
10:00 T-H15 T 1.2 Tackling new physics at the fringe of precision: Standard Model physics at 

the LHC
   •Simone Amoroso
10:30 T-H15 T 1.3 Hunt for New Physics at the LHC
   •Swagata Mukherjee

Sessions
09:30 T-H15 T 1 Invited Talks 1
16:15 T-H15 T 2 QCD (Theorie) 1
16:15 T-H16 T 3 Flavour Physics 1
16:15 T-H17 T 4 Flavour Physics 2
16:15 T-H18 T 5 Electroweak Interactions (Exp.) 1
16:15 T-H19 T 6 Top Quarks: Production (Exp.) 1
16:15 T-H20 T 7 Top Quarks: Properties 1
16:15 T-H21 T 8 Higgs Boson: Decay in Fermions 1
16:15 T-H22 T 9 Search for Supersymmetry
16:15 T-H23 T 10 Search for New Particles -1
16:15 T-H24 T 11 Gaseous Detectors
16:15 T-H25 T 12 Pixel Detectors
16:15 T-H26 T 13 Semiconductor Detectors:Radiation Hardness, new Materials and Concepts
16:15 T-H27 T 14 DAQ and Trigger 1
16:15 T-H28 T 15 GRID Computing
16:15 T-H29 T 16 Experimental Methods (general) 1
16:15 T-H30 T 17 Gamma Astronomy 1
16:15 T-H31 T 18 Neutrino Astronomy 1
16:15 T-H32 T 19 Cosmic Ray 1
16:15 T-H33 T 20 Neutrino Physics without Accelerators 1
16:15 T-H34 T 21 Neutrino Physics without Accelerators 2
16:15 T-H35 T 22 Search for Dark Matter 1
16:15 T-H36 T 23 Experimental Techniques in Astroparticle Physics 1
16:15 T-H37 T 24 Outreach Methods
16:15 T-H38 T 25 Data Analysis, Information Technology and Artificial Intelligence
16:15 T-H39 T 26 Data Analysis, Information Technology and Artificial Intelligence
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Monday, March 21, 2022

DD
Invited Talk

09:00 DD-H8 DD 1.1 Von Naturphänomenen und solchen jenseits unserer Wahrnehmung
   •Michael Vollmer

Sessions
09:00 DD-H8 DD 1 Hauptvortrag 1
10:15 DD-H8 DD 2 Physikdidaktik und Inklusion
10:15 DD-H9 DD 3 Neue / digitale Medien – Konzeption
10:15 DD-H10 DD 4 Lehr-Lernforschung – Schülervorstellungen Science
10:15 DD-H11 DD 5 Hochschuldidaktik – Studieneingangsphase Fachwissen
10:15 DD-H12 DD 6 Quantenphysik - Experimente
11:30 P DD 7 Postersession 1: Anregungen aus dem Unterricht für den Unterricht
11:30 P DD 8 Postersession 1: Bildung für nachhaltige Entwicklung
11:30 P DD 9 Postersession 1: Geschichte der Physik / Nature of Science
11:30 P DD 10 Postersession 1: Lehr- und Lernforschung
11:30 P DD 11 Postersession 1: Lehreraus- und -weiterbildung
11:30 P DD 12 Postersession 1: Neue Konzepte
11:30 P DD 13 Postersession 1: Physikdidaktik und Inklusion
11:30 P DD 14 Postersession 1: Sprache und Physikunterricht
13:30 GP-H7 DD 15 Communicating Physics and its History
15:30 DD-H8 DD 16 Neue / digitale Medien – Schule
15:30 DD-H9 DD 17 Neue / digitale Medien – AR
15:30 DD-H10 DD 18 Lehr-Lernforschung – Schülervorstellungen fachbezogen
15:30 DD-H11 DD 19 neue Konzepte – Physikunterricht
15:30 DD-H12 DD 20 außerschulisches Lernen – Konzepte

GP
Invited Talks

13:30 GP-H7 GP 1.1 The development of The Lorentz Lab: bringing the scientific history of Tey-
lers Museum to life with working replicas

   •Trienke van der Spek
14:00 GP-H7 GP 1.2 Physics in Information Comics
   •Heike Elisabeth Juengst
14:30 GP-H7 GP 1.3 Jenseits gewohnter Pfade: Ausstellungen neu denken
   •Christian Sichau

Sessions
13:30 GP-H7 GP 1 Communicating Physics and its History
15:30 GP-H7 GP 2 History and Teaching
17:00 GP-H7 GP 3 Physics and Media
18:00 GP-MV GP 4 Meeting of Early Career Scholars

AKPIK
Session

16:15 AKPIK-H13 AKPIK 1 Data Integration & Processing

AGPhil
Invited Talk

16:15 AGPhil-H14 AGPhil 2.1 To G or not to G: J. H. Poynting and the gravitational constant in the 19th century
   •Isobel Falconer

Sessions
11:00 AGPhil-H14 AGPhil 1 Symmetry and Geometry
16:15 AGPhil-H14 AGPhil 2 History and Philosophy of Gravity
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Tuesday, March 22, 2022

Plenary Talks
09:00 Audimax PV II The LHC legacy and prospects
   •Markus Klute
09:45 Audimax PV III Particle theory in a data-driven era
   •Michael Krämer

SYNS
Invited Talks

14:00 Audimax SYNS 1.1 The Role of Nature of Science Education for Science Media Literacy
   •Dietmar Höttecke
14:30 Audimax SYNS 1.2 What kinds of identities are deemed in/our of place in physics?
   •Lucy Avraamidou
15:00 Audimax SYNS 1.3 Some thoughts on the status of theoretical physics
   •Daniel Harlow

Session
14:00 Audimax SYNS 1 The Nature of Science

EP
Invited Talks

11:00 EP-H1 EP 3.1 A new era of Venus exploration - seen Venus in a new light
   •Jörn Helbert, Melinda Darby Dyar, Giulia Alemanno, Alessandro Maturilli, 

Nils Müller, Doris Breuer, VEM on VERTIAS team, VenSpec on Envision team
14:00 EP-H1 EP 4.1 Exploration of the Jupiter system with a small submillimetre wave telescope 

onboard the JUICE satellite
   •Paul Hartogh
16:15 EP-H1 EP 5.1 Investigating Earth's atmosphere and ionosphere from space:  How GNSS 

radio occultation measurements contribute to monitor the atmosphere in a 
high spatial resolution

   •Christina Arras, Ankur Kepkar, Jens Wickert
17:30 EP-H1 EP 5.5 Solar extreme events and their impact on the middle atmosphere
   •Thomas Reddmann, Monali Borthakur, Miriam Sinnhuber, Ilya Usoskin, Jan-

Maik Wissing

Sessions
11:00 EP-H1 EP 3 Planets and Small bodies
14:00 EP-H1 EP 4 Planets and Small bodies
16:15 EP-H1 EP 5 Near Earth Space

GR
Invited Talks

11:00 GR-H2 GR 4.1 Pseudospectrum and black hole quasi-normal mode (in)stability
   •Rodrigo Panosso Macedo
11:45 GR-H2 GR 4.2 Observable Signatures of Quantized Gravity in Quantum Optical Experiments
   •Dennis Rätzel

Sessions
11:00 GR-H2 GR 4 General Relativity
16:15 GR-H2 GR 5 Gravitational Waves
16:15 GR-H3 GR 6 Cosmology
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Tuesday, March 22, 2022

MP
Invited Talks

11:00 MP-H5 MP 3.1 Dualities and categorical symmetries in quantum spin chains
   •Frank Verstraete
11:30 MP-H5 MP 3.2 Functional Integral and Stochastic Representations for Bosonic Ensembles
   •Manfred Salmhofer
12:00 MP-H5 MP 3.3 Color-Flavor Transformation Revisited
   •Martin Zirnbauer

Sessions
11:00 MP-H5 MP 3 Quantum dynamics
16:15 MP-H5 MP 4 Quantum field theory, AdS/CFT, non-equilibrium and quantum dynamics

ST
Invited Talk

14:00 ST-H4 ST 4.1 Present status and future challenges of magnetic resonance-guided radio-
therapy

   •Christian P. Karger

Sessions
11:00 ST-H4 ST 3 Artificial Intelligence in Medicine
14:00 ST-H4 ST 4 Radiation monitoring and dosimetry I
16:15 ST-MV ST 5 Annual General Meeting

T
Invited Talks, Invited Topical Talks

11:00 T-H15 T 27.1 First Results From the Next Generation B-Factory Experiment Belle II
   •Thomas Kuhr
11:30 T-H15 T 27.2 Flavour Anomalies
   •Christoph Langenbruch
12:00 T-H15 T 27.3 The top quark is still going strong (and electroweak)
   •Andrea Knue
14:00 T-H15 T 28.1 Hadronic Jets: Accuracy and Precision of their Reconstruction and Calibrati-

on in ATLAS
   •Christopher Young
14:25 T-H15 T 28.2 Direct searches testing BSM explanations of the flavor anomalies
   •Arne Christoph Reimers
14:50 T-H15 T 28.3 ATLAS probes QCD measuring photons
   •Heberth Torres
15:15 T-H15 T 28.4 The upgrade of the ATLAS trigger to augment the physics reach of Run-3
   •Daniele Zanzi
14:00 T-H16 T 29.1 Testing the Standard Model through Gauge-boson Self-interactions
   •Philip Sommer
14:25 T-H16 T 29.2 Axions and similar particles – how to cover 1017 orders of magnitude in 

mass
   •Kristof Schmieden
14:50 T-H16 T 29.3 From GERDA to LEGEND – Hunting no neutrinos
   •Christoph Wiesinger
15:15 T-H16 T 29.4 Mapping Highly-Energetic Messengers throughout the Universe
   •Sara Buson

Sessions
11:00 T-H15 T 27 Invited Talks 2
14:00 T-H15 T 28 Invited Topical Talks 1
14:00 T-H16 T 29 Invited Topical Talks 2
16:15 T-H15 T 30 Flavour Physics 3
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Tuesday, March 22, 2022

T
16:15 T-H16 T 31 Beyond the Standard Model (Theory) 1
16:15 T-H17 T 32 QCD (Exp.) 1
16:15 T-H18 T 33 Top Quarks: Production (Exp.) 2
16:15 T-H19 T 34 Top Quarks: Properties -2
16:15 T-H20 T 35 Higgs Boson: Associated Production 1
16:15 T-H21 T 36 Higgs Boson: Extended Models 1
16:15 T-H22 T 37 Search for New Particles 2
16:15 T-H23 T 38 Search for New Particles 3
16:15 T-H24 T 39 Gaseous Detectors 2
16:15 T-H25 T 40 Pixel Detectors 2
16:15 T-H26 T 41 Calorimeters 1
16:15 T-H27 T 42 Detector Systems 1
16:15 T-H28 T 43 DAQ and Trigger 2
16:15 T-H29 T 44 Experimental Methods (general) 2
16:15 T-H30 T 45 Gamma Astronomy 2
16:15 T-H31 T 46 Neutrino Astronomy 2
16:15 T-H32 T 47 Cosmic Ray 2
16:15 T-H33 T 48 Neutrino Physics without Accelerators 3
16:15 T-H34 T 49 Neutrino Physics without Accelerators 4
16:15 T-H35 T 50 Search for Dark Matter 2
16:15 T-H36 T 51 Experimental Techniques in Astroparticle Physics 2
16:15 T-H37 T 52 Outreach Methods 2
16:15 T-H38 T 53 Data Analysis, Information Technology and Artificial Intelligence 3

DD
Invited Talk

11:00 DD-H8 DD 21.1 Warum Lehrbuchdarstellungen der Physikgeschichte so schlecht sind – und 
was wir daraus lernen können

   •Oliver Passon

Sessions
11:00 DD-H8 DD 21 Hauptvortrag 2
12:00 DD-H8 DD 22 Lehreraus- und Lehrerfortbildung – neue Ansätze
12:00 DD-H9 DD 23 Neue / digitale Medien -VR
12:00 DD-H10 DD 24 Physikdidaktik und Inklusion – Experimentieren
12:00 DD-H11 DD 25 Hochschuldidaktik – Studieneingangsphase Studierendenperspektive
12:00 DD-H12 DD 26 Quantenphysik – Konzepte
16:15 DD-H8 DD 27 außerschulisches Lernen – Metaperspektive
16:15 DD-H9 DD 28 Geschichte der Physik und NoS
16:15 DD-H10 DD 29 Lehr-Lernforschung – Lernermerkmale
16:15 DD-H11 DD 30 Lehreraus- und Lehrerfortbildung – neue Ansätze
16:15 DD-H12 DD 31 Praktika und neue Praktikumsversuche
17:00 P DD 32 Postersession 2: Astronomie
17:00 P DD 33 Postersession 2: Außerschulisches Lernen
17:00 P DD 34 Postersession 2: Hochschuldidaktik
17:00 P DD 35 Postersession 2: Neue / digitale Medien
17:00 P DD 36 Postersession 2: Praktika und neue Praktikumsversuche
17:00 P DD 37 Postersession 2: Präsentation von Experimenten
17:00 P DD 38 Postersession 2: Quantenphysik
17:00 P DD 39 Postersession 2: Sonstige
18:00 DD-MV DD 40 Mitgliederversammlung des Fachverbands Didaktik der Physik

GP
Sessions

10:30 GP-H7 GP 5 Physics and the Museum
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GP
16:15 GP-H7 GP 6 Physicists as Popularisators
17:45 GP-MV GP 7 Annual General Meeting of the History of Physics Division

AGPhil
Invited Talks

14:00 AGPhil-H14 AGPhil 4.1 Hypothetical Waveforms and Unmodeled or Pipeline Searches in Gravitatio-
nal Wave Astronomy

   •Lydia Patton
16:15 AGPhil-H14 AGPhil 5.1 Portrait of a Black Hole: Objectivity and the Imaging of M87* by the Event 

Horizon Telescope
   •Peter Galison
17:00 AGPhil-H14 AGPhil 5.2 When is a black hole spacetime „as large as it can be?“
   •Juliusz Doboszewski

Sessions
11:30 AGPhil-H14 AGPhil 3 Black Holes I
14:00 AGPhil-H14 AGPhil 4 Gravitational and Electromagnetic Waves
16:15 AGPhil-H14 AGPhil 5 Black Holes II
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Plenary Talks
09:00 Audimax PV IV Teaching with Objects and Teaching with Video: The Challenges of Informal 

Education in Physics
   •Allison Marsh
09:45 Audimax PV V Quantum gravity, chaos, statistical physics and wormholes
   •Jan de Boer

SYAW
14:00  Audimax   Award Presentation of the Dissertation Prize 2022  

of the SMuK Section

Prize Talks
14:10  Audimax SYAW 1.1 Wie überprüft man die Ziele der Lehramtsausbildung Physik?
   •Horst Schecker (Laureate of the Georg-Kerschensteiner-Prize 2022)
14:40 Audimax SYAW 1.2 Astronomy at Highest Angular Resolution – Adaptive Optics, Interferometry 

and Black Holes
   •Frank Eisenhauer (Laureate of the Stern Gerlach Medal 2022)
15:10 Audimax SYAW 1.3 Turbulence in one dimension
   •Alexander M. Polyakov (Laureate of the Max Planck Medal 2021)

Session
14:00 Audimax SYAW 1 Awards Symposium

EP
Invited Talk

11:00 EP-H1 EP 6.1 Three-dimensional topology-driven magnetic reconnection
   •Raquel Mäusle, Jean-Mathieu Teissier, Wolf-Christian Müller

Sessions
11:00 EP-H1 EP 6 Astrophysics
16:15 EP-H1 EP 7 Astrophysics

GR
Invited Talk

11:00 GR-H2 GR 7.1 Numerical Relativity and Gravitational Wave Observations
   •Harald Pfeiffer

Sessions
11:00 GR-H2 GR 7 General Relativity
11:45 GR-H2 GR 8 Gravitational Waves
16:15 GR-H2 GR 9 Gravitational Waves
16:15 GR-H3 GR 10 Foundations and Alternatives

MP
Invited Talks

11:00 MP-H5 MP 5.1 Falling through masses in superposition: quantum reference frames for inde-
finite metrics

   Anne-Catherine de la Hamette, Viktoria Kabel, Esteban Castro-Ruiz, •Caslav Brukner
16:15 MP-H5 MP 6.1 State sum models with defects
   •Catherine Meusburger

Sessions
11:00 MP-H5 MP 5 Quantum information
16:15 MP-H5 MP 6 Mathematical physics
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MP
16:45 MP-H5 MP 7 Quantum field theory
17:25 MP-H6 MP 8 Alternative approaches

ST
Sessions

11:00 ST-H4 ST 6 Detectors and Applications I
16:15 ST-H4 ST 7 Radiation monitoring and dosimetry II

T
Invited Topical Talks

11:00 T-H15 T 54.1 Hunting XYZ Beasts at Belle and Belle II
   •Elisabetta Prencipe
11:25 T-H15 T 54.2 Precision tests of the Standard Model using CP violation in B meson decays
   •Thibaud Humair
11:50 T-H15 T 54.3 Back to the top: charting the bounds of the standard model
   •Afiq Anuar
12:15 T-H15 T 54.4 Dark matter from spin-2 mediators
   •Stefan Vogl
11:00 T-H16 T 55.1 Machine Learning for LHC Theory
   •Anja Butter
11:25 T-H16 T 55.2 Towards high-precision deep learning for astroparticle physics
   •Christoph Weniger
11:50 T-H16 T 55.3 The quest for the mechanism behind the matter-antimatter asymmetry
   •Julia Harz
12:15 T-H16 T 55.4 Towards the lightest dark matter in direct searches
   •Belina von Krosigk

Sessions
11:00 T-H15 T 54 Invited Topical Talks 3
11:00 T-H16 T 55 Invited Topical Talks 4
16:15 T-H15 T 56 Flavour Physics 4
16:15 T-H16 T 57 Flavour Physics 5
16:15 T-H17 T 58 QCD (Exp.) 2
16:15 T-H18 T 59 Neutrino Physics with Accelerators 1
16:15 T-H19 T 60 Top Quarks: Decay and CP Violation and Mixing Angles
16:15 T-H20 T 61 Higgs Boson: Decay in Bosons
16:15 T-H21 T 62 Higgs Boson: Extended Models 2
16:15 T-H22 T 63 Search for New Particles 4
16:15 T-H23 T 64 Search for New Particles 5
16:15 T-H24 T 65 Silicon Strip Detectors
16:15 T-H25 T 66 Semiconductor Detectors: Radiation Hardness, new Materials and Concepts 2
16:15 T-H26 T 67 Myon Detectors
16:15 T-H27 T 68 Detector Systems 2
16:15 T-H28 T 69 DAQ and Trigger 3
16:15 T-H29 T 70 Experimental Methods (general) 3
16:15 T-H30 T 71 Neutrino Astronomy 3
16:15 T-H31 T 72 Cosmic Ray 3
16:15 T-H32 T 73 Cosmic Ray 4
16:15 T-H33 T 74 Neutrino Physics without Accelerators 5
16:15 T-H34 T 75 Neutrino Physics without Accelerators 6
16:15 T-H35 T 76 Search for Dark Matter 3
16:15 T-H36 T 77 Search for Dark Matter 4
16:15 T-H37 T 78 Experimental Techniques in Astroparticle Physics 3
16:15 T-H38 T 79 Data Analysis, Information Technology and Artificial Intelligence 4
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DD
Sessions

10:45 DD-H8 DD 41 Neue / digitale Medien – Experimente
10:45 DD-H9 DD 42 Lehr- und Lernforschung – Repräsentatonsformen
10:45 DD-H10 DD 43 BNE – Lernendenperspektive
10:45 DD-H11 DD 44 Hochschuldidakitk – neue Konzepte
10:45 DD-H12 DD 45 Astronomie
12:00 DD-H8 DD 46 BNE – Konzepte
12:00 DD-H9 DD 47 Lehreraus- und -weiterbildung – Lehrkonzepte
12:00 DD-H10 DD 48 Lehr- und Lernforschung – Methodik
12:00 DD-H11 DD 49 Lehreraus- und -weiterbildung – digitale Medien
12:00 DD-H12 DD 50 Praktika und neue Praktikumsversuche
16:00 DD-H8 DD 51 Workshop: Konsequenzen aus drei Jahren Studienreformforschung

GP
Sessions

10:30 GP-H7 GP 8 Physics and Instruments
15:40 GP-H7 GP 9 History of Physics
18:00 GP-H7 GP 10 Physics and Culture

AKPIK
Sessions

16:15 AKPIK-H13 AKPIK 2 Data Analytics & Machine Learning
19:00 AKPIK-MV AKPIK 3 Annual General Meeting of the Working Group on Physics, Modern IT and 
   Artificial Intelligence

AGPhil
Invited Talks

14:00 AGPhil-H14 AGPhil 6.1 Spacetime Conventionalism Revised: Tidal Forces and Weyl Curvature
   •Karim Thébault, Ufuk Tasdan
16:15 AGPhil-H14 AGPhil 7.1 On an inferential role of spacetime in particle physics
   •Tushar Menon

Sessions
14:00 AGPhil-H14 AGPhil 6 Foundations of Gravity
16:15 AGPhil-H14 AGPhil 7 Symmetries and Principles
18:30 AGPhil-MV AGPhil 8 Annual General Meeting of the Working Group on Philosophy of Physics

   Public Evening Lecture (free entrance)
20:00 PEL PV VI Kleine Teilchen – große Chancen: Mit Quantenkorrekturen auf der Suche 

nach neuen Physikphänomen
   •Stephanie Hansmann-Menzemer

19
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Plenary Talks
09:00 Audimax PV VII New perspectives onto the Universe in the era of multi-messenger astrophysics
   •Samaya Nissanke
09:45 Audimax PV VIII The Sun as a source of high-energy particles
   •Rami Vainio

EP
Sessions

11:00 T-H15 EP 8 Astroparticles: Invited talks
12:45 EP-MV EP 9 Annual General Meeting of the Extraterrestrial Physics Division
14:00 T-H15 EP 10 Astroparticles: Invited topical talks
16:15 EP-H1 EP 11 Astroparticles: From the source to the detector

GR
Sessions

11:00 GR-H2 GR 11 Relativistic Astrophysics
11:00 MP-H5 GR 12 Quantum gravity
14:00 GR-H2 GR 13 Numerical Relativity
16:15 GR-H2 GR 14 Gravitational Wave Detectors
19:00 GR-MV GR 15 Annual General Meeting of the History of Physics Division

MP
Invited Talks

11:00 MP-H5 MP 9.1 Reduced phase space quantisation in Loop quantum gravity and loop quan-
tum cosmology

   •Kristina Giesel, Bao-Fei Li, Parampreet Singh
11:30 MP-H5 MP 9.2 Quantum fields propagating on curved backgrounds and their influence on 

spacetime curvature
   •Nicola Pinamonti

Sessions
11:00 MP-H5 MP 9 Quantum gravity
16:15 MP-H5 MP 10 Classical and quantum gravity
16:35 MP-H6 MP 11 Thermodynamics and fundamental aspects of field theory
17:15 MP-H5 MP 12 Quantum field theory for particle physics and plasmas
19:30 MP-MV MP 13 Annual General Meeting of the Theoretical and Mathematical Physics Division

ST
Invited Talk

16:15 ST-H4 ST 10.1 Artificial intelligence in PET image reconstruction and quantitative analysis
   •Zhaoheng Xie

Sessions
11:00 ST-H4 ST 8 Radiation therapy II
14:00 ST-H4 ST 9 Detectors and Applications II
16:15 ST-H4 ST 10 Total-Body PET
16:55 ST-H4 ST 11 Prize Ceremony and Closing Session

T
Invited Talks, Invited Topical Talks

11:00 T-H15 T 80.1 Borexino looks in the direction of solar neutrinos
   •Livia Ludhova
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T
11:30 T-H15 T 80.2 Gravitational waves – a new probe of the early Universe
   •Valerie Domcke
12:00 T-H15 T 80.3 Gravitational wave detectors – current and future challenges
   •Michèle Heurs
14:00 T-H15 T 81.1 LND – A ("Made in Germany") Radiation Monitor Operating at the far Side of 

the Moon
   •Sönke Burmeister, Shenyi Zhang, Jia Yu, Zigong Xu, Stephan Böttcher, Ro-

bert Wimmer-Schweingruber
14:25 T-H15 T 81.2 Energetic Pulsar Environments and the Origins of Galactic Cosmic Rays
   •Alison Mitchell
14:50 T-H15 T 81.3 Looking forward to exciting physics with FASER
   •Felix Kling
15:15 T-H15 T 81.4 Astroparticle physics at the LHC: Exploring the forward region with 

cross-section measurements
   •Hans Dembinski
14:00 T-H16 T 82.1 Searches for new scalar particles at the LHC
   •Dominik Duda
14:25 T-H16 T 82.2 Novel approaches to search for new physics in rare charm decays
   •Dominik Stefan Mitzel
14:50 T-H16 T 82.3 Constraining the Higgs-charm Yukawa coupling with the CMS experiment
   •Luca Mastrolorenzo
15:15 T-H16 T 82.4 Characterization of $H$ boson events in the $\tau\tau$ decay channel with 

the full CMS Run-2 data set
   •Sebastian Wozniewski

Sessions
11:00 T-H15 T 80 Invited Talks 3
14:00 T-H15 T 81 Invited Topical Talks 5
14:00 T-H16 T 82 Invited Topical Talks 6
16:15 EP-H1 T 83 Astroteilchen: Von der Quelle zum Detektor (contributed talks)
16:15 T-H15 T 84 Flavour Physics
16:15 T-H16 T 85 Beyond the Standard Model (Theory) 2 and QFT and Lattice Gauge Theory 1
16:15 T-H17 T 86 Neutrino Physics (Theory) 1 and Theoretical Astroparticle Physics and Cos-

mology 1
16:15 T-H18 T 87 Electroweak Interactions (Exp.) 2
16:15 T-H19 T 88 Top Quarks: Production (Exp.) 3
16:15 T-H20 T 89 Higgs Boson: Decay in Fermions 2
16:15 T-H21 T 90 Higgs Boson: Associated Production 2
16:15 T-H22 T 91 Higgs Boson: Rare Decays
16:15 T-H23 T 92 Higgs Boson: Extended Models 3
16:15 T-H24 T 93 Search for New Particles 6
16:15 T-H25 T 94 Silicon Strip Detectors 2
16:15 T-H26 T 95 Pixel Detectors 3
16:15 T-H27 T 96 Detector Systems 3
16:15 T-H28 T 97 Electronics 1
16:15 T-H29 T 98 Experimental Methods (general) 4
16:15 T-H30 T 99 Neutrino Astronomy 4
16:15 T-H32 T 100 Cosmic Ray 5
16:15 T-H33 T 101 Cosmic Ray 6
16:15 T-H34 T 102 Neutrino Physics without Accelerators 7
16:15 T-H35 T 103 Neutrino Physics without Accelerators 8
16:15 T-H36 T 104 Search for Dark Matter 5
16:15 T-H37 T 105 Search for Dark Matter 6
16:15 T-H38 T 106 Experimental Techniques in Astroparticle Physics 4
16:15 T-H39 T 107 Data Analysis, Information Technology and Artificial Intelligence 5
19:30 T-MV T 108 Annual General Meeting of the Particle Physics Division (for DPG members)
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AKPIK
Session

16:15 AKPIK-H13 AKPIK 4 Deep Learning

AGPhil
Sessions

11:00 AGPhil-H14 AGPhil 9 Quantum Mechanics I
14:00 AGPhil-H14 AGPhil 10 Quantum Mechanics II
16:15 AGPhil-H14 AGPhil 11 Time and Temperature

Friday, March 25, 2022

Plenary Talks
09:00 Audimax PV IX Shedding light on the axion: one particle solving two problems
   •Friederike Januschek
09:45 Audimax PV X Quantum Computing: a future path for High Energy Physics
   •Karl Jansen

EP
Invited Talks

11:00 EP-H1 EP 12.1 Linking Solar Eruptions and Energetic Particles through Observations and 
Modeling

   •Frederic Effenberger
12:00 EP-H1 EP 12.4 Solar Orbiter: two years of operations and first results
   •Frederic Schuller, Alexander Warmuth, Gottfried Mann

Session
11:00 EP-H1 EP 12 Sun and Heliosphere

T
Invited Talks

11:00 T-H15 T 109.1 Ten years of Higgs boson measurements: what we know and what we don't 
know

   •Christian Grefe
11:30 T-H15 T 109.2 Future of Silicon Tracking Detectors: LHC Upgrades and Beyond
   •Georg Steinbrück
12:00 T-H15 T 109.3 The dawn of high energy neutrino astronomy
   •Elisa Resconi

Session
11:00 T-H15 T 109 Invited Talks 4

AGPhil
Session

11:00 AGPhil-H14 AGPhil 12 Processes, Events and Time
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Plenary talks (PV)

Plenary and Evening Talks

Plenary Talk PV I Mon 11:40 Audimax
Making uncertainty certain?: Proton therapy, range and in-vivo veri�ca-
tion. — ∙Tony Lomax—WPTA/140 Forschungsstrasse 111 5232 Villigen PSI
Schweiz
Proton therapy (RT) is an increasingly important weapon against cancer. By con-

trolling proton energy, and thus proton range, the dose can be concentrated in tu-

mour more e�ectively than with conventional radiotherapy with photons. How-

ever, although proton ranges in water can be determined with sub-millimeter

precision, the story in the patient can be quite di�erent due to uncertainties in

CT data of the patient, positioning inaccuracies and anatomical changes of the

patient during the treatment course. As such, in vivo range uncertainty is one

of the major challenges for proton therapy. Consequently, methods such as pro-

ton CT/probes, PET activation and prompt gamma imaging are being proposed

and developed for direct and in vivo imaging of proton range.�is presentation

will review and compare each of these, both from their technical practicality and

potential clinical impact.

Plenary Talk PV II Tue 9:00 Audimax
�e LHC legacy and prospects— ∙Markus Klute—KIT

�e Large Hadron Collider (LHC) at CERN has had two successful and highly

productive runs (2009-2013 and 2015-2018), colliding protons and heavy ions

with center-of-mass energies of up to 13 TeV and collecting an unprecedented

amount of data. Its highlight, the Higgs Boson discovery in 2012, completed the

Standard Model of fundamental particle interactions. While the impact of the

collected data has been tremendous, many open questions in the world of ele-

mentary particle physics remain. At the dawn of the LHC Run 3 (2022-2025),

the experiments have an extensive program exploring the uncharted territory at

the energy frontier. I will review the main conclusions from the LHC to date and

present the prospects of the LHC program in Run 3 and beyond.

Plenary Talk PV III Tue 9:45 Audimax
Particle theory in a data-driven era— ∙Michael Krämer— RWTH Aachen

University

�eory has played a crucial role in developing the Standard Model (SM) and in

formulating the questions that point to physics beyond the SM, such as the ori-

gin of electroweak symmetry breaking or the particle nature of dark matter. In

the �rst phase of the LHC many searches for physics beyond the SM have been

driven by speci�c new physics models that would address some of the shortcom-

ings of the SM. However, since no conclusive evidence for new physics has been

established so far, more model-independent approaches such as e�ective �eld

theories, or the search for anomalies by machine learning methods, are being

pursued. I will try to clarify the role of theory for the discovery of physics be-

yond the SM in this data-driven era of LHC physics, and highlight the challenges

and opportunities for the next decade.

Plenary Talk PV IV Wed 9:00 Audimax
Teaching with Objects and Teaching with Video:�e Challenges of Informal
Education in Physics— ∙AllisonMarsh—University of South Carolina

Books and lectures are popular ways to impart information, but what about ob-

jects and videos? In this talk I will focus on these two approaches to teaching.

�e �rst will focus on material culture – the objects and artifacts that re�ect

human progress. I will draw on my experience over the last four years writing

a monthly column for the magazine Spectrum, the �agship publication of the

IEEE. Each article focus on a museum object from the history of computer sci-

ence or electrical engineering, broadly de�ned.

�e second part of the talk will draw frommy experience as the consultant for

Crash Course History of Science, an extremely popular series of 46 short (10-12

minute), fast paced videos with goofy animation. I will talk about the collabo-

rative process of deciding what information makes the cut and how that a�ects

the overall content.

I will end with a re�ection on audience and how these formats can draw in

new people to the subjects, but also the drawbacks of the formats.

Plenary Talk PV V Wed 9:45 Audimax
Quantum gravity, chaos, statistical physics and wormholes— ∙Jan de Boer

—University of Amsterdam

�e information paradox for black holes has been an important source of inspi-

ration for research in quantum gravity, as the paradox implies that low-energy

e�ective �eld theories that include gravity must break down in an interesting

and unexpected way. Recent work has managed to clarify the physics behind

the paradox considerably and uncovered fascinating relations between gravity

and wormholes on the one hand and chaos, quantum information and statistical

physics on the other hand. One lesson seems to be that low-energy observers

in gravitational theories do in fact have some access to high-energy informa-

tion, but only to statistical and not to microscopic information. In this picture

wormhole solutions are a direct manifestation of this statistical high-energy in-

formation.

In this talk I will try to give an informal summary of some of these develop-

ments, trying to emphasize the general lessons rather than the technical details.

Evening Talk PV VI Wed 20:00 PEL
Kleine Teilchen – große Chancen: Mit Quantenkorrekturen auf der Suche
nach neuen Physikphänomen— ∙StephanieHansmann-Menzemer—Uni-

versität Heidelberg

Die Frage was die Welt im Innersten zusammenhält treibt Teilchenphysi-

ker*innen weltweit an. Was sind die kleinsten Bausteine des Universums? Wie

wechselwirken sie miteinander?Woraus besteht dunkleMaterie und warum gibt

es in unserem Universum mehr Materie als Antimaterie?

Am Large Hadronen Collider an der internationalen Forschungseinrichtung

CERN in der Nähe vonGenf werden Protonen bei höchsten Energien 40.000.000

mal pro Sekunde aufeinandergeschossen. Die Zerfallsprodukte der Kollisionen

werden in riesigen Teilchendetektoren vermessen, die größer sind als ein Mehr-

familienhaus. Wie Detektive analysieren die Wissenscha�ler*innen die Zerfalls-

produkte um so zu rekonstruieren was genau bei demZusammenstoß der Proto-

nen passierte. Im Rahmen der Heisenbergschen Unschärferelation kann für eine

kurze Zeit die Energieerhaltung in Quantenkorrekturen verletzt werden und so

können auch sehr schwere Teilchen kurzfristig produziert werden. Deshalb ist

die Studie von Quantenkorrekturen induzierten Prozessen ein vielversprechen-

des Werkzeug für die Suche nach neuen Teilchen und neuen Physikphänome-

nen.

Der Vortrag führt in die Teilchenphysik am Large Hadron Collider ein und

stellt ausgewählte aktuelle Ergebnisse zur Suche nach neuen Physikphänomenen

in Quantenkorrekturen vor.

Plenary Talk PV VII �u 9:00 Audimax
New perspectives onto the Universe in the era of multi-messenger astro-
physics — ∙Samaya Nissanke — GRAPPA, University of Amsterdam, �e

Netherlands — Nikhef,�e Netherlands

Since the revolutionary discovery of gravitational wave (GW) emission from

a binary black hole merger in 2015, the exquisite GW detectors LIGO, Virgo

and KAGRA have detected more than 90 compact object mergers. Most no-

tably, one of these mergers corresponds to the �rst binary neutron star merger,

dubbed GW170817.�is event has been transformative because it was observed

in both gravitational and electromagnetic radiation, thus opening up a new era

in multimessenger astrophysics. �e multi-messenger characterisation of such

an event has enabled major advances into diverse �elds of modern physics from

gravity, high-energy and extragalactic astrophysics, nuclear physics, to cosmol-

ogy. In this talk, I will discuss work in strong-�eld gravity astrophysics and how

combining observations, theory and experiment is key to make progress in this

�eld. I will present the opportunities and challenges that have emerged in multi-

messenger astrophysics, and what the future holds in this new era.

Plenary Talk PV VIII �u 9:45 Audimax
�e Sun as a source of high-energy particles— ∙Rami Vainio—Department
of Physics and Astronomy, University of Turku, Turku, Finland

Particle acceleration at the Sun occurs in Solar Energetic Particle (SEP) events

related to solar eruptions: solar �ares and coronal mass ejections. Composition,

timing and duration as well as other observational properties of SEP events can

be used to assess the mechanisms of particle acceleration at play in these events.

However, one particular complication in these analyses has been the relatively

large distance of our observers to the source, both in radial and angular distance

from the core of the solar eruption. Transport e�ects can distort the observed

particle event substantially and signatures of the acceleration process may be

washed out. In the last years, however, the heliospheric research community has

obtained new tools to assess a large number of problems with the launch of three

new space missions to the inner heliosphere in orbits around the Sun: NASA’s

Parker Solar Probe and ESA’s Solar Orbiter and BepiColombo. In combination

with older probes at Earth’s distance from the Sun, they o�er an unprecedented

possibility to disentangle transport e�ects from the imprints of particle acceler-

ation in the data.

I will provide an overview of observations and models of SEP events and dis-

cuss what has been learnt of particle acceleration at the Sun based on the compar-

ison ofmodels and observations. I will conclude with some of the open questions

that we expect to solve over the next solar maximum with the new heliospheric

�eet.
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Plenary talks (PV)

Plenary Talk PV IX Fri 9:00 Audimax
Shedding light on the axion: one particle solving two problems —
∙Friederike Januschek—Deutsches Elektronen-SynchrotronDESY,Notkestr.
85, 22607 Hamburg, Germany

Very lightweight and feebly interacting new bosons like the axion, originally in-

troduced to solve the strong CP problem of QCD, or axion-like particles (ALPs)

predicted by theories beyond the standard model, have been found to also be

viable cold dark matter candidates.�us, the existence of axions and axion-like

particles has a particular appeal theoretically –and is additionally supported by

experimental hints.

Worldwide, experiments have been and continue to employ creative methods

to look for these –previously considered invisible– particles and promise to shed

further light onto them. At DESY in Hamburg, the ALPS II experiment, a light-

shining-through-walls experiment in the laboratory, is close to data-taking.�e

planned (Baby)IAXO and MADMAX experiments are complementary experi-

ments that will search for axions and ALPs from the sun and dark matter halo,

respectively.

In this talk, I will give an introduction to axions and discuss strategies for

detecting them, focusing on activities at DESY.

Plenary Talk PV X Fri 9:45 Audimax
QuantumComputing: a future path forHighEnergyPhysics— ∙Karl Jansen
—DESY, Platanenallee 6, 15738 Zeuthen

Quantum computers o�er the fascinating possibility to outperform classical

computers or to even solve problems that cannot be addressed by classical com-

putations. We will describe particular examples of quantum computing ap-

proaches such as the hybrid quantum/classical variational quantum eigensolver

and quantum machine learning, including graph neural networks and quantum

generative adversarial neural networks. We demonstrate successful applications

of these methods at selected problems in theoretical and experimental high en-

ergy physics. In addition, we show, how by developing new methods for error

mitigation and for analyzing the expressivity of quantum circuits the quantum

noise of existing hardware platforms can be mildened.
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Symposium SMuK Dissertation Prize 2022 (SYMD) Overview

Symposium SMuK Dissertationspreis 2022 (SYMD)
jointly organised by

the divisions of the Matter and Cosmos Section (SMuK)

Claus Lämmerzahl
ZARM, Universität Bremen

Am Fallturm
28359 Bremen

claus.laemmerzahl@zarm.uni-bremen.de

�e Matter and Cosmos Section, with the Extraterrestrial Physics division (EP), the Gravitation and Relativity
Division (GR), the Hadronic and Nuclear Physics Division (HK), the �eoretical and Mathematical Physics
Division (MP), the Plasma Physics Division (P), the Radiation and Medical Physics Division (ST), and the
Particle PhysicsDivision (T), awards a dissertation prize in recognition of outstanding research in the context of
a doctoral thesis and its excellent communication.�e award committee has selected four candidates from the
nominations who will present their doctoral theses at this symposium. �e dissertation prize will be awarded
in front of the Awards Symposium (SYAW) onWednesday at 2 pm.

Overview of Invited Talks and Sessions
(Lecture hall Audimax)

Invited Talks
SYMD 1.1 Mon 14:00–14:25 Audimax Timeless QuantumMechanics and the Early Universe— ∙LeonardoChataigner
SYMD 1.2 Mon 14:25–14:50 Audimax First tritium β-decay spectrum recorded with Cyclotron Radiation Emission

Spectroscopy (CRES)— ∙Christine Claessens
SYMD 1.3 Mon 14:50–15:15 Audimax Watching the top quarkmass run - for the �rst time! — ∙MatteoM.Defranchis,

Katerina Lipka, Sven-OlafMoch
SYMD 1.4 Mon 15:15–15:40 Audimax Towards beam-quality-preserving plasma accelerators: On the precision tuning

of the wake�eld— ∙Sarah Schröder

Sessions
SYMD 1.1–1.4 Mon 14:00–15:40 Audimax Symposium SMuK Dissertation Prize 2022
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Symposium SMuK Dissertation Prize 2022 (SYMD) Monday

Sessions
– Invited Talks –

SYMD 1: Symposium SMuK Dissertation Prize 2022
Time: Monday 14:00–15:40 Location: Audimax

Invited Talk SYMD 1.1 Mon 14:00 Audimax
Timeless Quantum Mechanics and the Early Universe — ∙Leonardo
Chataigner— Department of Physics and Astronomy, University of Bologna

— Institut für�eoretische Physik, Universität zu Köln

Candidate theories of quantum gravity must answer the questions: how can

the dynamics of quantum states of matter and geometry be de�ned in a

di�eomorphism-invariant way? How are the quantum states related to prob-

abilities in the absence of a preferred time? To address these issues, we dis-

cuss the construction and interpretation of relational observables in quantum

theories with worldline di�eomorphism invariance, which serve as toy models

of quantum gravity. In this context, we present a method of construction of

quantum relational observables which is analogous to the construction of gauge-

invariant extensions of noninvariant quantities in usual gauge (Yang-Mills) the-

ories. Furthermore, we discuss how the notion of a physical propagator may be

used to de�ne a unitary evolution in the quantum theory, which is to be under-

stood in terms of a generalized clock, as is the classical theory. We also discuss

under which circumstances this formalism can be related to the use of condi-

tional probabilities in a generalization of the Page-Wootters approach. Finally,

we also examine how our formalism can be adapted to calculations of quantum-

gravitational e�ects in the early Universe.

Invited Talk SYMD 1.2 Mon 14:25 Audimax
First tritium β-decay spectrum recorded with Cyclotron Radiation Emission
Spectroscopy (CRES) — ∙Christine Claessens — Center for Experimental
Nuclear Physics and Astrophysics, University of Washington, WA, USA

�e observation of neutrino �avor oscillation proved that neutrinos have mass,

thereby requiring us to extend the StandardModel of particle physics. Until now,

laboratory experiments could only set upper limits on the electron-weighted

neutrino mass mβ < 0.8 eV/c2. �e Project 8 collaboration aims to determine
the absolute neutrino mass scale from the distortion of the tritium beta decay

spectrum near the endpoint. To this end, the collaboration has successfully es-

tablished CRES, a frequency-based approach to detect electrons and measure

their kinetic energy. In this work, an event detection system consisting of real-

time triggering and o�ine event reconstruction has been developed. Since the

neutrino mass is determined from the shape distortion it induces in the tritium

spectrum, it is essential to quantify any dependence of the electron detection

e�ciency on energy or, equivalently, frequency.�is work demonstrates the im-

portance of including the detection e�ciency in the analysis of the �rst tritium

spectrum recorded with CRES for an accurate endpoint measurement and the

extraction of the electron-weighted antineutrino mass. In addition, a require-

ment for the precision of detection e�ciency measurements for a future CRES

experiment with a 40meV/c2 target sensitivity has been determined.

Invited Talk SYMD 1.3 Mon 14:50 Audimax
Watching the top quark mass run - for the �rst time! — ∙Matteo M.

Defranchis
1
, Katerina Lipka

2
, and Sven-OlafMoch

3
—

1
CERN, Geneva,

Switzerland —
2
DESY, Hamburg, Germany —

3
UHH, Hamburg, Germany

In the Standard Model of particle physics, the masses of elementary particles are

understood as the fundamental couplings to the Higgs �eld. A special role is

played by the mass of the top quark, the most massive elementary particle cur-

rently known, whose value a�ects conclusions about the stability of the vacuum

state of our universe.�e interaction between quarks and gluons is described by

a sector of the Standard Model known as Quantum Chromodynamics, with the

strength of the interaction depending on a quantity called strong coupling con-

stant. According to Quantum Chromodynamics, the strong coupling constant

rapidly decreases at higher energy scales.�e e�ect is known as the “running of

the coupling constant”. �e same is also true for the masses of the quarks, and

the experimental veri�cation of this e�ect is an essential test of the validity of

the Standard Model. Furthermore, the presence of physics beyond the Standard

Model can lead to modi�cations of the mass running by means of the e�ect of

virtual particles. In this work, the running of the top quark mass is measured us-

ing high-energy proton-proton collision data collected by the CMS experiment

at the CERN Large Hadron Collider. In this way, the fundamental quantum ef-

fect of the mass running is investigated for the �rst time for the most massive

elementary particle known.

Invited Talk SYMD 1.4 Mon 15:15 Audimax
Towards beam-quality-preserving plasma accelerators: On the precision
tuning of the wake�eld — ∙Sarah Schröder — Deutsches Elektronen-

Synchrotron (DESY), Hamburg

Plasma wake�elds enable record-setting GeV/m-level acceleration gradients,

making them a promising avenue for reducing the size and associated costs of

future particle accelerators - with potentially revolutionary implications for ba-

sic research and a wealth of industrial and medical applications.�e control and

optimisation of the acceleration process in the plasma is fundamentally linked to

the ability to �ne-tune the μm-scale wake�eld structure, calling for diagnostics
with femtosecond resolution. In this contribution, a novel methodology that

allows measurement [1] and tuning [2] of the plasma wake�elds at the fem-

tosecond level in a simple way is presented. �ese novel capabilities allowed

the detailed structure of a GV/m-level wake�eld acting on the electron bunch

throughout the acceleration process to be directly measured for the �rst time [1]

and ultimately �ne-tuned such that the energy spread and charge of the bunch

were preserved while achieving an energy-transfer e�ciency of 42% [3]. �ese

resultsmark a crucial step towards quality-preserving and e�cient high-gradient

acceleration - a necessary development to meet the continuous demand for ever-

higher beam energies in high-energy particle physics.

[1] S. Schröder, et al. Nat. Commun. 11, 5984 (2020)

[2] S. Schröder et al., J. Phys.: Conf. Ser. 1596 012002 (2020)

[3] C.A. Lindstrøm, J.M. Garland, S. Schröder et al., Phys. Rev. Lett. 126, 014801

(2021)
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Awards Symposium (SYAW) Overview

Awards Symposium
jointly organised by

the Matter and Cosmos Section (SMuK)

Karl-Henning Rehren
Institut für�eoretische Physik

Georg-August-Universität Göttingen
37077 Göttingen
krehren@gwdg.de

�e laureates of the Georg Kerschensteiner Prize 2022, the Stern Gerlach Medal 2022, and the Max Planck
Medal 2021 present their work to a broader audience.

Overview of Invited Talks and Sessions
(Lecture hall Audimax)

Prize Talks
SYAW 1.1 Wed 14:10–14:40 Audimax Wie überprü� man die Ziele der Lehramtsausbildung Physik? — ∙Horst

Schecker
SYAW 1.2 Wed 14:40–15:10 Audimax Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry and

Black Holes— ∙Frank Eisenhauer
SYAW 1.3 Wed 15:10–15:40 Audimax Turbulence in one dimension— ∙AlexanderM. Polyakov

Sessions
SYAW 1.1–1.3 Wed 14:00–15:40 Audimax Awards Symposium
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Awards Symposium (SYAW) Wednesday

Sessions
– Prize Talks –

SYAW 1: Awards Symposium
Time: Wednesday 14:00–15:40 Location: Audimax

Announcement of the Dissertation Prize 2022

Prize Talk SYAW 1.1 Wed 14:10 Audimax
Wie überprü� man die Ziele der Lehramtsausbildung Physik? — ∙Horst
Schecker — Universität Bremen, FB 1 Physik/Elektrotechnik, Didaktik der

Physik — Träger des Georg-Kerschensteiner-Preises 2022

Die fachbezogenen Ziele der Lehramtsausbildung werden von der Kultusminis-

terkonferenz im Fachpro�l Physik beschrieben. Die Schwerpunkte der univer-

sitären Phase liegen in den Bereichen Fachwissen, Fachdidaktik und fachliche

Erkenntnis- und Arbeitsmethoden. Physikdidaktisch sollen die (zukün�igen)

Lehrkrä�e u.a. solide Kenntnisse der Grundkonzeptionen für die Gestaltung

von Physikunterricht und der Forschungsergebnisse über typische physikalische

Lernschwierigkeiten entwickeln.

Aber in welchem Maße werden die Ausbildungsziele auch erreicht? Die Phy-

sikdidaktik untersucht seit einigen Jahren empirisch die Wirkungen des Lehr-

amtsstudiums. Dazu gehören die Dynamik des Erwerbs fachlichen Wissens, die

Fähigkeit zum Erklären physikalischer Zusammenhänge, das Planen von Un-

terricht oder das Diagnostizieren von Lernschwierigkeiten. Es wurden di�eren-

zierte Kompetenzmodelle und vielfältige Methoden entwickelt. Neben Papier-

und-Bleisti�-Tests stehen Verfahren, die Kompetenzen in realitätsnachempfun-

denen simuliertenHandlungssituationen erheben. ImVortrag werden insbeson-

dere Arbeiten aus dem Forschungsverbund ”Professionswissen in der Lehramts-

ausbildung Physik (Pro�Le-P)” vorgestellt.

Prize Talk SYAW 1.2 Wed 14:40 Audimax
Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry
and Black Holes— ∙Frank Eisenhauer—Max Planck Institute for extrater-
restrial Physics — Laureate of the Stern Gerlach Medal 2022

�e last 25 years have seen wonderful times in high angular resolution, op-

tical/infrared ground-based astronomy: active optics enabled ever larger tele-

scopes, adaptive optics now routinely remove the image blur from the turbu-

lent earth atmosphere, and integral �eld spectroscopy adds the third, spectral

dimension to highest resolution imaging. And most recently, optical/infrared

interferometry brought yet another revolution by synthesizing a telescope with

an equivalent diameter of a hundred meter and more.�is presentation will de-

scribe the development and advances in the �eld, and especially the pioneering

SINFONI andGRAVITY instruments.�e two instruments have been crucial to

the discovery and characterization of the supermassive black hole at the center

of our Galaxy, and have revolutionized the study of nearby exoplanets and star

forming galaxies in the Early Universe. �e presentation will end with an out-

look on the next generation of interferometric instruments and extremely large

telescopes, which are already in construction for the next revolution to come.

Prize Talk SYAW 1.3 Wed 15:10 Audimax
Turbulence in one dimension— ∙AlexanderM. Polyakov—Princeton Uni-
versity, Department of Physics, JadwinHall— Laureate of theMax PlanckMedal

2021
I will discuss general features of turbulence using a soluble model.�e topics in-

clude spontaneous breaking of the Galilean symmetry, universality, dissipative

anomalies, general covariance, and non-Gaussian probability distributions.
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Nature of Science (SYNS) Overview

The Nature of Science
jointly organised by

the Physics Education Division (DD),
the History of Physics Division (GP),

the Gravitation and Relativity Division (GR), and
the�eoretical and Mathematical Physics Division (MP)

Christian Forstner
Ernst-Haeckel-Haus - Wissenscha�sgeschichte

Friedrich Schiller University Jena
christian.forstner@uni-jena.de

For some decades, the term “Nature of Science” has given a headline to discussions in the history and philoso-
phy of science about the ways in which science is developed by people within certain personal, historical, social
and theoretical frameworks. Likewise, science education has considered what understanding of the nature of
science learners hold and how such an understanding is developed and might be guided and supported.
In this symposium we take up new and challenging perspectives on and developments in science and society
to enhance the discussion. �e perspectives presented in the contribution to the symposium relate to three
di�erent aspects:
Lucy Avraamidou will share empirical results about the role of women and their representation in science. De-
velopments in theoretical physics as well as their growing discrepancies to ongoing structural practices will be
discussed by Daniel Harlow. As a completion, the change in medial communication and its e�ect on the dis-
cussion of scienti�c results and knowledge with a special emphasis on the role of social media will be presented
by Dietmar Hoettecke.

Overview of Invited Talks and Sessions
(Lecture hall Audimax)

Invited Talks
SYNS 1.1 Tue 14:00–14:30 Audimax �e Role of Nature of Science Education for Science Media Literacy — ∙Dietmar

Höttecke
SYNS 1.2 Tue 14:30–15:00 Audimax What kinds of identities are deemed in/our of place in physics? — ∙Lucy Avraami-

dou
SYNS 1.3 Tue 15:00–15:30 Audimax Some thoughts on the status of theoretical physics— ∙DanielHarlow

Sessions
SYNS 1.1–1.3 Tue 14:00–15:40 Audimax �e Nature of Science
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Nature of Science (SYNS) Tuesday

Sessions
– Invited Talks –

SYNS 1: The Nature of Science
Time: Tuesday 14:00–15:40 Location: Audimax

Invited Talk SYNS 1.1 Tue 14:00 Audimax
�e Role of Nature of Science Education for Science Media Literacy —
∙Dietmar Höttecke— Faculty of Education, University of Hamburg
Science is inevitably mediated to the public sphere and both professional jour-

nalistism and social media networks play important roles. For well-informed

decision-making, it is essential for citizens to know how scientists communi-

cate with each other, as well as with the public. Until recently, the conventional

mass media (e.g. newspapers) typically functioned as gatekeepers, helping to

assess the reliability and trustworthyness of scienti�c claims. In today’s culture,

media and their gatekeeping roles are rapidly vanishing. In social media infor-

mation �ows along existing networks, sometimes heedless of scienti�c expertise

and quality of information. As a result, we need an expanded conception of

nature of science (NOS): First, students need to learn about the epistemics of

communicative practices, within science and in society, science as a system of

distributed knowledge and expertise, characterized by division of labor as well

as a social system of checks and balances, trust and credibility. Second, students

have to learn about the epistemic structure of science communcation and the

role of “gatekeepers”. Here, the role of social media and its correlated phenomena

have to be considered like aggregated news, �lter bubbles, echo chambers, spirals

of silence, fake news, and purposeful disinformation. �ird, the “consumer” of

science has to learn about him- and herself, including the role of con�rmation

bias, motivated reasoning, and the social context of trust. �ese three perspec-

tives �nally lead to a the idea of ScienceMedica Literacy as an expansion of more

traditionally NOS perspecitve.

Invited Talk SYNS 1.2 Tue 14:30 Audimax
What kinds of identities are deemed in/our of place in physics? — ∙Lucy
Avraamidou—University of Groningen, Groningen, Netherlands

By adopting an intersectional approach, I will present the �ndings of an empir-

ical study that aimed to examine the ways in which physics identity intersects

with other identities (i.e., racial identity, gender identity, Islamic religious iden-

tity, social-class identity, single-motherhood, and ethnic identity) and in�uences

women’s recognition. To do that I draw upon a life history, multiple case-study

of three women in physics: a native toWestern Europe, late-career white woman;

two immigrant women to Western Europe, one is an undergraduate student of

color, and the other, an early-career Muslim woman. With evidence gathered

from this empirical study I will argue that a conceptualization of physics identity

that does not value people for who they are in their entirety, made up of mul-

tiple and intersectional identities, but only values how people produce or con-

sume scienti�c knowledge is exclusionary and only serves to create su�ering.

For an exploration of women’s participation in physics, any attempt to examine

gender in isolation instead of in intersection with other multiple identities is an

ill-equipped way of examining the complexities and dynamics of contemporary

identity politics embedded in recognition.

Invited Talk SYNS 1.3 Tue 15:00 Audimax
Some thoughts on the status of theoretical physics — ∙Daniel Harlow —
MIT Department of Physics, Cambridge, MA

Abstract: �eoretical physics has changed substantially from what it was in the

post-war period, but these changes are o�en not re�ected in funding and hiring

structures. I will present a contemporary assessment of what the goals of and

methods of theoretical physics are, and how it relates to society more broadly.

General Discussion
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Extraterrestial Physics Division (EP) Overview

Extraterrestrial Physics Division
Fachverband Extraterrestrische Physik (EP)

Miriam Sinnhuber
Karlsruher Institut für Technologie
Hermann-von-Helmholtz-Platz 1
76344 Eggenstein-Leopoldshafen

miriam.sinnhuber@kit.edu

Overview of Invited Talks and Sessions
(Lecture hall EP-H1)

Plenary and Prize Talks related to EP

SYAW 1.2 Wed 14:40–15:10 Audimax Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry and
Black Holes— ∙Frank Eisenhauer

PV VIII �u 9:45–10:30 Audimax �e Sun as a source of high-energy particles— ∙Rami Vainio
Special topic day T/EP: Astroparticles – From the source to the detector

EP 8.1–8.3 �u 11:00–12:30 T-H15 Astroparticles: Invited talks (joint session T/EP)
EP 10.1–10.4 �u 14:00–15:40 T-H15 Astroparticles: Invited topical talks (joint session T/EP)
EP 11.1–11.9 �u 16:15–18:30 EP-H1 Astroparticles: From the source to the detector (joint session EP/T)

Invited Talks
EP 1.1 Mon 14:00–14:30 EP-H1 Asteroseismology of red-giant stars— ∙SaskiaHekker
EP 2.3 Mon 16:45–17:15 EP-H1 Cloudy with a hint of magnetic �elds— ∙Ludmila Carone
EP 3.1 Tue 11:00–11:30 EP-H1 A new era of Venus exploration - seen Venus in a new light — ∙Jörn Helbert,

Melinda Darby Dyar, Giulia Alemanno, Alessandro Maturilli, Nils Müller,
Doris Breuer, VEM on VERTIAS team, VenSpec on Envision team

EP 4.1 Tue 14:00–14:30 EP-H1 Exploration of the Jupiter system with a small submillimetre wave telescope onboard
the JUICE satellite— ∙PaulHartogh

EP 5.1 Tue 16:15–16:45 EP-H1 Investigating Earth’s atmosphere and ionosphere from space: How GNSS radio occul-
tationmeasurements contribute tomonitor the atmosphere in a high spatial resolution
— ∙Christina Arras, Ankur Kepkar, JensWickert

EP 5.5 Tue 17:30–18:00 EP-H1 Solar extreme events and their impact on the middle atmosphere — ∙Thomas Red-
dmann, Monali Borthakur, Miriam Sinnhuber, Ilya Usoskin, Jan-MaikWissing

EP 6.1 Wed 11:00–11:30 EP-H1 �ree-dimensional topology-drivenmagnetic reconnection— ∙RaquelMäusle, Jean-
Mathieu Teissier, Wolf-ChristianMüller

EP 12.1 Fri 11:00–11:30 EP-H1 Linking Solar Eruptions and Energetic Particles through Observations and Modeling
— ∙Frederic Effenberger

EP 12.4 Fri 12:00–12:30 EP-H1 Solar Orbiter: two years of operations and �rst results — ∙Frederic Schuller,
AlexanderWarmuth, GottfriedMann

Invited Talks of the joint symposium SMuK Dissertation Prize 2022 2022 (SYMD)
See SYMD for the full program of the symposium.

SYMD 1.1 Mon 14:00–14:25 Audimax Timeless QuantumMechanics and the Early Universe— ∙LeonardoChataigner
SYMD 1.2 Mon 14:25–14:50 Audimax First tritium β-decay spectrum recorded with Cyclotron Radiation Emission

Spectroscopy (CRES)— ∙Christine Claessens
SYMD 1.3 Mon 14:50–15:15 Audimax Watching the top quarkmass run - for the �rst time! — ∙MatteoM.Defranchis,

Katerina Lipka, Sven-OlafMoch
SYMD 1.4 Mon 15:15–15:40 Audimax Towards beam-quality-preserving plasma accelerators: On the precision tuning

of the wake�eld— ∙Sarah Schröder
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Extraterrestial Physics Division (EP) Overview

Invited Talks of the joint Awards Symposium (SYAW)
See SYAW for the full program of the symposium.

SYAW 1.1 Wed 14:10–14:40 Audimax Wie überprü� man die Ziele der Lehramtsausbildung Physik? — ∙Horst
Schecker

SYAW 1.2 Wed 14:40–15:10 Audimax Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry and
Black Holes— ∙Frank Eisenhauer

SYAW 1.3 Wed 15:10–15:40 Audimax Turbulence in one dimension— ∙AlexanderM. Polyakov

Sessions
EP 1.1–1.6 Mon 14:00–15:45 EP-H1 Astrophysics
EP 2.1–2.9 Mon 16:15–18:45 EP-H1 Astrophysics / Exoplanets and Astrobiology
EP 3.1–3.7 Tue 11:00–13:00 EP-H1 Planets and Small bodies
EP 4.1–4.6 Tue 14:00–15:35 EP-H1 Planets and Small bodies
EP 5.1–5.8 Tue 16:15–18:45 EP-H1 Near Earth Space
EP 6.1–6.8 Wed 11:00–13:15 EP-H1 Astrophysics
EP 7.1–7.11 Wed 16:15–18:50 EP-H1 Astrophysics
EP 8.1–8.3 �u 11:00–12:30 T-H15 Astroparticles: Invited talks (joint session T/EP)
EP 9 �u 12:45–13:45 EP-MV Mitgliederversammlung Extraterrestrische Physik
EP 10.1–10.4 �u 14:00–15:40 T-H15 Astroparticles: Invited topical talks (joint session T/EP)
EP 11.1–11.9 �u 16:15–18:30 EP-H1 Astroparticles: From the source to the detector (joint session EP/T)
EP 12.1–12.11 Fri 11:00–14:00 EP-H1 Sun and Heliosphere

Annual General Meeting of the Extraterrestial Physics Division
�ursday 12:45–13:45 EP-MV
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Extraterrestial Physics Division (EP) Monday

Sessions
– Invited, Invited Topical, and Contributed Talks –

EP 1: Astrophysics
Time: Monday 14:00–15:45 Location: EP-H1

Invited Talk EP 1.1 Mon 14:00 EP-H1
Asteroseismology of red-giant stars— ∙SaskiaHekker—Centre for Astron-
omy (ZAH/LSW), Heidelberg University — Heidelberg Institute for�eoretical

Studies (HITS) — Stellar Astrophysics Centre, Aarhus, Denmark

Over the past decades we experienced a revolution in asteroseismology of red-

giant stars. In this talk, I will discuss this revolution and �rst insights gained

from asteroseismology into the stellar structure of red-giant stars.

EP 1.2 Mon 14:30 EP-H1
Finite time singularities and their relations to eruptive stellarmass loss events
— ∙Dieter Nickeler and Michaela Kraus— Astronomical Institute, Czech

Academy of Sciences, Ondrejov, Czech Republic

In recent years rings, spiral and arc structures have been detected around mas-

sive stars with strong stellar winds.�ese structures are proposed to be a result of

stellar mass ejections. Taking a (fast) stationary stellar wind as initial condition,

the time-dependent amplitudemodulation is analyzed with respect to eventually

occurring �nite-time instabilities. �ese so called blow-up solutions can be in-

terpreted as non-linear instabilities in the stellar wind, leading to eruptive mass

loss of the star. We analyze under which circumstances such blow-up solutions

can exist.

EP 1.3 Mon 14:45 EP-H1
Molecular environment of the yellow hypergiant HD 269953— ∙Michaela

Kraus
1
, Maria Laura Arias

2
, and Lydia Cidale

2
—

1
Astronomical Insti-

tute, Czech Academy of Sciences, Ondrejov, Czech Republic —
2
Instituto de

Astro�sica de La Plata, CONICET-UNLP, Argentina

Yellow hypergiants are massive stars, most likely in post-red supergiant evolu-

tionary state. Stars in this phase can undergo multiple outbursts, and the ejected

material might enshroud the stars in gaseous and dusty shells or envelopes.�e

object HD 269953 has been suggested to be a candidate yellow hypergiant. Al-

though no historic outburst has been reported for that object, its environment

hosts a substantial amount of warm CO gas. To unveil the dynamics within the

molecular gas we obtained a high-resolution (R ∼ 45 000) K-band spectrum of
HD 269953 with IGRINS at GEMINI-South. We �nd that the spectrum is rich

in emission features. In particular, we detect emission from the
12
CO and

13
CO

molecular bands.�e latter are strongly enriched, in agreement with the hypoth-

esis that the environment contains processed matter that has been released from

an evolved object. Moreover, we identi�ed emission of hot water vapor, which

is, to our knowledge, the �rst detection of water in the vicinity of an evolved

massive star. We will present �rst results from our analysis of the circumstellar

molecular gas and discuss scenario for its origin.

EP 1.4 Mon 15:00 EP-H1
Kilonovae, gamma-ray bursts, and heavy elements from neutron star merg-
ers — ∙Oliver Just1, Andreas Bauswein

1
, Thomas Janka

2
, Stephane

Goriely
3
, Ina Kullmann

3
, Shigehiro Nagataki

4
, Hirotaka Ito

4
, and

Christine Collins
1
—

1
GSI, Darmstadt, Germany —

2
MPA, Garching, Ger-

many —
3
ULB, Brussels, Belgium —

4
RIKEN, Tokyo, Japan

�e collision of two neutron stars, which was �rst observed in 2017, is one of the

most luminous astrophysical explosions, in which not only electromagnetic ra-

diation from radio to gamma-ray frequencies is emitted, but also huge amounts

of energy in the form of neutrinos and gravitational waves. In order to decipher

these multi-messenger events, e.g. for inferring the mass and composition of the

material thrown out in the course of such a merger, one needs to build detailed

theoretical models of the processes that lead to matter ejection and the emission

of radiation. In this talk I will present our recent e�orts to model the merger and

its remnant using multi-dimensional hydrodynamics simulations including the

transport of neutrinos. Moreover, I will outline how these simulations were used

to predict the optical/near infrared signal, called kilonova, the �ash of gamma-

radiation, called short gamma-ray burst, as well as the amount of heavy elements,

such as Gold, produced in the ejecta by means of the rapid neutron-capture (or

r-) nucleosynthesis process.

EP 1.5 Mon 15:15 EP-H1
Core-Collapse Simulations of Very Massive Star: Gravitational Collapse,
Black-hole Formation, and Beyond — ∙Ninoy Rahman — GSI Helmholtz

Centre for Heavy Ion Research

We investigate the �nal gravitational collapse of rotating and non-rotating pul-

sational pair-instability supernova progenitors with zero-age-main-sequence

masses of 60, 80, and 115M⊙ and iron cores between 2.37M⊙ and 2.72M⊙ by
2D (axi-symmetric) hydrodynamics simulations. Using the general relativistic

NADA-FLD code with neutrino transport allows us to follow the evolution be-

yond the moment when the transiently forming neutron star (NS) collapses to a

black hole (BH), which happens in all cases. Because of high neutrino luminosi-

ties and mean energies, neutrino heating leads to shock revival before BH for-

mation in all cases except in the rapidly rotating 60M⊙ model, where centrifugal
e�ects support a higher NSmass but reduce the neutrino-heating rate by roughly

a factor of two compared to the non-rotating counterpart. A�er BH formation

the neutrino luminosities drop steeply but continue on a 1–2 orders of magni-

tude lower level for several 100ms because of aspherical accretion of neutrino

and shock-heated matter, before the ultimately spherical collapse of the outer

progenitor shells suppresses the neutrino emission to negligible values. In all

shock-reviving models BH accretion swallows the entire neutrino-heated mat-

ter and the diagnostic explosion energies decrease to zero within a few seconds

latest. Nevertheless, the shock or a sonic pulse move outward and may trigger

mass loss, which we estimate by long-time simulations with the Prometheus

code.

EP 1.6 Mon 15:30 EP-H1
Modeling disk fragmentation and multiplicity in massive star formation —
∙Rolf Kuiper1 and André Oliva2 — 1

Universität Heidelberg —
2
Universität

Tübingen

�ere is growing evidence that massive stars grow by disk accretion in a similar

way to their low-mass counterparts. Early in evolution, these disks can achieve

masses that are comparable to the current stellar mass, and therefore the form-

ing disks are highly susceptible to gravitational fragmentation. We investigate

the formation and early evolution of an accretion disk around a forming massive

protostar, focussing on its fragmentation physics.

We used a grid-based, self-gravity radiation hydrodynamics code including a

sub-grid module for stellar evolution and dust evolution. We purposely do not

use a sub-grid module for fragmentation such as sink particles to allow for all

paths of fragment formation and destruction, but instead we keep the spatial

grid resolution high enough to properly resolve the physical length scales of the

problem, namely the pressure scale height and Jeans length of the disk.

�e cloud collapses and a massive (proto)star is formed in its center sur-

rounded by a fragmenting Keplerian-like accretion disk with spiral arms. �e

fragments have masses of ~1 Msol, and their continuous interactions with the

disk, spiral arms, and other fragments result in eccentric orbits. Fragments form

hydrostatic cores surrounded by secondary disks with spiral arms that also pro-

duce new fragments. Based on this, we study the multiplicity from spectroscopic

multiples to companions at distances at 1000 au.

EP 2: Astrophysics / Exoplanets and Astrobiology
Time: Monday 16:15–18:45 Location: EP-H1

EP 2.1 Mon 16:15 EP-H1
Cross-matching Low Frequency Array (LOFAR) Sources — ∙Lukas Böhme
— Fakultät für Physik, Universität Bielefeld, Deutschland

Multi-frequency studies of the radio sky provide insight into the nature of the

observed objects. To do so, I cross-match resolved and unresolved radio sources

at di�erent frequencies and angular resolutions.

�e combination of several radio bands from the Low Frequency Array (LO-

FAR) and other radio telescopes with multi-frequency optical and infrared data

allows for photometric redshi� estimates, not only for LOFAR Two-metre Sky

Survey (LoTSS) sources, but also for lower resolution LOFAR LBA Sky Survey

(LoLSS) and NRAO VLA Sky Survey (NVSS) sources.

I present a new cross-matching algorithm incorporating the radio source ex-
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tensions and apply it to the catalogues from LoLSS-PR, LoTSS-DR1, LoTSS-DR2

(LOFAR) and NVSS (VLA).

I study the number of components of LoLSS radio sources and their spectral

properties. I �nd an average spectral index of α = −0.77 ± 0.17 for sources

matched in all surveys. �is spectral index is �ux density independent above

S1400 = 30mJy and appears to be redshi� independent.

EP 2.2 Mon 16:30 EP-H1
2-Kanal - Kohonenkarten zur Klassi�zierung von Radioquellen und Iden-
ti�zierung von optischen Host-Galaxien — ∙Schwarz Kilian1

, Stevens

Simon
1
, Mah Zhee Kein Jeremy

1
, El-Beit Shawish Sara

1
, Farjoud Ma-

souleh Negar
1
, Imhof Dennis

1
, Rapp Stefan

1
und Hoeft Matthias

2
—

1
Hochschule Darmstadt, Haardtring 100, 64295 Darmstadt —

2
�üringer Lan-

dessternwarte, Sternwarte 5, 07778 Tautenburg

Aufgrund der großen Datenmengen durch aktuelle Himmelsdurchmusterun-

gen gewinnt die Klassi�kation mit Hilfe von Methoden des maschinellen Ler-

nens an Bedeutung. Für die ausgedehnten Quellen in der ersten Verö�entli-

chung von Daten des LOFAR Two-Metre Sky Survey (LoTSS) hat sich die au-

tomatische Gruppierung der Quellmorphologien mit Hilfe der Self-Organising-

Maps (SOMs) als sehr leistungsvoll erwiesen [Mostert et. al 2020, Astronomy

& Astrophysics]. In diesem Beitrag wird gezeigt, wie diese Methode weiterent-

wickelt werden kann, um die morphologische Klassi�kation von Radioquellen

zu verbessern und die zugehörigen Wirtsgalaxien in optischen Karten [Cham-

bers et. al 2019, arXiv] zu identi�zieren. Hierzu werden 2-Kanal-Kohonenkarten

mit Hilfe der PINK-So�ware [Polsterer et. al 2016, 24th European Symposium

on Arti�cial Neural Networks] trainiert und anschließend analysiert. Durch das

Setzen eines Begrenzungsrahmens wird die Anzahl der möglichen zugehörigen

Wirtsgalaxien erheblich eingeschränkt. In weiteren Schritten werden andere Ei-

genscha�en der Quellen, z.B. Rotverschiebung, zusätzlich in dem Lernverfahren

berücksichtigt. Die aktuellen Ergebnisse werden präsentiert.

Invited Talk EP 2.3 Mon 16:45 EP-H1
Cloudy with a hint of magnetic �elds — ∙Ludmila Carone — St Andrews
University, St Andrews, UK—Max Planck Institute for Astronomy, Heidelberg,

D
In this review talk, I will present the state of the art of numerical models of exo-

planet atmospheres. I will show why it is important to consider that exoplanets

are three dimensional objects that can change their local observed atmosperic gas

phase composition (C/O ratio) via cloud formation and disequilibrium chem-

istry. Since C/O ratios are used as proxies for exoplanet formation it is important

that 3D processes are incorporated in the interpretation of upcoming detailed

observations with next generation space telescopes: i.e. the James Webb Space

Telescope, ARIEL and also PLATO. Last but not least, tackling magnetic �elds

interaction and how they impact observable properties in exoplanet atmospheres

is an ongoing numerical challenge.

EP 2.4 Mon 17:15 EP-H1
Gap in Solar System’s Proto Planetary Disk Likely Con�rm Features in the
Distribution of Exoplanet Semi-Major Axes — ∙Stuart F. Taylor — SETI

A�liate, Mountain View, CA USA — Participation Worldscope, Hong Kong

�e recent discovery of a gap dividing the solar system’s protoplanetary disk (SS’s

PPD) may be a con�rmation of the peak-gap-peak (PGP) feature in the distri-

bution of semi-major axes of exoplanets hosted by stars most like the sun. �is

PGP feature was published before the SS PPD gap was presented. It has long

been thought that PPDs form with separate inner and outer disks separated by a

gap, but seeing this structure in the distribution of exoplanet semi-major axes is

unexpected due to how it is thought that primordial features are erased by subse-

quent planet migration.�e solar system gap is reported to be closer than 3 AU,

while the PGP feature’s gap extends from 1.5 to 1.9 AU for planets of solar mass

stars.�e two results taken together suggest that planets of stars that are similar

to the sun or with higher metallicity may generally start their evolution with a

gap in this range, likely associated with a snow line. We are now �nding that

the semi-major axis of this feature appears to scale with the square root of stellar

mass. We also propose that the study of planetary system architectures and de-

mographics be organized in the form of a new additional section of an exoplanet

catalog, which would include results on exoplanet occurrence distributions and

�ndings of features and correlations among exoplanet parameters.

EP 2.5 Mon 17:30 EP-H1
Composition of super-Earths, super-Mercuries, and their host stars —
∙Vardan Adibekyan— nstituto de Astrofísica e Ciências do Espaço (IA)
Because of their common origin, it is expected (or assumed) that the compo-

sition of planet building blocks should (to a �rst order) correlate with stellar

atmospheric composition, especially for refractory elements. In fact, informa-

tion on the relative abundance of refractory and major rock-forming elements

such as Fe, Mg, Si are commonly used to improve interior estimates for terres-

trial planets (e.g. Dorn et al. 2015; Unterborn et al. 2016) and has even been

used to estimate planet composition in di�erent galactic populations (Santos et

al. 2017). However, there is no direct observational evidence for the aforemen-

tioned expectation/assumption and was even recently questioned by Plotnykov

& Valencia (2020). By using the largest possible sample of precisely character-

ized low-mass planets and their host stars, we show that the composition of the

planet building blocks indeed correlates with the properties of the rocky plan-

ets. We also �nd that on average the iron-mass fraction of planets is higher than

that of the primordial values, owing to the disk-chemistry and planet formation

processes.�is result can bring important implications for the future modeling

of exoplanet composition.

EP 2.6 Mon 17:45 EP-H1
Planetary interiors via Love-number determined from radial velocities —
∙LiaMartaBernabò and SzilárdCsizmadia—DLRBerlin, Institut für Plan-

etenforschung (Deutsches Zentrum für Lu�-und Raumfahrt) - Rutherfordstr. 2,

12489 Berlin
We study the inner structure of planets by determining the Love numbers kn

and hn (Love, 1911), which describes the susceptibility of their shape to change

in response to a tidal and rotational potential. �e second degree Love number

k2 is highly sensitive to the thickness of the interior layers and rheology of the

planet and it is proportional to the concentration of mass towards the centre of

the planet, therefore it is used to infer the internal structure of the body. We will

present the method how to analyze the radial velocity curve in presence of ap-

sidal motion caused by tidal interaction between the star and the planet, and by

general relativity.�e former one can be linked to the Love-number k2 (Kopal,

1959) which constrains the planetary interior as a third measurable parameter

beyond the mass and radius (Baumeister et al., 2020). We also study the e�ect of

the rotationally and tidally distorted stellar shape on the radial velocity curves.

�is causes a distortion on the RV-shape as well, and leads to the presence of an

apparent eccentric orbit in the RV-curve. We show that the correct estimate of

this e�ect must be taken into account and some other studies overestimated its

amplitude and signi�cance. Finally, we show our �rst results when we applied

our method to real systems.

EP 2.7 Mon 18:00 EP-H1
Stellar Flares and Habitable(?) Worlds from the TESS Primary Mission —
∙Maximilian N. Günther— European Space Agency (ESA), European Space

Research and Technology Centre (ESTEC), Keplerlaan 1, 2201 AZ Noordwijk,

Netherlands
On our search for habitable worlds, we have to account for explosive stellar �ar-

ing and coronal mass ejections (CMEs) impacting exoplanets.�ese stellar out-

bursts are a double-edged sword. On the one hand, �ares and CMEs are capable

of stripping o� atmospheres and extinguishing existing biology. On the other

hand, �ares might be the (only) means to deliver the trigger energy for prebiotic

chemistry and initiate life. �is talk will highlight our study of all stellar �ares

from the TESS primarymission, driven by a convolutional neural network. I will

discuss our new insights on �aring as a function of stellar type, age, rotation, spot

coverage, and other factors. Most importantly, I will link our �ndings to prebi-

otic chemistry and ozone sterilisation, identifying which worlds might lie in the

sweet spot between too much and too little �aring. With future extended mis-

sions and increased coverage, �are studies and new exoplanet discoveries will

ultimately aid in de�ning criteria for habitability.

EP 2.8 Mon 18:15 EP-H1
INCREASE - An updated model suite to study the IN�uence of Cosmic Rays
on Exoplanetary AtmoSpherEs— ∙Konstantin Herbst1, J. Lee Grenfell2,
Miriam Sinnhuber

3
, and Fabian Wunderlich

2
—

1
Institut für Exper-

imentelle and Angewandte Physik, Christian-Albrechts-Universität zu Kiel,

24118 Kiel —
2
Institut für Planetenforschung, Deutsches Zentrum für Lu�-

und Raumfahrt, 12489 Berlin—
3
Institut fürMeteorologie undKlimaforschung,

Karlsruher Institut für Technologie, 77344 Eggenstein-Leopoldshafen

Much remains to be explored when it comes to the diversity of exoplanetary

atmospheres, much remains to be explored. For a few selected objects such

as Proxima Centauri b, �rst observations of the atmosphere have already been

achieved. At the same time, much more information is expected soon with the

help of JWST launched inDecember 2021. However, to interpret existing and up-

coming observations, model studies of planetary atmospheres that account for

various processes - e.g., atmospheric escape, outgassing, climate, photochem-

istry, and the physics of air showers - are necessary. Here, we present our unique

model suite INCREASE investigating the impact of cosmic rays on diverse exo-

planetary atmospheres and their habitability.

EP 2.9 Mon 18:30 EP-H1
Viruses �rst? — ∙Karin Moelling — Inst. med. Mikrobiologie, Universität

Zürich, Gloriastr 30, 8006 Zürich, Schweiz — Max Planck Institut Mol.Gen.

Ihnestr 73 14195 berlin Deutschland
�e discovery of exoplanets within putative habitable zones and spaceships to

Mars and Eraly Earth raise interest in the origin of life. Could viruses play a role

at the beginning of life on Earth and elsewhere? Viruses are the most success-

ful species on Earth in every habitat. Contemporary viruses re�ect evolution

ranging from the early RNA world to the present DNA-protein world. Earli-

est replicating and evolving entities are enzymatic non-coding RNA molecules,
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ribozymes or viroids, ful�lling criteria of life. RNA is till today a dominating

molecule in almost all aspects of life, generating novel information as driver

of evolution. �e whole Universe contains essential building blocks of life

H,O,C,N,P. Water may be essential. Meteorites teach us about aminoaicds. �e

diversity of survival mechanism are demonstrated by extremophilic archaea,

which developed indivdual survival metabolisms depending on extreme living

conditonas as extrempohils. Autonomy of early life forms may have been given

up by energy-saving parasitic life forms today.(Moelling and Breocker,2019, doi:

10.3389/fmicb.2019.0052310.3389/fmicb.2019.00523)

EP 3: Planets and Small bodies
Time: Tuesday 11:00–13:00 Location: EP-H1

Invited Talk EP 3.1 Tue 11:00 EP-H1
Anew era ofVenus exploration - seenVenus in a new light— ∙JörnHelbert1,
MelindaDarbyDyar

2
, Giulia Alemanno

1
, AlessandroMaturilli

1
, Nils

Müller
1
, Doris Breuer

1
, VEM on VERTIAS team

1
, and VenSpec on En-

vision team
1
—

1
Institute for Planetary Research, DLR, Berlin, Germany —

2
Mount Holyoke College, USA

Venus is our next-door planet. It is almost identical in size to Earth and yet we

know so little about it. Recently three new mission have been selected to study

Venus - the ESAEnVision and theNASAVERITAS andDAVINCImissions.�e

new interest in Venus has partly come through discussions with the exoplanet

community about why theirmodels always lean towards Earth-like planets.�ey

have asked for fundamental parameters for Venus to improve their models, like

the surface composition of Venus, and we just do not have the answers currently.

�is led to the realisation that we need to �nd out more about this planet that

has evolved in such a di�erent way from the Earth in order to understand how

habitable planets evolve in general.

All three recently selected Venus missions include in their payload instru-

ments focused on the 1 micron region.�e NASA VERITAS and ESA EnVision

missions use the DLR build Venus Emissivity Mapper (VEM) as a multi-spectral

imaging system. �e DAVINCI mission has a 1 micron descent imager. �ese

new instruments have beenmade possible in part by a dedicated e�ort to set up a

new Venus high temperature spectroscopy laboratory at DLR to routinely obtain

VNIR emissivity spectra at relevant Venus surface temperatures.

EP 3.2 Tue 11:30 EP-H1
�e impact of large solar particle events on the chemical composition of the
Martian atmosphere — ∙Miriam Sinnhuber

1
, John Lee Grenfell

2
, Kon-

stantinHerbst
3
, and FabianWunderlich

2
—

1
Karlsruher Institute für Tech-

nologie, Karlsruhe, Germany —
2
DLR Institut für Planetenforschung, Berlin,

Germany —
3
Universität Kiel, Kiel, Germany

Large solar coronalmass ejections are known to have a large impact on the chem-

ical composition of the high-latitude atmosphere of Earth. Collision of the in-

cident protons and resulting secondary electrons with the most abundant atmo-

spheric constituents leads to dissociation, ionization, and dissociative ionization

of these substances; in the Earth’s atmosphere, these are N2 andO2, and themain

products are nitrogen radicals and nitrogen oxides (NOx: N, NO, NO2) as well

as hydrogen oxides (HOx: OH, HO2) from the uptake of water vapor into large

cluster ions. Both NOx and HOx species contribute to catalytic ozone loss, and

very rapid loss of ozone in the terrestrial polar stratosphere and mesosphere is

well-documented. However, notmuch is known about the impact of these events

on other planets. Here, we present results from model experiments for the at-

mosphere of Mars, considering three di�erent solar particle events: a ground-

level event (1956), the Carrington white light �are (1859), and one of the largest

ground-level events found in the paleo-record so far, the AD774/775 event.�e

analysis focuses on the di�erent responses of the thin Martian atmosphere with

its low amounts of nitrogen and high CO2 mixing ratio.

EP 3.3 Tue 11:45 EP-H1
�e interaction of theMartian with the solar wind as observed byMAVEN—
∙Lukas Maes and Markus Fraenz — Max Planck Institute for Solar System

Research, Göttingen, Germany

�e Mars Atmosphere and Volatile EvolutioN (MAVEN) mission was launched

in 2013 to study the atmosphere and ionosphere of Mars, its interaction with

the solar wind, and the consequences for the erosion of the Martian atmosphere.

With a comprehensive and complementary set of plasma and neutral gas instru-

ments, it has o�ered higher resolution data than ever before, with a dataset of

over 6 years now. In this talk wewill look at a some results about the plasma phys-

ical processes in and around the Martian ionosphere observed by the MAVEN

satellite and discuss them in the context of Mars’ atmospheric evolution, the ef-

fect of Mars’ crustal magnetic �elds, and what we can learn from it about other

planets.

EP 3.4 Tue 12:00 EP-H1
Dynamomodels reproducing the o�set dipole of Mercury’s magnetic �eld—
∙Patrick Kolhey1, DanielHeyner1, JohannesWicht

2
, Thomas Gastine

3
,

and Ferdinand Plaschke
1
—

1
Institut für Geophysik und extraterrestrische

Physik, Technische Universität Braunschweig, Braunschweig, Germany —

2
Max-Planck-Institut für Sonnensystemforschung, Göttingen, Germany —

3
Institut de Physique du Globe de Paris, Université de Paris, Paris, France

Since the discovery of Mercury’s peculiar magnetic �eld it has raised questions

about the dynamo process in its �uid core.�e global magnetic �eld at the sur-

face is rather weak compared to other planetarymagnetic �elds, strongly aligned

to the planet’s rotation axis and its magnetic equator is shi�ed towards north.

Especially the latter characteristic is di�cult to explain using common dynamo

model setups. In this study we present new direct numerical simulations of the

magnetohydrodynamical dynamo problemwhich include a stably strati�ed layer

on top of the outer core, which can also reproduce the shi� of themagnetic equa-

tor towards north. We revisit a model con�guration for Mercury’s dynamo ac-

tion, which successfully reproduced the magnetic �eld features, in which core

convection is driven by thermal buoyancy as well as compositional buoyancy

(double-di�usive convection). While we �nd that this model con�guration pro-

duces Mercury-like magnetic �eld only in a limited parameter range (Rayleigh

and Ekman number), we show that also a simple codensity model is su�cient

over a wide parameter range to produce Mercury-like magnetic �elds.

EP 3.5 Tue 12:15 EP-H1
Revised Modular Model of Mercury’s Magnetospheric Magnetic Field —
∙Kristin Pump, Daniel Heyner, and Ferdinand Plaschke — Institut für

Geophysik und extraterrestrische Physik, TU Braunschweig

Mercury is the smallest an innermost planet of our solar system and has a dipole-

dominated internal magnetic �eld that is relatively weak, very axisymmetric and

signi�cantly o�set towards north. �rough the interaction with the solar wind,

this �eld leads to a magnetosphere. Compared to the magnetosphere of Earth,

Mercury’smagnetosphere is smaller andmore dynamic. To understand themag-

netospheric structures and processes we use in-situ MESSENGER data to de-

velop a semi-empiric model, which can explain the observations and help to im-

prove the mission planning for the BepiColombo mission en-route to Mercury.

We will present this semi-empiric KTH-model, a modular model to calculate

the magnetic �eld inside the Hermean magnetosphere. Korth et al. (2015 and

2017) published a model, which is the basis for the KTH-Model. In this new

version, the calculation of the magnetic �eld for the neutral current sheet is re-

structured based on observations rather than ad-hoc assumptions so that the

description is more realistic. Furthermore, a new model is added to depict the

partial ring current. An analysis of the residuals shows a better visibility of the

�eld-aligned currents. In addition, this model o�ers the possibility to improve

the main �eld determination.

EP 3.6 Tue 12:30 EP-H1
BepiColombo at Mercury: First close-in magnetic �eld measurements from
the southern hemisphere— ∙Daniel Heyner— TU Braunschweig
�e internal magnetic �eld of Mercury is best described by a northward o�set

dipole with almost zero obliquity. Its o�set, weakness, axisymmetry and lack of

secular variation still poses a challenge to dynamo theory. A�er NASA’s Mariner

10 �ybys in the 1970’s and MESSENGER’s orbital mission in 2011-2015, Bepi-

Colombo performed a �yby atMercury in October 2021. For the �rst time, mag-

netic �eldmeasurements are obtained from the southern hemisphere close to the

planet by the �uxgate magnetometer MPO-MAG. We will present an overview

of the �yby data highlighting di�erent plasma regions and compare the new in-

situ data to magnetospheric models obtained from the previous missions to the

innermost terrestrial planet. Does the �yby data reveal any secular variation?

Has the dipole o�set changed? �ese are some of the questions we will discuss

with this unprecedented magnetometer data. We will close with a discussion on

what is to be expected from the orbital phase of BepiColombo.

EP 3.7 Tue 12:45 EP-H1
Binary main-belt comet 288P— ∙Jessica Agarwal1,2 and Yoonyoung Kim1

—
1
Institut für Geophysik und Extraterrestrische Physik, TU Braunschweig —

2
Max-Planck-Institut für Sonnensystemforschung, Göttingen

Main-belt comets are asteroids that activate during subsequent perihelion pas-

sages, emitting dust like comets. �e object 288P is currently the only known

comet-like object that is also a gravitationally bound binary system. While bi-

naries are common in the asteroid population, 288P is special even among these

because of its combination of two similarly sized components and wide separa-

tion of about 100 times the object radius.
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Possible formation scenarios include the likely involvement of rotational split-

ting, radiation-induced torques and outgassing-induced torques, but the detailed

evolutionary history of the system remains to be understood. A key question in

this context is whether one or both components are active.

We present data obtained with the Hubble Space Telescope in autumn 2021

that show the onset of activity in 288P as it approached perihelion.

EP 4: Planets and Small bodies
Time: Tuesday 14:00–15:35 Location: EP-H1

Invited Talk EP 4.1 Tue 14:00 EP-H1
Exploration of the Jupiter system with a small submillimetre wave telescope
onboard the JUICE satellite — ∙Paul Hartogh — Justus-von-Liebig-Weg 3,
37077 Göttingen, Germany

JUICE - JUpiter ICy moons Explorer it the �rst large class mission of ESA’s Cos-

mic Vision 2015 - 2025 program.�e JUICE satellite is planned to be launched

in 2023 and will arrive in 2032. �e primary mission in the Jupiter system will

take about three years.�e focus of the mission is Jupiter itself and the Galilean

satellites, their internal oceans and potential habitability. Recent ground-based

observations of Europa andGanymede showedwater vapor plumes, probably re-

lated to geysers on their surfaces. JUICE intends to identify the geysers, monitor

their potential activity and molecular and isotopic composition in order to con-

strain satellite formation models and development processes (of chemical, phys-

ical and potentially biologic nature) in the interior of their oceans. Jupiter itself

is seen as an archetype of a gas giant. A better understanding of its atmospheric

processes will be a baseline for a better understanding of gas giants outside our

solar system. JUICE will characterize the general circulation of Jupiter’s atmo-

sphere, its meteorology, chemistry and structure between the upper cloud deck

and the ionosphere and magnetosphere. �e Submillimetre Wave Instrument

(SWI) is part of the JUICE science payload. SWI covers two spectral bands be-

tween 530 and 1275 GHz. �e SWI functionalities and speci�cations as well as

required technology developments during the last decades and how the unique

capabilities of SWI will help to answer JUICE key science questions will be pre-

sented.

EP 4.2 Tue 14:30 EP-H1
A PE-based radio propagation simulation for glaciers and ice moons with
depth-dependent permittivity pro�les — ∙Gianluca Boccarella, Alex
Kyriacou, and Pia Friend—Bergische Universität Wuppertal, Gaußstraße 20,

42119 Wuppertal

Enceladus Explorer (EnEx) is an initiative from the DLR to develop a melting

probe that can reach a near surface water pocket on the ice moon Enceladus

to search for microbial life. To �nd the water pocket a radar imaging system

is needed, but the unknown permittivity of the surface ice will a�ect the accu-

racy of the measurements. We present an ice layering model of Enceladus in-

cluding dielectric properties for the di�erent types of ice layers, derived from

Cassini data. We introduce a simulation which utilises Parabolic Equations (PE)

to model radio propagation through inhomogeneous dielectric media such as

ice environments on terrestrial glaciers or ice moons. Target objects embedded

in the ice can be identi�ed together with further re�ections from the interface

layers in the time-domain spectrum. By extracting the time of �ight of respective

re�ected signals one can calculate the distance from the antennae to the target.

Radar images, which would be obtained if a transmitter and receiver were placed

on the melting probe moving vertically downwards through the ice, can be sim-

ulated and compared to each other for di�erent permittivity pro�les and targets.

*�is project is funded by the Enceladus Explorer Initiative of the DLR Space

Administration

EP 4.3 Tue 14:45 EP-H1
On the Subsurface Exploration of Ocean Worlds in the Outer Solar Sys-
tem with the TRIPLE project — ∙Mia Giang Do

1
, Jan Audehm

1
, Dirk

Heinen
1
, Johanna Hermannsgabner

1
, Sharif El Mentawi

1
, Andreas

Nöll
1
, Shreyans Sakhare

1
, Christopher Wiebusch

1
, Yuting Ye

1
, Simon

Zierke
1
, Clemens Espe

2
, Marco Feldmann

2
, and Gero Francke

2
for the

TRIPLE-nanoAUV-Collaboration —
1
RWTH Aachen University - Physics In-

stitute III B, Aachen, Germany —
2
GSI - Gesellscha� für Systementwicklung

und Instrumentierung mbH, Aachen, Germany

In search of extraterrestrial life, the icy moons in the solar system are prime tar-

gets as they are suspected to harbor a subsurface ocean of liquid water. Future

space missions to explore these subsurface ocean worlds are of great interest. A

mission scenario includes landing on the surface, penetrating through the mas-

sive ice shell with a probe, and diving into the ocean with an underwater vehi-

cle that is collecting samples for identifying potential habitats. Within TRIPLE

(Technologies for Rapid Ice Penetration and subglacial Lake Exploration), a sys-

tem containing three components: a melting probe, a miniaturized autonomous

underwater vehicle and an in-situ astrobiological laboratory, is in development.

Aiming for a mission to Jupiter’s moon Europa, the system will be tested in

an analogue environment in Antarctica. �e talk will give an overview of the

TRIPLE project with a focus on the technological challenges of themelting probe

and the latest status of the system. TRIPLE is a project line that has been initiated

by the German Space Agency at DLR.

EP 4.4 Tue 15:00 EP-H1
TRIPLE-IceCra� - A Retrievable Melting Probe to Transport Scienti�c Pay-
loads into Subglacial Lakes or Oceans— ∙DirkHeinen1

, Simon Zierke
1
, Jan

Audehm
1
, Mia Giang Do

1
, Yuting Ye

1
, ChristopherWiebusch

1
, Marco

Feldmann
2
, Gero Francke

2
, and Clemens Espe

2
—

1
RWTHAachen Univer-

sity, III. Physikalisches Institut B, Otto-Blumenthal-Str., 52074 Aachen —
2
GSI

- Gesellscha� für Systementwicklung und Instrumentierung mbH, Liebigstraße

26, 52070 Aachen

Within TRIPLE, initiated by the German Space Agency at DLR, Technologies

for Rapid Ice Penetration and subglacial Lake Exploration are being researched.

TRIPLE aims to explore the subglacial ocean of the Jovianmoon Europa. Prior to

this �ight mission a technology demonstration is planned in Antarctica. For ac-

cessing the subglacial water reservoir, a drill or melting probe needs to penetrate

the ice �rst.

�e TRIPLE-IceCra� melting probe is currently in development. It is a mod-

ular bus system for transporting standardized payloads through ice.�e design

will be suitable for transporting a scienti�c payload through several hundredme-

ters of ice, penetrating into a subglacial ocean or lake, and returning later to the

surface.�e TRIPLE-IceCra� will be demonstrated in an analog scenario at the

Ekström Ice Shelf in Antarctica in 2023. In this talk we present the design and

�rst results on subsystem tests of the TRIPLE-IceCra�.

EP 4.5 Tue 15:15 EP-H1
TRIPLE-IceCra�: A retrievablemelting probe for transporting scienti�c pay-
loads through glacial ice — ∙Simon Zierke1, Dirk Heinen1

, Jan Audehm
1
,

MiaGiangDo
1
, YutingYe

1
, ChristopherWiebusch

1
, Marco Feldmann

2
,

Gero Francke
2
, and Clemens Espe

2
—

1
RWTH Aachen University - Physics

Institute III B, Aachen, Germany —
2
GSI - Gesellscha� für Systementwicklung

und Instrumentierung mbH, Aachen, Germany

�e exploration of subglacial worlds is one of the greatest technological chal-

lenges for both space science and terrestrial glaciology. Within TRIPLE, initiated

by the German Space Agency at DLR, technologies are being developed to ad-

dress these challenges. One of the projects within TRIPLE is TRIPLE-IceCra�.

Its goal is the development of an electrothermal drill as a terrestrial demonstra-

tor for transporting payloads through an ice sheet of several hundred meters at

a drilling velocity of several meters per hour. �e same-named drill, TRIPLE-

IceCra�, is a modular system including a cable which can be coiled and uncoiled

into a dedicated compartment.�e cable bears the weight of the drill and is used

for communication and power.�is allows the refreezing of themelt hole includ-

ing the cable, so it can be operated even in cold glacial ice. �e demonstration

of the TRIPLE-IceCra� is planned close to the Antarctic research station Neu-

mayer III located on the Ekström Ice Shelf in 2023. In this poster, we focus on

the technical design of the TRIPLE-IceCra�.

EP 4.6 Tue 15:25 EP-H1
�e In-Ice Sonar System for the TRIPLE Fore�eld Reconnaissance System—
∙Jan Audehm, Ben Burgmann, Mia Giang Do, Sharif El Mentawi, Dirk

Heinen, Johanna Hermannsgabner, Andreas Nöll, Shreyans Sakhare,

Christopher Wiebusch, Yuting Ye, and Simon Zierke — RWTH Aachen

University - Physics Institute III B, Aachen, Germany

�e icy moons Europa and Enceladus belong to the most interesting sites for the

search of extra-terrestrial life in the solar system. It is assumed that in the oceans

beneath their thick ice crusts preconditions for the emergence of life are ful�lled.

In the TRIPLE-project Technologies for Rapid Ice Penetration and subglacial

Lake Exploration are developed to enable future explorationmissions to the sub-

surface oceans of icy moons. �ese technologies will be demonstrated in a ter-

restrial analog scenario in Antarctica. Here, a melting probe will transport a

small autonomous underwater vehicle (TRIPLE-nanoAUV) through the ice to

an underlying water reservoir.

For this mission it is of great importance that the probe avoids obstacles on

the path through the ice and can detect the transition between ice and water

to anchor there. �is task is addressed by TRIPLE-FRS being a Fore�eld Re-

connaissance System using a hybrid system consisting of a radar, a sonar, and

a permittivity sensor. Combining the complementary techniques assures a high

performance of the FRS in ice aswell as inwater.�is poster presents our concept

for the sonar system and simulations of the acoustic transducer characteristics.
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EP 5: Near Earth Space
Time: Tuesday 16:15–18:45 Location: EP-H1

Invited Talk EP 5.1 Tue 16:15 EP-H1
Investigating Earth’s atmosphere and ionosphere from space: How GNSS ra-
dio occultation measurements contribute to monitor the atmosphere in a
high spatial resolution — ∙Christina Arras1, Ankur Kepkar1,2, and Jens
Wickert

1,2
—

1
German Research Centre for Geosciences GFZ, Potsdam, Ger-

many —
2
Technische Universität Berlin, Germany

�e GNSS radio occultation (RO) technique has been established successfully

during the previous two decades. It evolved into a valuable observation tool for

precise atmospheric and ionospheric vertical pro�ling. Radio occultation mea-

surements provide globally distributed precise pro�les of the refractivity of the

Earth’s atmosphere that can be converted into pro�les of temperature, pressure,

and water vapor in the lower neutral atmosphere and into electron density val-

ues in the ionosphere. Until today, there are about 14 million RO recordings

available.

GNSS RO signals are very sensitive to vertical electron density gradients in the

Earth’s ionosphere.�is becomes visible as strong �uctuations in, e.g., signal-to-

noise ratio recordings, which allow detecting ionospheric disturbances like spo-

radic E layers in the lower ionospheric E region and equatorial plasma bubbles

in the F-layer.

In this presentation, we will give an overview on RO data availability. We will

review the data analysis to derive information on ionospheric disturbances in the

E and F layer. Further, we discuss the sporadic E and plasma bubble formations

that result from complex coupling processes in the thermosphere-ionosphere-

magnetosphere system.

EP 5.2 Tue 16:45 EP-H1
Measurements of cosmic rays by a mini neutronmonitor aboard the German
research vessel Polarstern — ∙M. Zoska1, S. Banjac1, S. Burmeister1, H.
Giese

1
, B.Heber

1
, K.Herbst

1
, L. Romaneesen

1
, C. Schwerdt

2
, D. Strauss

3
,

C. Wallmann
1
, and M. Walter

1
—

1
Christian-Albrechts-Universität Kiel,

Germany —
2
Deutsches Elektronen-Synchrotron Zeuthen, Germany —

3
North

West University, Potchefstroom, South Africa

Galactic cosmic rays (GCRs) are a direct sample of material from far beyond

the solar system. Measurements by various particle detectors have shown that

the intensity varies on di�erent timescales, caused by the Sun’s activity. Many

studies on GCR intensity decreases are based on the analysis of ground-based

neutron monitors. �eir measurements depend on the geomagnetic position,

and the processes in the Earth’s atmosphere. In order to get a better understand-

ing of the geomagnetic �lter over the solar cycle, the above groups agreed on

a continous monitoring of the GCR �ux as a function of latitude, by installing

a portable device aboard the German research vessel Polarstern in 2012. �e

vessel is ideally suited for this research campaign because it covers extensive ge-

omagnetic latitudes (i.e. goes from the Arctic to the Antarctic) at least once per

year. Here we present themeasurements for di�erent latitude surveys including

the solar maximum in 2014 and solar minimum in 2019.

�e Kiel team received funding from the European Union Horizon 2020 pro-

gramme under grant agreement No 870405. We thank the crew of the Polarstern

and the AWI for supporting our research campaign.

EP 5.3 Tue 17:00 EP-H1
Utilizing Cosmic Ray data as input for neutron-based soil moisturemeasure-
ment— ∙Hanna Giese1, BerndHeber1, KonstantinHerbst1, and Martin

Schrön
2
—

1
Institut für Experimentelle und Angewandte Physik, Christian-

Albrechts-Universität zu Kiel, Kiel, Germany—
2
UFZHelmholtz Center for En-

vironmental Research, Leipzig, Germany

Neutrons on Earth interact with the soil and are substantially moderated by hy-

drogen atoms. Since the re�ected neutron �ux is a function of the soil water

content, cosmic-ray neutron measurements above the ground can be used to es-

timate the average �eld soil moisture. �us, if the local incoming neutron �ux

and the abundance of nearby hydrogen pools are known, the re�ected neutron

�ux could be modeled and compared to observed detector count rates. How-

ever, the incoming neutrons are secondaries produced by interacting energetic

Galactic Cosmic Rays (GCRs) in the atmosphere. �e total neutron �ux on the

ground depends on the solar modulation-dependent GCR �ux, the geomagnetic

position, and the altitude within the atmosphere. So far, measurements of either

the Jungfraujoch neutron monitor (NM) or a NM of similar cuto� rigidity have

been used and altered to estimate the neutron �ux at the position of each neutron

detector. In this contribution we present a new method based on the Dorman

function to directly compute the local neutron �ux using remote neutron mon-

itor data.

We received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No. 870405

EP 5.4 Tue 17:15 EP-H1
Empirical modelling of SSUSI-derived auroral ionization rates — ∙Stefan
Bender

1,2
, Patrick Espy

1,2
, and Larry Paxton

3
—

1
Norwegian University of

Science and Technology, Trondheim, Norway —
2
Birkeland Centre for Space

Science, Bergen, Norway —
3
APL, Johns Hopkins University, Laurel, Maryland,

USA
Solar, auroral, and radiation belt electrons enter the atmosphere at polar re-

gions leading to ionization and a�ecting its chemistry. Climate models usually

parametrize this ionization and the related changes in chemistry based on satel-

lite particle measurements. Precise measurements of the particle and energy in-

�ux into the upper atmosphere are di�cult because they vary substantially in

location and time. Widely used particle data are derived from the POES and

GOES satellite measurements which provide in-situ electron and proton spec-

tra.

Here we use the electron energy and �ux data products from the Special Sen-

sor Ultraviolet Spectrographic Imager (SSUSI) instruments on board the De-

fense Meteorological Satellite Program (DMSP) satellites. �e currently three

operating satellites directly observe the auroral emissions in the UV from which

electron energies and �uxes are inferred in the range from 2 keV to 20 keV. We

use these observed electron energies and �uxes to calculate auroral ionization

rates in the lower thermosphere (90–150 km). We present an empirical model of

these ionization rates according tomagnetic local time and geomagnetic latitude.

�e model is based on geomagnetic and solar �ux indices and will be particu-

larly targeted for use in climate models that include the upper atmosphere, such

as WACCM-X or EDI�.

Invited Talk EP 5.5 Tue 17:30 EP-H1
Solar extreme events and their impact on themiddle atmosphere— ∙Thomas
Reddmann

1
, Monali Borthakur

1
, Miriam Sinnhuber

1
, Ilya Usoskin

2
,

and Jan-Maik Wissing
3
—

1
Karlsruhe Institute of Technology, Germany —

2
University of Oulu, Finland —

3
University of Rostock, Germany

�e Sun occasionally produces strong eruptions on its surface and in the corona.

Within these strong eruptions, energetic particles are accelerated to high ener-

gies which hit the Earth within hours a�er the event. In addition, ejected plasma

clouds can be accelerated towards the Earth causing severe geomagnetic distur-

bances which also cause particle precipitation. Here we study the impact of a one

per millenium solar event on the atmosphere.

We use historical records and analyzed distributions of energy spectra to de-

rive ionization rates for a combined extreme solar proton event and a geomag-

netic stormwhich typically impact di�erent parts of the atmosphere.�e ioniza-

tion rates for the extreme event are then used in simulations in the KASIMA and

EMAC model which both include energetic particle induced chemistry. �eir

simpli�ed production e�ciency of NOx and HOx is compared to an ion chem-

istrymodel. We select speci�c dynamical situations for the event which represent

a di�erent vertical coupling in the atmosphere. Finally, we estimate the impact

of the extreme event under those di�erent dynamical situations on the chemical

state in the atmosphere on the seasonal time scale in terms of ozone change and

the global NOx budget together with the additional UV dose.

EP 5.6 Tue 18:00 EP-H1
Impact of chlorine ion chemistry on the ozone loss during very large so-
lar proton events — ∙Monali Borthakur

1
, Thomas Reddmann

1
, Miriam

Sinnhuber
1
, Gabrielle Stiller

1
, Thomas Von Clarmann

1
, and Ilya

Usoskin
2
—

1
Karlsruhe Institute of Technology, Karlsruhe, Germany —

2
University of Oulu, Oulu, Finland

Strong eruptions on the Sun can accelerate charged particles, mostly protons, to

high energies, causing solar proton events (SPEs). Such energetic particles can

precipitate upon the Earth’s atmosphere, mostly in polar regions because of the

geomagnetic shielding. SPE induced chlorine activation and its impact on strato-

spheric ozone in the polar northern atmosphere has been investigated using a 1D

stacked-box model, of atmospheric ion and neutral composition, EXOTIC. Two

SPEs were used as test �elds: the Halloween SPE late October 2003 and an ex-

treme event of 775 AD, which was derived from historical records of cosmogenic

nuclides. We used observations of chlorine species and ozone from the Michel-

son Interferometer for Passive Atmospheric Sounding (MIPAS) on ENVISAT to

evaluate model results for the Halloween event. Model experiments were carried

out with full ion chemistry as well as with a common parameterisation scheme

considering the formation of HOx and NOx. Additional ozone destruction due

to the chlorine catalytic cycles was observed as well in the upper stratosphere

and lower mesosphere. For the parameterised model runs, ozone depletion was

observed to be the largest for full parameterisation.
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EP 5.7 Tue 18:15 EP-H1
Ring current electron precipitation during storm events — ∙Alina
Grishina

1,2
, Yuri Shprits

1,2,3
, MichaelWutzig

1
, HayleyAllison

1
, Nikita

Aseev
1,2
, Dedong Wang

1
, and Matyas Szabo-Roberts

1,2
—

1
GFZ Pots-

dam, Potsdam, Germany —
2
University of Potsdam, Potsdam, Germany —

3
University of California, Los Angeles, Los Angeles, CA, USA

�e particle �ux in the near-Earth environment can increase by orders of mag-

nitude during geomagnetically active periods. �is leads to intensi�cation of

particle precipitation into Earth’s atmosphere. �e process potentially further

a�ects atmospheric chemistry and temperature.

In this research, we concentrate on ring current electrons and investigate pre-

cipitation mechanisms on a short time scale using a numerical model based on

the Fokker-Planck equation. We focus on understanding which kind of geomag-

netic storm leads to stronger electron precipitation. For that, we considered two

storms, corotating interaction region (CIR) and coronal mass ejection (CME)

driven, and quanti�ed impact on ring current. We validated results using ob-

servations made by POES satellite mission, low Earth orbiting meteorological

satellites, and Van Allen Probes, and produced a dataset of precipitated �uxes

that covers energy range from 1 keV to 1 MeV.

EP 5.8 Tue 18:30 EP-H1
Solar energetic particle event on 28October 2021 as seen by the neutronmon-
itor network — ∙Christian Steigies1 and Rolf Bütikofer2 — 1

Christian-

Albrechts-Universität zu Kiel, Germany —
2
Universität Bern, Switzerland

�e �rst solar energetic particle event during the current solar cycle 25 observed

on ground, a so-called ground level enhancement (GLE), was detected on 28Oc-

tober 2021 by a few neutronmonitors of the worldwide network. At 16:09UT the

Athens GLE Alert system issued successfully an automatic alert. A�er the ini-

tial rapid increase in cosmic ray (CR) intensity, it slowly declined to background

level within several hours. During times of raised CR intensities, the ionization

rates in the atmosphere are increased and thereby radiation dose rates at air-

cra� altitudes may be enhanced depending on the location and the altitude. We

present a �rst GLE analysis and assess the additional radiation doses that may be

acquired on selected �ight routes.

EP 6: Astrophysics
Time: Wednesday 11:00–13:15 Location: EP-H1

Invited Talk EP 6.1 Wed 11:00 EP-H1
�ree-dimensional topology-driven magnetic reconnection — ∙Raquel
Mäusle

1
, Jean-Mathieu Teissier

1
, and Wolf-Christian Müller

1,2
—

1
Technische Universität Berlin, Berlin, Germany —

2
Max-Planck/Princeton

Center for Plasma Physics, Princeton, NJ, USA

Magnetic reconnection is a dissipative process, by which the magnetic �eld

structure within a plasma is changed. It is important in many astrophysical sys-

tems, such as the Sun’s corona, where it is believed to be of importance for the

generation of solar �ares.

We study a three-dimensional model of magnetic reconnection driven by

magnetic �eld topology. Magnetic �eld lines in three-dimensional systems have

the tendency to become highly entangled, making them exponentially sensitive

to very small non-ideal e�ects.�erefore, entanglement could be the dominant

mechanism for fast reconnection in low-resistivity plasmas, requiring far smaller

current densities than otherwise needed. We investigate this model numerically

using a fourth-order �nite-volume scheme to solve the magnetohydrodynamic

(MHD) equations. We start from a system with an initially constant magnetic

�eld and line-tied boundaries, and drive it into a chaotic state in which reconnec-

tion is occuring. We study the dynamics of this system, the correlation between

the �eld line entanglement and the occurrence of reconnection events, as well as

the dependence of the reconnection rate on the resistivity.

In this talk I will introduce the model and numerical method employed and

present our preliminary results.

EP 6.2 Wed 11:30 EP-H1
Very high-order subsonicmagnetohydrodynamics solvers— ∙Jean-Mathieu

Teissier
1
and Wolf-ChristianMüller

1,2
—

1
Technische Universität Berlin,

Berlin, Germany —
2
Max-Planck/Princeton Center for Plasma Physics, Prince-

ton, NJ, USA

Magnetohydrodynamics (MHD) solvers are very important tools to analyze the

large-scale, long time behaviour of astrophysical plasmas. Direct numerical sim-

ulations are however linked with high computational costs, so that a trade-o� be-

tween accuracy of the results and the available resources has to bemade. Higher-

order solvers, i.e. solvers with a discretization order strictly higher than two, can

typically achieve higher accuracy at a lower resolution than second-order ones,

leading to an overall gain in performance. However, with increasing discretiza-

tion order, solvers based on 3D-reconstructions may become prohibitively ex-

pensive. We present a �nite-volume dimension-by-dimension method which

allows to solve for the MHD equations at arbitrarily high discretization orders

(we show results up to order ten), while maintaining a�ordable numerical costs

for 3D problems. �e magnetic �eld solenoidality is preserved up to machine

precision with the constrained-transport approach.�e study is limited to sub-

sonic systems since shocks are not handled properly by higher-order methods.

For a discretization order of six and above, the numerical dissipation is too low

to prevent a pile-up of energy at small scales in turbulent systems, so that explicit

di�usive terms need to be added. We present a formulation to do so, respecting

the �nite-volume and the constrained-transport frameworks.

EP 6.3 Wed 11:45 EP-H1
ComPol - A Compton polarimeter in a Nanosat— ∙MatthiasMeier for the

ComPol-Collaboration — Excellence Cluster ORIGINS, Garching, Germany —

Technical University of Munich (TUM), Munich, Germany — Max-Planck In-

stitute for Physics (MPP), Munich, Germany

�e possibilities to investigate astrophysical compact objects are strongly lim-

ited. Due to the small size of these objects it is hardly possible to resolve their

geometry. �e CubeSat mission ComPol will investigate the black hole binary

system Cygnus X-1.�e goal is to improve its physical model by measuring the

polarization of the hard X-ray spectrum. �e information about the polariza-

tion can be extracted from the kinematics of the Compton scattering. A Silicon

dri� detector (SDD) is used as a scatterer. �e SDD is stacked onto a CeBr3

calorimeter to be able to measure the full kinematics.

�e talk will give an overview of the scienti�c motivation, the underlying

physics and the detector setup.

�is research was supported by the Excellence Cluster ORIGINS which

is funded by the Deutsche Forschungsgemeinscha� (DFG, German Research

Foundation) under Germany’s Excellence Strategy - EXC-2094-390783311

EP 6.4 Wed 12:00 EP-H1
A background study via simulations for the ComPol CubeSat experiment
— ∙Cynthia Glas for the ComPol-Collaboration — Max-Planck-Institut für
Physik, München, Deutschland — Technische Universität München, Deutsch-

land
�e objective of the CubeSat mission ComPol is to investigate the black hole bi-

nary Cygnus X-1 and to improve its physical model by measuring spectrum and

polarization in the hard X-ray range.�e information about the polarization can

be extracted from the kinematics of Compton scattering.

To ensure a correct measurement, all physical processes occurring in the de-

tectors, as well as common background sources need to be understood in ad-

vance.�erefore, the response of the setup to cosmic radiation in low earth orbit,

as well as the south Atlantic anomaly is simulated with the Monte Carlo toolkit

Geant4. Special focus was set on the cosmogenic activation of the CubeSat mate-

rial. In order to determine which orbits are suitable for the ComPol mission, the

activation of each material and the in�uence of radioactive decays originating

from this activation on the individual detectors are studied in detail. To opti-

mize the shielding strategy, simulations with di�erent shielding con�gurations

were performed. �e talk will give an overview of the performed simulations,

present the conclusions drawn from them, as well as discuss di�erent shielding

con�gurations.

�is research was supported by the Excellence Cluster ORIGINS, which

is funded by the Deutsche Forschungsgemeinscha� (DFG, German Research

Foundation) under Germany*s Excellence Strategy.

EP 6.5 Wed 12:15 EP-H1
ComPol’s way to space - preparing a CubeSat Compton Telescope for its in
orbit veri�cation (IOV) at the ISS— ∙KatrinGeigenberger for the ComPol-
Collaboration—Max-Planck Institute for Physics (MPP), Munich, Germany—

Technical University of Munich (TUM), Munich, Germany

ComPol will be a 3U-CubeSat with a Compton polarimeter consisting of a Sil-

icon Dri� Detector and a CeBr3 calorimeter. It will perform a long-term mea-

surement of Cygnus X-1 in the hard X-ray range. �e goal is to determine the

polarization between 20 and 300 keV - a region where the polarization of Cygnus

X-1 was hardly observed before.�is talk is about the steps towards the �rst big

milestone: a scaled-down version of ComPol’s future instrumentation will be

operated along with essential parts of the CubeSat bus on an external platform

aboard the International Space Station (ISS).�is IOV-mission will be a �rst real

life demonstration of the detector system in space environment (background ra-

diation, thermal loads and vacuum). �e goal is to receive and process coinci-

dent signals from both detectors and to determine the in�uence of solar, x-ray,

and cosmic radiation backgrounds. An overview of the current status of both

mechanical and electrical hardware for the very �rst ComPol prototype will be
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given with focus on the space-mission speci�c challenges: e.g. shortage of room,

protection of the sensitive detectors from solar radiation, constraints due to vac-

uum, and the investigation of the behavior at launch loads. �is research was

supported by the Excellence Cluster ORIGINS which is funded by the Deutsche

Forschungsgemeinscha� (DFG).

EP 6.6 Wed 12:30 EP-H1
Stochastic Fluctuations of Cosmic Rays: From Voyager Data to Ionization
Rate in Molecular Clouds — ∙Vo Hong Minh Phan

1
, Florian Schulze

1
,

Philipp Mertsch
1
, Sarah Recchia

2
, and Stefano Gabici

3
—

1
Institute for

�eoretical Particle Physics and Cosmology (TTK), RWTH Aachen University,

Aachen, Germany—
2
Dipartimento di Fisica, Universitá di Torino, Torino, Italy

—
3
University of Paris, CNRS, Astroparticule et Cosmologie, Paris, France

Data from the Voyager probes have provided us with the �rst measurement of

cosmic ray intensities at MeV energies, an energy range that had previously not

been explored. Simple extrapolations ofmodels that �t data at GeV energies, e.g.,

from AMS-02, however, fail to reproduce the Voyager data in that the predicted

intensities are too high. O�entimes, this discrepancy is addressed by adding a

break to the source spectrum or the di�usion coe�cient in an ad hoc fashion,

with a convincing physical explanation yet to be provided. In this talk, we will

show that the discrete nature of cosmic-ray sources, which is usually ignored, is

instead a more likely explanation. We model the distribution of intensities ex-

pected from a statistical model of discrete sources and show that its expectation

value is not representative but has a spectral shape di�erent from that for a typi-

cal con�guration of sources.�e Voyager proton and electron data are however

compatible with the median of the intensity distribution. We will also discuss

some preliminary results concerning the ionization rate induced by low-energy

cosmic rays in molecular clouds.

EP 6.7 Wed 12:45 EP-H1
E�cient numerical simulations of dynamical cosmic-ray transport —
∙Stefan Kis1, Pranab Deka2, Ralf Kissmann1

, and Lukas Einkemmer
2

—
1
Institut für Astro- und Teilchenphysik, Leopold-Franzens-Universität Inns-

bruck, A-6020 Innsbruck, Austria —
2
Institut für Mathematik, Leopold-

Franzens-Universität Innsbruck, A-6020 Innsbruck, Austria

Understanding the transport of charged particles in the Galaxy requires numeri-

cally solving a parabolic linear partial di�erential equation known as the cosmic-

ray transport equation. Various codes aim at doing so, however most rely on a

single approach in solving the time dependent problem and some do not provide

substantial testing grounds for their solvers. We present a study case for various

numerical time integrator schemes employed in solving the dynamical cosmic-

ray transport equation. We asses the stability of the time integrator schemes and

compare the numerical output against an analytical solution to determine their

accuracy as well as judge their e�ciency in the context of cosmic-ray transport.

EP 6.8 Wed 13:00 EP-H1
Relativistic regularized kappa distributions — ∙Linh Han Thanh — Ruhr-
Universität Bochum
Within the framework of relativistic kinetic theory, a special relativistic gen-

eralization of isotropic kappa distributions is proposed, based on the require-

ment that in the non-relativistic limit the original distributions are recovered.

By studying the moments, it is found that the relativistic description of the stan-

dard kappa distribution leads to an even greater restriction on allowed kappa

values than in the non-relativistic case, whereas the relativistic regularized kappa

distribution is able to remove all divergences.

EP 7: Astrophysics
Time: Wednesday 16:15–18:50 Location: EP-H1

EP 7.1 Wed 16:15 EP-H1
Comparison of HAWC’s Eye data and Monte Carlo simulations — ∙Mark

Meyers for the HAWC’s Eye-Collaboration — Physics Institute III A, RWTH

Aachen, Germany

HAWC’s Eye is an array of Imaging Air-Cherenkov Telescopes which runs in co-

incidence with theHigh altitudewater cherenkov observatory (HAWC), forming

the �rst hybrid detector for cherenkov light, observing high energetic gamma

rays and cosmic rays in the range of 100 GeV to 100 TeV.�e goal is to enhance

the performance, by improving the energy calibration and arrival direction re-

construction. In a Monte Carlo simulation, extensive air showers of protons and

gammas are observed by an array of 55 telescopes. Properties of the produced

detector images in the single telescopes are compared to those that have been

produced in measurements, to verify the simulation.�ese measurements were

obtained in stereo observations with two telescopes in three campaigns during

the years 2019 and 2020. Potential ways to improve the simulation according to

the obtained results will be investigated.

EP 7.2 Wed 16:30 EP-H1
Indication for a local source in the Northern Hemisphere from the joined en-
ergy spectrum andmass composition �t of the Pierre Auger Observatory and
Telescope Array experiment— ∙Pavlo Plotko1

, Arjen van Vliet
1
, Xavier

Rodrigues
1
, Domenik Ehlert

2
, and Walter Winter

1
—

1
DESY, Platane-

nallee 6, 15738 Zeuthen, Germany —
2
Institutt for fysikk, NTNU, Trondheim,

Norway

�e Pierre Auger Observatory (PAO) and Telescope Array (TA) energy spec-

trum working groups report signi�cant di�erences for the energy spectra above

10
19.5
eV for the full �elds of view of both experiments. In this work, we present

a joined �t to the energy spectrum and mass composition measured by TA and

PAO. Our �tting procedure includes the systematic uncertainty for both exper-

iments. We carry out a detailed 3D model of UHECR sources that depends on

the cosmological source evolution and a universal spectral power-law index and

maximal rigidity. UHECR propagation is simulated within the "Propagation in-

cluding Nuclear Cascade equations" (PriNCe) framework. Our �t results suggest

that a local source in the Northern Hemisphere, that is only visible by the TA

experiment, can reconcile PAO and TA measurements. For this proposed local

source we discuss two possibilities: First, an object located at a few hundredMpc

with a heavy composition (corresponding to our best �t) and second a source at

an even closer distance with a lighter composition (within the 1σ interval of our
�t). Finally, we discuss possible source candidates taking into account the latest

results of the TA hotspots.

EP 7.3 Wed 16:45 EP-H1
Measurement of the mass composition of ultra-high energy cosmic rays at
the Pierre Auger Observatory using a novel model based on air-shower uni-
versality—Markus Roth, David Schmidt, ∙Maximilian Stadelmaier, and

Darko Veberic—KIT, Karlsurhe, Germany

We present a model of extensive air showers that is based on the implications of

air-shower universality.�e model comprises the spatial and temporal densities

of particles expected from extensive air-showers induced by cosmic rays.�ere-

with, the depth of the shower maximum and the relative muon content of an air

shower can be reconstructed solely from data collected by the surface detector of

the Pierre Auger Observatory and the upgraded AugerPrime. Using these two

observables, the logarithmic atomic mass of cosmic rays can be reconstructed

on an event-by-event basis with su�cient accuracy to discriminate light from

heavy primary particles. �e method is calibrated using hybrid measurements

from the surface detector and the �uorescence telescopes of Auger. Furthermore,

we present results on the mass composition of ultra high-energy cosmic rays as

estimated using the universality-based reconstruction.

EP 7.4 Wed 17:00 EP-H1
Analytic examination of AGN variability in a two-zone model — ∙Vito
Aberham and Felix Spanier— Institut für�eoretische Astrophysik, Albert-

Ueberle-Straße 2, 69120 Heidelberg

�e variability of active galactic nuclei is examined analytically using a two-zone

model that injects particles in a monoenergetic fashion.�e elemental PDEs of

both zones are solved neglecting terms behaving as second-order Fermi acceler-

ation.�e time-dependent behavior of the obtained particle distributions is in-

spected by employing a variable source function. As time approaches in�nity the

steady state distribution functions are recovered displaying the expected spec-

tral indices. Being typical for BL Lac objects parameter estimates from a model

�tting the SED of the blazar TXS 0506+056 are incorporated. Corresponding

photon and neutrino �uxes in both local jet and earth frame are determined and

compared to observations.�e general time-dependence of photon light curves

in various bands and the neutrino �ux is evaluated by implementing a time-

dependent initial source function.�e variability timescales of relevant quanti-

ties are ultimately inferred also considering the e�ect of di�erent particle species.

It is demonstrated how the analytical results can be utilized to cross-check results

from numerical simulation as well as to interpret observational data collected at

di�erent times.
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EP 7.5 Wed 17:15 EP-H1
ExHaLe-jet: An extended hadro-leptonic jet model for blazars— ∙Michael

Zacharias
1,2
, Anita Reimer

3
, Catherine Boisson

1
, and Andreas Zech

1
—

1
LUTH, Observatoire de Paris, Meudon, France —

2
Centre for Space Research,

North-West University, Potchefstroom, South Africa —
3
Institut für Astro- und

Teilchenphysik, Universität Innsbruck, Austria

Blazars – active galaxies with the jet pointing at Earth – emit across all electro-

magnetic wavelengths. �e so-called tne-zone model has described well both

quiescent and �aring states, however it cannot explain the radio emission. In or-

der to self-consistently describe the entire electromagnetic spectrum, extended

jet models are necessary. Notably, kinetic descriptions of extended jets can pro-

vide the temporal and spatial evolution of the particle species and the full elec-

tromagnetic output. Here, we present the initial results of a recently developed

lepto-hadronic, extended-jet code. As protons take much longer than electrons

to lose their energy, they can transport energy over much larger distances than

electrons and are therefore essential for the energy transport in the jet. Further-

more, protons can inject additional leptons through pion production and decay,

as well as Bethe-Heitler pair production, which can explain a dominant leptonic

radiation signal while still producing neutrinos. We will present a detailed pa-

rameter study and provide insights into the di�erent blazar sub-classes.

EP 7.6 Wed 17:30 EP-H1
Modeling the leptonic origin of the low-frequency emission from blazar PKS
1502+106— ∙Frederike Apel— Ruhr-Universität Bochum
In this work, we model the multi-wavelength emission from the blazar PKS

1502+106.�is object is a candidate source of a high-energy neutrino observed

by the IceCube experiment in 2019. We show that the emission from the source

in the range from radio to infrared can be well explained by radiative (syn-

chrotron) cooling of electrons accelerated in the relativistic jet. First, we show

how simple analytical considerations can be used to obtain a rough estimate of

the physical parameters of the source. �en, using time-dependent numerical

simulations, we obtain amore accurate result that reproduces the observed spec-

tral energy distribution.�is result sheds light on the physical properties of the

source, and can be used in the future to better constrain its nature as a hadronic

accelerator.

EP 7.7 Wed 17:45 EP-H1
Time-dependent simulations of a Blazar-Flare — ∙Maximilian Albrecht

and Felix Spanier—Universität Heidelberg - ITA

Active galactic nucleis have been discussed as possible accelerators of high-

energy cosmic rays for quite some time. When the Blazar TXS 0506+056 was

identi�ed as the source of the high-energy Muon neutrino (IceCube-170922A)

detected by the IceCube telescope in 2017 as a result of a large-scale multimes-

senger campaign, it was a �rst indication of possible correlations of the increased

spectral activity of such sources and their neutrino production. Studies of this

correlation by simulating the acceleration processes taking place in the jet and

their photon and neutrino emission therefore allow conclusions to be drawn

about the composition of the jet plasma by comparing them with the observed

�uxes. In this talk, the two-zone model UNICORN-0d is used to perform a self-

consistent modeling of the eruption of TXS 0506+056 in 2017 based on the ex-

isting multimessenger data. A special focus will be put upon the data in the very

high energy regime.�e importance of these data being taken simultaneously is

discussed by using time-resolved simulations of an emission �are. In contrast to

previous models this approach addresses the possibility that the data from 2017

might represent di�erent emission-states of the Blazar.

EP 7.8 Wed 18:00 EP-H1
�e candidate tidal disruption event AT2019fdr coincident with a high-
energy neutrino — ∙Simeon Reusch — Deutsches Elektronen Synchrotron

DESY, Platanenallee 6, D-15738 Zeuthen, Germany — Institut für Physik,

Humboldt-Universität zu Berlin, D-12489 Berlin, Germany

�e origins of the high-energy cosmic neutrino �ux remain largely unknown.

Last year, a high-energy neutrino was associated with the tidal disruption event

(TDE) AT2019dsg.

In this talk we present AT2019fdr, an exceptionally luminous TDE candidate,

coincident with another high-energy neutrino detected by IceCube. We will

present observations that further support a TDE origin of this �are. �ese in-

clude a bright dust echo and so� late-time X-ray emission. �e probability of

�nding two such bright events in neutrino follow-up by chance is just 0.034%.

Furthermore, we have evaluated several models for neutrino production and

show that AT2019fdr is capable of producing the observed high-energy neutrino.

�is reinforces the case for TDEs as neutrino sources.

EP 7.9 Wed 18:15 EP-H1
Search for short time-scale transients from the Sculptor galaxy— ∙Annanay
Jaitly—Humboldt-Universität zu Berlin, Berlin, Germany

Astrophysical sources show variability in their emissions over a range of time-

scales. For short time-scale transients like fast radio bursts, no very-high-energy

gamma-ray counterparts have been detected so far and there is a general lack of

tools suited to search for such phenomena. We developed and tested a plugin

for the gammapy python package. It is is a tool capable of searching gamma-ray

telescope data for transient phenomenon over arbitrary timescales. It scans the

given �eld of view for clusters of events within user-de�ned time and angular

separation intervals. To test the performance of said tool, we studied the Sculp-

tor galaxy (NGC 253); it was chosen because Fermi-LAT previously reported a

magnetar giant �are near this source. In this contribution we present the main

features of the developed so�ware, and our results from searching the Sculptor

galaxy for short-timescale candidates using it.

EP 7.10 Wed 18:30 EP-H1
Understanding themulti-wavelength variabilty of TeVblazarVER J0521+211
with high-energy particle interactions — ∙Anastasiia Omeliukh — Ruhr

University Bochum, Faculty of Physics and Astronomy, Astronomical Institute,

Universitätsstr. 150, 44801 Bochum, Germany

In spring 2020, the MAGIC collaboration detected photons with energies above

200 GeV from the source VER J0521+211 which provides evidence of e�cient

particle acceleration in a relativistic jet. �e monitoring of the source’s short-

term variability in very-high-energy gamma rays is complemented by simultane-

ous data from other observatories in radio, optical, X-ray, and GeV gamma rays.

We performmulti-wavelengthmodeling of this sourcewith a fully self-consistent

one-zone leptohadronic model to explain four di�erent multi-wavelength data

sets. While the radio and optical �uxes seem to originate from electron syn-

chrotron emission, in this model the gamma-ray �uxes are well explained by

electromagnetic cascades induced by proton interactions.

EP 7.11 Wed 18:40 EP-H1
Gravitation explained as a physical interaction instead of a geometric space-
time model.— ∙Osvaldo Domann— Stephanstr. 42, 85077 Manching
GR is the theory of gravitation of the SM. It is a mathematical approach from

1915 based on geometric re�ections, arriving to the wondrous concept of space-

time curvature. GR resists all intents of integration into a uni�ed �eld theory

and is not compatible with quantum mechanics. An approach is presented for

a gravitation theory that is based on the representation of a subatomic particle

(SP) as a focal point of rays of Fundamental Particles (FPs) that move from in�-

nite to in�nite.�e energy of a subatomic particle is stored at its FPs as rotation

de�ning angularmomenta. With this representation all SPs interact permanently

through the angular momenta of their FPs.�e approach explains gravitation as

the result of the reintegration of migrated electrons and positrons to their nuclei.

Gravitation is composed of a Newton and an Ampere component, with the New-

ton component dominant at sub galactic distances and the Ampere component

at galactic distances. A positive Ampere component explains the speed �atten-

ing of galaxies and a negative Ampere component the expansion. Neither dark

matter nor dark energy is required and the model is compatible with quantum

mechanics. More at: www.odomann.com

EP 8: Astroparticles: Invited talks (joint session T/EP)
Time:�ursday 11:00–12:30 Location: T-H15

Invited Talk EP 8.1 �u 11:00 T-H15
Borexino looks in the direction of solar neutrinos — ∙Livia Ludhova for
the Borexino-Collaboration — Forschungszentrum Jülich, Jülich, Germany —

RWTH Aachen University, Aachen, Germany

Borexino is a 280-ton liquid scintillator detector located at the LNGS in Italy.

Characterized by an unprecedented radio-purity, it has succeeded in providing

several milestone measurements of MeV-scale neutrinos, with the main focus

on solar neutrinos. �e latter are the only direct probe of the Hydrogen-to-

Helium fusion powering our Sun. �e European Physical Society awarded the

2021 Giuseppe and Vanna Cocconi Prize to the Borexino Collaboration for the

ground-breaking observation of solar neutrinos from the pp chain and CNO

cycle that provided unique and comprehensive tests of the Sun as a nuclear fu-

sion engine. Borexino has developed a new method, Correlated and Integrated

Directionality (CID), to exploit the sub-dominant directional Cherenkov light

in a liquid scintillator detector. �is technique can disentangle the solar neu-

trino signal, correlated with the known position of the Sun, from the isotropic

background. In the region of interest dominated by the signal from 0.862 MeV

Be-7 solar neutrinos, the no-solar neutrino hypothesis has been excluded with
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>5σ C.L.�is novel method is readily applicable to next generation experiments.
�e talk will focus on the recent Borexino solar neutrino results, including the

motivation, analysis details, as well as their interpretation.

Invited Talk EP 8.2 �u 11:30 T-H15
Gravitational waves - a new probe of the early Universe— ∙Valerie Domcke
—CERN, Geneva, Switzerland

Due to their extremely weak interactions with thematter content of theUniverse,

gravitational waves generated right a�er the Big Bang can traverse the Universe

basically unperturbed, carrying information about their production processes

and the expansion history of our Universe. �is makes them a unique probe of

BSM physcis at very high energies. I will talk about possible next steps in this

�eld, including the search for the stochastic gravitational wave background and

new ideas for searching for gravitational waves at ultra-high frequencies.

Invited Talk EP 8.3 �u 12:00 T-H15
Gravitational wave detectors - current and future challenges — ∙Michèle

Heurs— Leibniz Universität Hannover
Since the �rst direct detection in 2015, gravitational wave signals have been en-

riching the �eld of multi-messenger astronomy with insights into formerly “in-

visible” regimes of the universe. Despite their mind-boggling sensitivities, the

current (second) generation of ground-based gravitational wave detectors are

limited by various noise sources in their detection band, in particular quantum

noise, thermal noise, and seismic noise. Next-generation detectors (e.g. Einstein

Telescope, Cosmic Explorer) aim for sensitivities one or two orders ofmagnitude

better even, making innovative techniques for noise reduction ormitigation a re-

quirement. �is talk will present challenges and technical developments on the

road to ever-higher gravitational wave event detection rates.

EP 9: Mitgliederversammlung Extraterrestrische Physik
Time:�ursday 12:45–13:45 Location: EP-MV
Mitgliederversammlung EP / General assembly EP

EP 10: Astroparticles: Invited topical talks (joint session T/EP)
Time:�ursday 14:00–15:40 Location: T-H15

Invited Topical Talk EP 10.1 �u 14:00 T-H15
LND - A (”Made in Germany”) Radiation Monitor Operating at the far Side
of the Moon— ∙Sönke Burmeister1, Shenyi Zhang2, Jia Yu1

, Zigong Xu
1
,

Stephan Böttcher
1
, and RobertWimmer-Schweingruber

1
—

1
Institut für

Experimentelle und Angewandte Physik, Uni Kiel —
2
NSSC, Chinese Academy

of Science
Space Radiation is one of the major concerns in human space �ight. Of course,

this also applies to human exploration of the Moon. On the lunar surface, this

consists of chronic exposure to galactic cosmic rays and sporadic solar particle

events.�e interaction of this radiation �eld with the lunar soil leads to a third

component that consists of neutral particles, i.e., neutrons and gamma radiation.

Chang’E 4 is the Chinese mission that landed on the far side of theMoon on Jan-

uary 3rd, 2019. It consists of a lander, a rover, and a relay spacecra�. �e LND

(Lunar Lander Neutrons and Dosimetry) instrument that was built by CAU is

located inside the lander under an opening lid. It consists of a stack of ten seg-

mented Si solid-state detectors (SSDs), which form a particle telescope to mea-

sure charged particles (electrons from 0.5 MeV to several MeV, protons 8-35

MeV, and heavier nuclei 17-75 MeV/nuc). A special geometrical arrangement

allows observations of fast neutrons (and gamma-rays) that are also important

for dosimetry purposes.�ermal neutrons are measured by using a very thin Gd

conversion foil sandwiched between two SSDs.�e Lunar Lander Neutrons and

Dosimetry experiment aboard China’s Chang’E 4 lander has made the �rst ever

measurements of the radiation exposure to both charged and neutral particles

on the lunar surface.

Invited Topical Talk EP 10.2 �u 14:25 T-H15
Energetic Pulsar Environments and the Origins of Galactic Cosmic Rays—
∙Alison Mitchell — Erlangen Centre for Astroparticle Physics, FAU, Erlan-

gen, Germany

Cosmic Rays - and their origins - have fascinated Physicists for over a hundred

years. Within our Milky Way Galaxy, particles are known to reach energies be-

yond the so-called Cosmic Ray *knee*, a spectral break at ~3 PeV in the all

particle cosmic ray spectrum. However, evidence for the particle accelerators

reach PeV energies - PeVatrons - has proven elusive. Only within the last �ve

years have astrophysical sources of gamma-rays above 100 TeV been identi�ed;

gamma-rays produced through interactions of particleswith PeV energies. Many

of these sources are associated with known energetic pulsars.

In this talk, I will review the current census of PeVatrons and discuss impli-

cations for our understanding of pulsar environments. �ere are several open

questions to grapple with: Which particle species are being accelerated - lep-

tonic or hadronic? How are the particles transported through the surrounding

medium? What is the maximum energy limit for particle acceleration in pulsar

environments? In the near future, data from current and forthcoming facilities

will help us to address these questions.

Invited Topical Talk EP 10.3 �u 14:50 T-H15
Looking forward to exciting physics with FASER— ∙Felix Kling—DESY
Physics searches and measurements at high-energy collider experiments tradi-

tionally focus on the high-pT region. However, if particles are light and weakly-

coupled, this focus may be completely misguided: light particles are typically

highly collimated around the beam line, allowing sensitive searches with small

detectors, and even extremelyweakly-coupled particlesmay be produced in large

numbers there.�e FASER experiment will use the opportunity and extend the

LHC’s physic potential by searching for long-lived particles and studying neu-

trino interactions at TeV energies. In this talk, I will present the physics potential

of FASER for new physics searches, neutrino physics andQCD and astro-particle

physics.

Invited Topical Talk EP 10.4 �u 15:15 T-H15
Astroparticle physics at the LHC: Exploring the forward region with cross-
section measurements — ∙Hans Dembinski — Fakultät Physik, Technische

Universität Dortmund, Dortmund, Germany

Astroparticle physics is the study of the non-thermal universe with gamma rays,

neutrinos, and cosmic rays. Cosmic rays are abundantly produced in cosmic ac-

celerators, like supernova remnants. Some gamma rays and neutrinos are pro-

duced indirectly in interactions of cosmic rays withmatter in the source, and cos-

mic rays interact with Earth’s atmosphere to produce air showers, which are ob-

served by ground-based cosmic ray observatories and contribute the main back-

ground to gamma ray and neutrino observatories. QCD cross-sections for the

forward production of hadrons with light and heavy �avor are therefore needed

to interpret astroparticle measurements. �e experiments at the Large Hadron

Collider (LHC) have powerful instruments to measure forward production, but

data aremore sparse compared to central production. I will summarize the state-

of-the-art of forward cross-section measurements at the LHC from the point of

view of astroparticle physics and give an outlook into the opportunities in near

future with the upcoming run of the LHC and the planned pilot run with oxygen

beams.

EP 11: Astroparticles: From the source to the detector (joint session EP/T)
Time:�ursday 16:15–18:30 Location: EP-H1

EP 11.1 �u 16:15 EP-H1
Multi-messenger studies with gravitational waves and neutrinos — ∙Tista
Mukherjee for the IceCube-Collaboration— Institute for Astroparticle Physics

(IAP), Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

IceCube is a neutrino observatory located in Antarctica. Since its discovery of a

high-energy neutrino (IC170922A) from the blazar TXS0506+056 in 2017, neu-

trino astronomy has been established as a viable option to probe the high-energy

Universe. Neutrinos can carry undistorted information about their respective

astrophysical sources, thus can serve as a cosmic ‘messenger’ to us. �ere are

other potential messengers as well, e.g. gravitational waves (GW) and cosmic

rays other than the traditional photons of various wavelengths. Combining in-

teresting signals of such messengers available from di�erent observatories leads
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us towards multi-messenger searches, allowing us to address many of the so far

unanswered questions about the fundamentals of this Universe, such as the ori-

gin of ultra-high-energy cosmic ray sources. So far, we have the knowledge of de-

tecting electromagnetic signal in multiple wavelengths, spatially and temporally

correlated with GW and high-energy neutrinos, as two separate events. How-

ever, there is still a missing link as we have not been able to correlate GW with

neutrino signals. �e aim of my work is to contribute in this aspect, searching

for Virgo detected GW counterparts of neutrino events detected by IceCube, in-

cluding low-energy neutrinos as well as sub-thresholdGWevents in our analysis.

�e work plan and initial results will be discussed in this talk.

EP 11.2 �u 16:30 EP-H1
Multi-messenger characterization of Mrk501 during historically low X-
ray and gamma-ray activity — ∙Lea Heckmann1

, David Paneque
1
, Sar-

gis Gasparyan
2
, Matteo Cerruti

3
, Narek Sahakyan

2
, and Axel Arbet-

Engels
1
for the Multi-wavelength collaborators and the MAGIC and Fermi-

LAT-Collaboration —
1
Max-Planck-Institut für Physik, D-80805 München,

Germany —
2
ICRANet-Armenia, Marshall Baghramian Avenue 24a, Yerevan

0019, Armenia —
3
Institut de Ciències del Cosmos (ICCUB), Universitat de

Barcelona (IEEC-UB), Martí i Franquès 1, 8 E08028 Barcelona, Spain

Blazars are the most numerous very-high-energy (>0.2 TeV, VHE) gamma-ray

emitters, due to their continuous and very luminous emission; but they are far

from being understood.

In this contribution we describe the multi-wavelength behavior of Mrk501,

one of our closest and therefore brightest blazars, from 2017 to 2020. Alongside

the densemonitoring campaign over this four years, three long observationswith

NuSTAR were conducted displaying various low-activity �ux levels for the hard

X-ray emission.�is very comprehensive data set reveals a historically low X-ray

and VHE gamma-ray emission period lasting two years. Using the low-activity

broadband spectral energy distribution (SED) and data published by IceCube,

we investigate the nature of the low state. Additionally, we try to explain the

evolution of the broadband SED data during the low state to evaluate its poten-

tial of being the baseline emission of Mrk501 that is usually outshone by more

dominant and variable components.

EP 11.3 �u 16:45 EP-H1
Hadronic models of active galaxies to constrain cosmic-ray acceleration —
∙Xavier Rodrigues—DESY Zeuthen
In a new era of multi-messenger observatories, numerical models can help shed

light on what are the sources of the astrophysical neutrinos and the ultra-high-

energy cosmic rays. In this talk I discuss recent results on active galactic nuclei

(AGN) asmulti-messenger sources, based on numerical simulations of photonu-

clear cosmic-ray interactions. Assuming AGN jets can reaccelerate cosmic rays

up to the EeV regime, I will show that an AGN population may in fact dominate

the observed �ux and chemical composition of ultra-high-energy cosmic rays.

Under certain conditions, the accompanying neutrino �ux may be observable

by future EeV neutrino telescopes, while respecting the current IceCube limits

at PeV energies.

EP 11.4 �u 17:00 EP-H1
Neutrino Emission during Supermassive and stellar mass Binary Black
Hole Mergers — ∙Ilja Jaroschewski1, Julia Becker Tjus1, and Peter L.
Biermann

2,3
—

1
�eoretische Physik IV, Ruhr-Universität Bochum —

2
MPI

for Radioastr., Bonn —
3
Dept. of Phys. & Astron., Univ. Alabama, Tuscaloosa,

AL, USA

Ever since the discovery of a di�use astrophysical neutrino �ux by IceCube, the

question arose which sources contribute most. With several neutrino-blazar as-

sociations since the �rst high-probability association of such a neutrino to the

blazar TXS 0506+056 in 2017, there is an indication that at least a non-negligible

part of this di�use neutrino �ux emerges from blazars.

As over ninety stellar mass binary black hole mergers were already detected

via gravitational waves (GWs), with more to come, there are strong indications

that supermassive black holes (SMBHs) in galaxy centers, and thus blazars, also

merge and have had at least one merger in their lifetime. Such a merger is al-

most always accompanied by a change of observable jet direction, leading to

interactions of a preceding jet with surrounding molecular clouds and neutrino

productions.

By creating a connection between neutrinos and GWs, we set limits on how

much energy can be emitted in form of neutrinos in each merger of binary

SMBHs and stellar mass black holes and estimate their contributions to the dif-

fuse neutrino �ux that is measured by IceCube. As neutrino production is di-

rectly connected to high energy cosmic ray interactions, the contribution of these

sources to the cosmic ray injection rate is established.

EP 11.5 �u 17:15 EP-H1
Search for high-energy neutrinos from blazars with IceCube — ∙Cristina
Lagunas Gualda for the IceCube-Collaboration — DESY Zeuthen
�e IceCube Neutrino Observatory is the world’s largest neutrino telescope, in-

strumenting one cubic kilometre of Antarctic ice. IceCube started its operation

with full con�guration in 2011 and a di�use �ux of neutrinos was discovered in

2013. To this day the sources of those neutrinos are still largely unknown. One of

the most promising neutrino source candidates is blazars, Active Galactic Nuclei

with jets aligned towards Earth.

In 2018 IceCube reported the �rst clearly identi�ed observation of an astro-

physical high-energy neutrino, IC170922A, in spatial and temporal coincidence

with blazar TXS 0506+056. Other examples of coincidences that have been ob-

served with lower signi�cance are, but not limited to, IC190730A with blazar

PKS 1506+012 and IC141209A with blazar GB6 J1040+0617. What these have

in common is that they involve a blazar and a high-energy neutrino with a high

probability of being astrophysical in origin (neutrino alert).�ese coincidences

can be combined to calculate a global p-value by performing a stacking analysis.

Here we present the results obtained with the Fourth Catalog of Active Galactic

Nuclei detected by Fermi-LAT (4LAC-DR2, for Data Release 2) and neutrinos

detected by IceCube between 2011 and 2020 that would have passed the neutrino

alert criteria.

EP 11.6 �u 17:30 EP-H1
Comparison of Models for Predicting Periodic Gamma-Ray & Neutrino
Emissions From Blazars — ∙Armin Ghorbanietemad, Ilja Jaroschewski,
and Julia Becker Tjus—�eoretische Physik IV, Ruhr-Unviersität Bochum

�ere are several indications that electromagnetic emissions from blazars have

quasi-periodic variability, ranging from minutes to years. �e long-term peri-

odicity in the span of years is particularly evident in gamma-ray observations

with the Fermi LAT instrument. Two separate high probability associations of

neutrinos, detected by IceCube in 2014/15 and 2017, to the blazar TXS0506+056

further indicate that blazars are neutrino emitters.�ese two �ares can be inter-

preted as a possible periodicity. It is the aim of this work to develop a general

set of models that can explain the periodic gamma-ray and neutrino emissions

from blazars.

In this talk, we present models with single supermassive black holes as well

as supermassive binary black hole mergers at the centers of blazers. Our focus

lies on supermassive binary black hole mergers, due to them radiating gravi-

tational waves which could be detectable by the Laser-interferometer Space An-

tenna (LISA).�e binary systems are characterized by the change of jet direction

accompanied by jet precession close to an imminent merger.�is allows predic-

tions of possible neutrino and gravitational wave emissions from blazars with

quasi-periodic behavior.

EP 11.7 �u 17:45 EP-H1
First science results from the X-ray telescope STIX on Solar Orbiter —
∙AlexanderWarmuth, Frederic Schuller, and GottfriedMann—Leib-

niz -Institut für Astrophysik Potsdam (AIP)

�e ESAmission Solar Orbiter was successfully launched in 2020, with the main

goal of improving our understanding of how the Sun creates and controls the he-

liosphere. �e Spectrometer/Telescope for Imaging X-rays (STIX) is one of six

remote-sensing instruments on board and provides imaging spectroscopy of so-

lar �ares in the energy range of 4 to 150 keV.�us, STIX is able to measure quan-

titatively both the parameters of the hot �are plasma and the characteristics of

the accelerated electrons. Together with the other instruments on Solar Orbiter

as well as with other space-borne and ground based observational assets, STIX

studies energy release and particle acceleration in solar �ares. �is talk will be

focused on the �rst science results obtained during the cruise phase of Solar Or-

biter (2020 and 2021).�is includes observations of micro�ares, constraints on

�are energetics, collaborative studies of gamma-ray �ares together with Fermi,

and the investigation of �are-associated solar energetic particle events.

EP 11.8 �u 18:00 EP-H1
Unfolding themuon neutrino energy spectrum from10 years of IceCube data
with DSEA+ — ∙Leonora Kardum, Karolin Hymon, Johannes Werthe-

bach, Pascal Gutjahr, Tim Ruhe, and Jean-Marco Alameddine for the

IceCube-Collaboration—Astroparticle PhysicsWGRhode, TUDortmundUni-

versity, Germany

Neutrinos, the most elusive particles in the Standard Model, can travel tremen-

dous distances una�ected by magnetic �elds or encountered particles from dis-

tant sources in the Universe. As this makes them perfect information carriers,

many attempts at uncovering their properties are made. �e IceCube Neutrino

Observatory, a cubic kilometer detector embedded in the South Pole ice, is capa-

ble of detecting neutrinos from several GeV up to PeV energies enabling precise

reconstruction of the neutrino spectrum. Determining the accurate spectrum

is of great importance to neutrino physics, especially in di�erentiating the three

predicted components - prompt, conventional, and astrophysical, of which only

the latter two have been detected so far. �e Dortmund Spectrum Estimation

Algorithm (DSEA+) is a novel approach to unfolding the energy spectrum from

measured experimental quantities that e�ectively translates ill-posed problems

to multinomial classi�cation solvable using readily available machine learning

tools.�e current status of applying DSEA+ on 10 years of IceCube data will be

presented.
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EP 11.9 �u 18:15 EP-H1
Recent solar and geoneutrino results from Borexino — ∙Sindhujha Ku-
maran for the Borexino-Collaboration — Forschungszentrum Jülich - Institute

for Nuclear Physics, IKP-2, Jülich, Germany — III. Physikalisches Institut B,

RWTH Aachen University, Aachen, Germany

Borexino is a 280-ton liquid scintillator experiment which ran from May 2007

until October 2021 at the Laboratori Nazionali del Gran Sasso (LNGS), Italy.�e

main goals of Borexino include the measurement of solar neutrinos and geoneu-

trinos.�e extreme radiopurity and thermal stability of the detector have proven

to be valuable assets in achieving these goals. Borexino has not only performed

a complete spectroscopy of the dominant pp-chain solar neutrinos but has also

provided the �rst direct experimental evidence of the rare CNO-cycle neutrinos.

�ese measurements have several implications for solar and stellar Physics and

further improvements are envisioned using the full dataset. In addition, it has

recently presented the �rst directional measurement of sub-MeV solar neutrinos

using the sub-dominant Cherenkov light, through a novel technique called Cor-

related and Integrated Directionality (CID).�is method can be further com-

bined with a typical spectral �t and can also prove valuable for next-generation

liquid scintillator detectors.�e latest geoneutrino measurement from Borexino

included a substantial improvement in the precision as well as the rejection of

the no-mantle signal with a high signi�cance.�is group report will summarize

all these recent solar and geoneutrino results of Borexino.

EP 12: Sun and Heliosphere
Time: Friday 11:00–14:00 Location: EP-H1

Invited Talk EP 12.1 Fri 11:00 EP-H1
Linking Solar Eruptions and Energetic Particles through Observations and
Modeling— ∙Frederic Effenberger— Ruhr-Universität Bochum, Bochum,
Germany

Cosmic rays and energetic particles constitute one of the fundamental compo-

nents of space plasmas and our Heliospheric environment. However, the re-

lation between di�erent energetic particle populations accelerated in the solar

atmosphere and detected in interplanetary space is not well established. Obser-

vational studies during the last years demonstrated the still poorly understood

existence of a connection between solar �are signatures of accelerated particles

at the Sun and the corresponding solar energetic particles (SEPs) detected at 1

AU. It is thus important to make progress towards answering the question: Un-

der which circumstances do these two observations point to the same popula-

tion of accelerated particles? Here, we will discuss recent progress concerned

with this issue. We illustrate the potential for observations and simultaneous

modeling of the escaping and precipitating electron populations to constrain the

plasma properties of the �aring region and interplanetary medium. In partic-

ular, with the recently launched Parker Solar Probe and Solar Orbiter missions,

which explore the Sun from a close distance and with unprecedented detail, new

insights into these questions can be expected. We emphasize the importance of

such studies for the fundamental understanding of physical processes in space

plasmas and for our space weather forecasting capabilities.

EP 12.2 Fri 11:30 EP-H1
Determining Pitch-Angle Di�usion Coe�cients for Electrons in Whistler
Turbulence — ∙Felix Spanier1, Cedric Schreiner2,3, and Reinhard
Schlickeiser

4,5
—

1
Institut für �eoretische Astrophysik, Universität Hei-

delberg, Albert-Ueberle-Strasse 2, 69120 Heidelberg —
2
Centre for Space Re-

search, Northwest-University, Potchefstroom 2520, South Africa —
3
Max-

Planck-Institute for Solar System Research, Justus-von-Liebig-Weg 3, 37077

Göttingen, —
4
Institut für �eoretische Physik IV, Ruhr-Universität Bochum,

Universitätsstrasse 150, 44801 Bochum, Germany —
5
Institut für�eoretische

Physik und Astrophysik, Christian-Albrechts-Universität zu Kiel, Leibnizstr. 15,

24118 Kiel
Transport of energetic electrons in the heliosphere is governed by resonant in-

teraction with plasma waves, for electrons with sub-GeV kinetic energies specif-

ically with dispersive modes in the whistler regime.

We have performed Particle-in-Cell simulations of kinetic turbulence using

parameters similar to those found in the heliosphere. Test-particle electrons are

injected into the simulation. �e pitch-angle di�usion coe�cients of these test

particles were analyzed using a novel method.

An analytical model for electron transport in le�- and right-handed is derived

and the numerical results are compared to this model.

EP 12.3 Fri 11:45 EP-H1
OnCompressible Turbulence in the InnerHeliosheath— ∙Horst Fichtner1,
Jens Kleimann

1
, Peter Yoon

2
, Klaus Scherer

1
, Sean Oughton

3
, and Eu-

gene Engelbrecht
4
—

1
Institut für�eoretische Physik IV, Ruhr-Universität

Bochum, 44780 Bochum, Germany —
2
Institute for Physical Science and Tech-

nology, University of Maryland, College Park, USA —
3
Department of Math-

ematics and Statistics, University of Waikato, Hamilton 3240, New Zealand —
4
Centre for Space Research, North-West University, Potchefstroom, 2522, South

Africa
Measurements made with the Voyager 1 spacecra� indicate that signi�cant lev-

els of compressive �uctuations exist in the so-called inner heliosheath, i.e. the

region between the solar wind termination shock and the heliopause. Here we

extend previous studies of the mirror-mode instability to the whole inner he-

liosheath. Employing quasilinear theory combined with results from a global

magnetohydrodynamic model of the heliosphere allows for a computation of

the time evolution of the temperature anisotropy and the energy density of the

magnetic �uctuations related to the mirror mode. We demonstrate the likely

presence of the latter in the inner heliosheath. Furthermore, we compute the

associated, locally generated density �uctuations.�e results can serve as inputs

for future models of the transport of compressible �uctuations in this outermost

region of the heliosphere.

Invited Talk EP 12.4 Fri 12:00 EP-H1
Solar Orbiter: two years of operations and �rst results — ∙Frederic
Schuller, AlexanderWarmuth, and GottfriedMann—Leibniz Institute

for Astrophysics (AIP) Potsdam, Germany

�e Solar Orbiter spacecra� was launched in February 2020 and will remain

the most signi�cant observatory for solar physics research in the next decade.

During the cruise phase, which ended in November 2021, several crucial ac-

tivities took place, starting from the commissioning of the various instruments

until the testing and validation of all possible observing modes. We will pro-

vide an overview of the mission and describe the regular operations, focussing

on the day-to-day work of the STIX instrument team. �en, we will highlight

some technical improvements that were achieved during the early phase of the

mission. Finally, we will brie�y present initial scienti�c results obtained so far,

whereas the nominal phase has only just started.

EP 12.5 Fri 12:30 EP-H1
MHD avalanches in truly curved coronal arcades: proliferation and heating
— ∙Jack Reid1

, James Threlfall
2
, and AlanW. Hood

1
—

1
University of St

Andrews, St Andrews, Fife, United Kingdom —
2
Abertay University, Dundee,

United Kingdom

MHD avalanches involve small, narrowly localized instabilities spreading across

neighbouring areas in a magnetic �eld. Cumulatively, many small events re-

lease vast amounts of stored energy. Straight cylindrical �ux tubes are easily

modelled, between two parallel planes, and can support such an avalanche: one

unstable �ux tube causes instability to proliferate, via magnetic reconnection,

and an ongoing chain of like events. True coronal loops, however, visibly curve

between footpoints on the same solar surface. With 3D MHD simulations, we

verify the viability of MHD avalanches in the realistic, curved geometry of an

arcade. MHD avalanches thus amplify instability in strong astrophysical mag-

netic �elds and disturb wide regions of plasma. Contrasting with the behaviour

of straight cylindrical models, a modi�ed ideal MHD kink mode occurs, more

readily and preferentially upwards. Instability spreads over a region far wider

than the original �ux tubes and their footpoints. Sustained heating is produced

in a series of ‘nano�ares’, collectively contributing substantially to coronal heat-

ing. Overwhelmingly, viscous heating dominates, generated in shocks and jets

produced by individual small events. Reconnection is not the greatest contribu-

tor to heating, but rather facilitates those processes that are. Localized and im-

pulsive, heating shows no strong spatial preference, except a modest bias away

from footpoints, towards the apex.

EP 12.6 Fri 12:45 EP-H1
Quasi-discontinuous solar wind models — ∙LukasWestrich — Institut für

theoretische Physik IV, Ruhr-Universität Bochum, Deutschland

Recently Shergelashvili et al. (2020) developed a new class of discontinuous so-

lar wind solutions. �ey considered a case of quasi-adiabatic radial expansion

with a jump in the �ow velocity, density, and temperature but a continuousMach

number at the critical point and derived analytical solutions.�erefore, they pro-

posed a localized external heating source without actual modeling. A�er a brief

discussion of this concept, I will present continuous numerical solutions, more

similar to the classical Parker solar wind model, but with quasi-adiabatic radial

expansion with an explicitly formulated localized heating source. �is kind of

solutions can reproduce the analytically derived solutions without discontinuous

jumps in the physical properties.
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EP 12.7 Fri 13:00 EP-H1
Solar Surface Stereoscopy with Solar Orbiter’s Polarimetric Helioseismic Im-
ager— ∙AmandaRomeroAvila, Bernd Inhester, JohannHirzberger, and
Sami Solanki—Max Planck Institute for Solar System Research

A compound method for a stereoscopic analysis of the height variations in the

solar photosphere is presented. �is method allows to estimate relevant quan-

tities (i.e. the Wilson depression) and to study structures in the solar photo-

sphere and within sunspots. We will demonstrate the feasibility of the method

using simulated Stokes I continuum observations derived from a radiative trans-

fer model using the plasma properties of a MHD simulation of the solar surface.

�e large scale variations in ourmethod are estimated by shi�ing and correlating

two signals of the same region as observed from two di�erent view directions.

�is result is then introduced as an initial height estimate in a least squares opti-

mization algorithm in order to reproduce smaller scale structures.�is method

has been developed to be applied to the high resolution images of the PHI in-

strument on board Solar Orbiter or similar instruments on other Sun-observing

spacecra�. It will allow to perform direct stereoscopic studies of solar surface

observations in di�erent wavelengths of the solar spectrum. Preliminary results,

advantages and limitations, applications and particular considerations for PHI

data will be discussed.

EP 12.8 Fri 13:15 EP-H1
A new global nonlinear force-free coronal magnetic-�eld extrapolation code
implemented on aYinYang grid— ∙ArgirisKoumtzis and ThomasWiegel-

mann—Max Planck Institute for Solar System Research

�e solar magnetic �eld dominates and structures the coronal plasma and de-

tailed insights are important to understand almost all physical processes. While

direct routine measurements of the coronal magnetic �eld are not available, we

have to extrapolate the photospheric vector �eld measurements into the corona.

To do so, we developed a new code that performs state-of-the-art nonlinear

force-free magnetic �eld extrapolations in spherical geometry. Our new imple-

mentation is based on an optimization principle and is able to reconstruct the

magnetic �eld in the entire corona, including the polar regions. Because of the

nature of the �nite-di�erence numerical scheme used in the past, extrapolation

close to polar regions was computationally ine�cient. In the current code, the

so-called Yin Yang grid is used. Both the speed and accuracy of the code is im-

proved compared to previous implementations. We tested our new code with a

well known semi-analytical model (Low and Lou solution). �is new Yin and

Yang implementation is timely because the Solar Orbiter mission is expected to

provide reliable vector magnetograms also in the polar regions within the fol-

lowing years. �us, this code can be used in the future when these synoptic

magnetograms are available to model the magnetic �eld of the solar corona for

the entire Sun including the polar regions.

EP 12.9 Fri 13:30 EP-H1
Automatic computation of magneto-hydro-static equilibria from magne-
tograms and EUV-images— ∙ThomasWiegelmann and MariaMadjarska

—MPS, Göttingen

We present a newly developed tool that models the magnetic �eld in the solar

atmosphere and matches individual �eld lines with observed structures with en-

hanced emission in EUV images. Presently, for quiet Sun regions, we can only

measure the photospheric line-of-sight magnetic �eld, as accurate horizontal

�eld measurements are not available.�e photospheric magnetic-�eld measure-

ments are extrapolated into the upper photosphere, chromosphere and corona

with a magneto-hydro-static model. Free model parameters are then optimized

with a downhill simplex method by comparing magnetic �eld lines quantita-

tively with the enhanced emission of various structures recorded in EUV im-

ages.�e tool can be employed to obtain the magnetic and plasma properties of

these structures above the photosphere. �is could help to achieve a better un-

derstanding of the solar atmosphere and will help the constrain of the modelling

of atmospheric structures.

EP 12.10 Fri 13:40 EP-H1
Coronal Magnetic Field Extrapolation Using a Speci�c Family of Analytical
3D Magnetohydrostatic Equilibria - Practical Aspects — ∙Lilli Nadol and
Thomas Neukirch—University of St Andrews, Scotland, UK

With current observational methods it is not possible to determine the magnetic

�eld in the solar corona accurately. Hence, coronal magnetic �eld models have

to rely on extrapolation methods using photospheric magnetograms as bound-

ary conditions. In recent years, due to the increased resolution of observations

and the need to resolve non-forcefree lower regions of the solar atmosphere,

there have been e�orts to use magnetohydrostatic (MHS) �eld models instead

of force-free extrapolation methods. Although numerical methods to calculate

MHS solutions can deal with non-linear problemsmore accurately, analytical 3D

MHS equilibria can also be used as a numerically ”cheaper” method.

We discuss a family of analytical MHS equilibria that allows for a transition

from a non-force-free to a force-free region.�e solution involves hypergeomet-

ric functions. While routines for the calculation of these are available, this can

a�ect the speed and accuracy of the calculations. We look into the asymptotic

behaviour of this solution in order to approximate it through exponential func-

tions to improve the numerical e�ciency. We present an illustrative example by

comparing �eld line pro�les, density and pressure di�erences between the exact

solutions and the asymptotic solution.

EP 12.11 Fri 13:50 EP-H1
Con�ned and Subsequent Full Flux Rope Eruption as a Model for Ho-
molous Solar Events — Alshaimaa Hassanin1

, ∙Bernhard Kliem2
, Nor-

bert Seehafer
2
, and Tibor Török

3
—

1
Department of Astronomy, Space Sci-

ence & Meteorology, Faculty of Science, University of Cairo, Egypt —
2
Institute

of Physics and Astronomy, University of Potsdam, Germany —
3
Predictive Sci-

ence Inc., San Diego, CA 92121, USA

We present the �rst numerical model of a sequence of a con�ned and a full erup-

tion (i.e., a coronal mass ejection, CME).�e �rst eruption results from the he-

lical kink instability of a su�ciently twisted magnetic �ux rope; it remains con-

�ned because the �ux rope does not reach the critical height for onset of the torus

instability. A two-step reconnection process reforms a �ux rope with subcritical

twist near the position of the original �ux rope. �e full eruption develops as a

result of convergingmotions imposed at the photospheric boundary, which drive

�ux cancellation. In this process, a part of the positive and negative sunspot �ux

converge toward the polarity inversion line, reconnect, and cancel each other.

Flux of the same amount as the canceled �ux transfers to the �ux rope, increas-

ing its free magnetic energy. With sustained �ux cancellation and the associated

progressive weakening of the magnetic tension of the overlying �ux, we �nd that

a �ux reduction of ≈9% leads to the ejective eruption.�ese results demonstrate
that homologous eruptions, eventually leading to a coronal mass ejection, can be

driven by �ux cancellation.
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Gravitation and Relativity Division
Fachverband Gravitation und Relativitätstheorie (GR)

Bernd Brügmann
�eoretisch-Physikalisches Institut
Friedrich-Schiller-Universität Jena

07743 Jena
bernd.bruegmann@uni-jena.de

Welcome to the annual meeting of the Gravitation and Relativity Division of the DPG in “virtual” Heidelberg.
Despite the adverse circumstances, we again have a rich scienti�c program, including several genuine high-
lights. Let me also draw your attention to our General Assembly of Members on�ursday evening, starting at
19:00. I wish all of us a pleasant and informative week!

Overview of Invited Talks and Sessions
(Online lecture halls, in particular GR-H2, GR-H3)

Plenary Talk of GR

PV VII �u 9:00– 9:45 Audimax New perspectives onto the Universe in the era of multi-messenger astrophysics —∙Samaya Nissanke

Invited Talks
GR 4.1 Tue 11:00–11:45 GR-H2 Pseudospectrum and black hole quasi-normalmode (in)stability— ∙Rodrigo Panosso

Macedo
GR 4.2 Tue 11:45–12:30 GR-H2 Observable Signatures of Quantized Gravity in Quantum Optical Experiments —∙Dennis Rätzel
GR 7.1 Wed 11:00–11:45 GR-H2 Numerical Relativity and Gravitational Wave Observations— ∙Harald Pfeiffer

Invited Talks of the joint symposium SMuK Dissertation Prize 2022 (SYMD)
See SYMD for the full program of the symposium.

SYMD 1.1 Mon 14:00–14:25 Audimax Timeless QuantumMechanics and the Early Universe— ∙LeonardoChataigner
SYMD 1.2 Mon 14:25–14:50 Audimax First tritium β-decay spectrum recorded with Cyclotron Radiation Emission

Spectroscopy (CRES)— ∙Christine Claessens
SYMD 1.3 Mon 14:50–15:15 Audimax Watching the top quarkmass run - for the �rst time! — ∙MatteoM.Defranchis,

Katerina Lipka, Sven-OlafMoch
SYMD 1.4 Mon 15:15–15:40 Audimax Towards beam-quality-preserving plasma accelerators: On the precision tuning

of the wake�eld— ∙Sarah Schröder

Invited Talks of the joint symposium The Nature of Science (SYNS)
See SYNS for the full program of the symposium.

SYNS 1.1 Tue 14:00–14:30 Audimax �e Role of Nature of Science Education for Science Media Literacy — ∙Dietmar
Höttecke

SYNS 1.2 Tue 14:30–15:00 Audimax What kinds of identities are deemed in/our of place in physics? — ∙Lucy Avraami-
dou

SYNS 1.3 Tue 15:00–15:30 Audimax Some thoughts on the status of theoretical physics— ∙DanielHarlow
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Prize Talks of the joint Awards Symposium (SYAW)
See SYAW for the full program of the symposium.

SYAW 1.1 Wed 14:10–14:40 Audimax Wie überprü� man die Ziele der Lehramtsausbildung Physik? — ∙Horst
Schecker

SYAW 1.2 Wed 14:40–15:10 Audimax Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry and
Black Holes— ∙Frank Eisenhauer

SYAW 1.3 Wed 15:10–15:40 Audimax Turbulence in one dimension— ∙AlexanderM. Polyakov

Sessions
GR 1.1–1.6 Mon 9:00–11:00 GR-H2 Black Holes
GR 2.1–2.8 Mon 16:00–18:40 GR-H2 Classical�eory
GR 3.1–3.6 Mon 16:15–18:15 GR-H3 Cosmology
GR 4.1–4.2 Tue 11:00–12:30 GR-H2 General Relativity
GR 5.1–5.7 Tue 16:15–18:35 GR-H2 Gravitational Waves
GR 6.1–6.6 Tue 16:15–18:15 GR-H3 Cosmology
GR 7.1–7.1 Wed 11:00–11:45 GR-H2 General Relativity
GR 8.1–8.2 Wed 11:45–12:25 GR-H2 Gravitational Waves
GR 9.1–9.7 Wed 16:15–18:35 GR-H2 Gravitational Waves
GR 10.1–10.7 Wed 16:15–18:35 GR-H3 Foundations and Alternatives
GR 11.1–11.5 �u 11:00–12:40 GR-H2 Relativistic Astrophysics
GR 12.1–12.4 �u 11:00–12:40 MP-H5 Quantum gravity (joint session MP/GR)
GR 13.1–13.5 �u 14:00–15:40 GR-H2 Numerical Relativity
GR 14.1–14.6 �u 16:15–18:15 GR-H2 Gravitational Wave Detectors
GR 15 �u 19:00–20:30 GR-MV Member Assembly

Annual General Meeting of the Gravitation and Relativity Division
�u 19:00–20:30 GR-MV

• Bericht des Vorsitzenden

• Aktuelles und Planung des kommenden Jahres

• Verschiedenes
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Sessions
– Invited and Contributed Talks –

GR 1: Black Holes
Time: Monday 9:00–11:00 Location: GR-H2

GR 1.1 Mon 9:00 GR-H2
Photon spheres and shadows of time-dependent black holes— Jay Solanki1
and ∙Volker Perlick2— 1

Sardar Vallabhbhai National Institute of Technology,

Surat, 395007 Gujarat, India —
2
ZARM, University of Bremen, 28359 Bremen,

Germany

�e Vaidya spacetimes are a class of time-dependent and spherically symmetric

solutions to Einstein’s �eld equation with a null dust as the source.�ey describe

the gravitational �eld around a spherically symmetric body that either gainsmass

by absorbing the null dust or loses mass by emitting it. Here we consider a sub-

class of the Vaidya spacetimes where the source is a black hole and the metric is

conformally static. We demonstrate that there is an unstable photon sphere and

we calculate the shadow of such black holes, �rst as seen by conformally static

observers and then as seen bymoving observers.�e considered spacetimesmay

be viewed as simple models of black holes that are either accreting or (Hawking)

radiating.

GR 1.2 Mon 9:20 GR-H2
Gravitational Lensing in the NUT Spacetime— ∙Torben C. Frost—ZARM,
University of Bremen, 28359 Bremen, Germany — Institute for �eoretical

Physics, Leibniz University Hannover, 30167 Hannover, Germany

�e existence of a gravitomagnetic charge, the gravitational analogon to a hypo-

thetical magnetic charge in electrodynamics, is a long-standing open question in

physics. In my talk I will discuss how we can use gravitational lensing to identify

if a black hole in nature carries a gravitomagnetic charge. For this purpose I will

assume that they are described by the NUT metric. We will solve the geodesic

equations using Legendre’s elliptic integrals and Jacobi’s elliptic functions.�en

we will rederive the angular radius of the shadow, formulate a lens equation,

derive redshi� and travel time.

GR 1.3 Mon 9:40 GR-H2
A global view on Kerr spacetime – First person visualization of general rela-
tivity— ∙Thomas Reiber—Universität Hildesheim, Germany
�e maximal analytic extension of slow Kerr spacetime contains an in�nity of

asymptotically �at ”exterior” regions connected by a strongly curved ”interior”

region. An observer may stay in one of the exterior regions or – crossing event

horizons – pass through the strongly curved region to reach one of the other

asymptotically �at regions. We calculate videos of what an observer would see

on di�erent journeys through Kerr spacetime by using general relativistic ray

tracing. For that purpose we use a covering of Kerr spacetime by an atlas con-

sisting of Kerr-Schild and Kruskal-like coordinate patches.

GR 1.4 Mon 10:00 GR-H2
Non-teleology and motion of a tidally perturbed Schwarzschild black hole
— ∙Zeyd Sam— School of Mathematical Sciences and STAG Research Centre,
University of Southampton, United Kingdom — Institute for Physics and As-

tronomy, University of Potsdam, Germany

�e prospect of gravitational wave astronomywith EMRIs hasmotivated increas-

ingly accurate perturbative studies of binary black hole dynamics. Studying the

apparent and event horizon of a perturbed Schwarzschild black hole, we �nd

that the two horizons are identical at linear order regardless of the source of per-

turbation. �is implies that the seemingly teleological behaviour of the linearly

perturbed event horizon, previously observed in the literature, cannot be truly

teleological in origin. �e two horizons do generically di�er at second order in

some ways, but their Hawking masses remain identical. In the context of tidal

distortion by a small companion, we also show how the perturbed event horizon

in a small-mass-ratio binary is e�ectively localized in time, and we numerically

visualize unexpected behaviour in the black hole’s motion around the binary’s

center of mass.

GR 1.5 Mon 10:20 GR-H2
Black hole temperature in Horndeski gravity — ∙Kamal Hajian1

, Stefano

Liberati
2
, Mohammad Mehdi Sheikh-Jabbari

3
, and Mohammad Hasan

Vahidinia
4
—

1
Carl von Ossietzky University of Oldenburg Department of

Physics D-26111 Oldenburg —
2
3SISSA, Via Bonomea 265, 34136 Trieste,

Italy and INFN, Sezione di Trieste —
3
5School of Physics, Institute for Re-

search in Fundamental Sciences (IPM), P.O.Box 19395-5531, Tehran, Iran

—
4
Department of Physics, Institute for Advanced Studies in Basic Sciences

(IASBS), P.O. Box 45137-66731, Zanjan, Iran

InHorndeski gravities, which are themost generic scalar-tensor theories without

ghosts, the speed of graviton can be di�erent w.r.t other massless particles/waves

such as photons. We will show that this leads to a black hole temperature which

is di�erent from the standard Hawking temperature by an overall factor. �e

factor depends on black hole properties as well as the Lagrangian. Using this

modi�ed temperature, the �rst law of thermodynamics for black holes in Horn-

deski gravities is recovered.

GR 1.6 Mon 10:40 GR-H2
Black hole shadows enlightening quantum gravity — ∙Michael Florian

Wondrak, Kolja Kuijpers, Jesse Daas, Frank Saueressig, and Heino Fal-

cke — Institute for Mathematics, Astrophysics and Particle Physics (IMAPP),

Radboud University, Nijmegen,�e Netherlands

With the advent of the Event Horizon Telescope, the shadow of supermassive

black holes could be resolved for the �rst time. Tests of the general theory of

relativity at this strong-�eld regime come into reach. Probing quantum gravity

is particularly interesting.

In this talk, we focus on extending the Einstein–Hilbert action by higher cur-

vature terms which necessarily arise as counterterms upon quantization. We

numerically solve the equations, �nd solutions with and without horizons, and

extract the corresponding shadow radii.�e results are discussed regarding ob-

servability.

GR 2: Classical Theory
Time: Monday 16:00–18:40 Location: GR-H2

GR 2.1 Mon 16:00 GR-H2
A covariant formulation of violations of the Equivalence Principle— ∙Ckaus
Lämmerzahl— ZARM, University of Bremen, Germany

In the Newtonian framework a violation of the Equivalence Principle can be de-

scribed by introducing inertial and graviational masses. Within General Rela-

tivity it is not obvious how to couple di�erent particles di�erently to the same

space-time geometry. Here we propose a scheme where in a given geometri-

cal background a violation of the universality of free fall as well as of the frame

dragging can be formulated.

GR 2.2 Mon 16:20 GR-H2
A Collapsing Mass Shell with High Angular Momentum — Andreas

King
1
, ∙Markus King

2
, and Jörg Frauendiener

3
—

1
Preysingstraße 40,

81667 München, Germany —
2
Fakultät Engineering, Hochschule Albstadt-

Sigmaringen, 72458 Albstadt, Germany —
3
Department of Mathematics and

Statistics, University of Otago, Dunedin 9054, New Zealand

We calculate the free-fall collapse of a dust shell of massM and radius R(s), with
s being proper time along the worldlines of its collisionless particles, and rotat-
ing fast in the initial angular velocity ω0 around an axis through its center in an

asymptotically �at spacetime.�e Einstein equations are solved to second order

perturbation theory in ω0. We show existence of such a system with �at interior,

free of gravitational waves produced by the quadrupolar deformation of the shell

due to centrifugal e�ects. Stationary solutions of the underlyingmaster equation

of gravitational perturbations are given.

GR 2.3 Mon 16:40 GR-H2
EnergyConditions inReverse-EngineeredMetrics— ∙Sebastian Schuster1,
Jessica Santiago

2
, and Matt Visser

3
—

1
Charles University, Prague, Czech

Republic —
2
Aristotle University of �essaloniki, �essaloniki, Greece —

3
Victoria University of Wellington, Wellington, New Zealand

Many familiar metrics of general relativity have been achieved by integrating the

Einstein equations for a particular source stress-energy tensor. In other cases,
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physical considerations lead to a motivation for studying metrics of a partic-

ular form; here, then, the question is to derive the stress-energy tensor from

a given metric. While mathematically simpler—as di�erentiation is simpler

than integration—this opens a long list of questions which stress-energy tensors

should be considered physical. An early heuristic for such an evaluation were

so-called energy conditions. In this talk, we will describe a proof for why “warp

drives” will always violate pointwise energy conditions, and how even rather be-

nign, reverse-engineered metrics (“tractor beams”) will do so.

GR 2.4 Mon 17:00 GR-H2
Relativistic Geodesy: What do we know?— ∙Dennis Philipp—ZARM, Uni-
versity of Bremen

Geodesy is the science of the properties of our Earth, in particular its gravity �eld.

Conventional geodesy builds on (the concepts of) Newtonian gravity. �us, at

the level of a relativistic theory of gravity, the underlying framework needs to be

renewed and basic notions need to be generalized. �is opens an entirely new

perspective on the matter - chronometric geodesy - which investigates gravity

by, e.g., the use of clocks and clock networks. In this talk, I will review the status

of the theoretical aspects of relativistic geodesy and address concepts such as the

potential, multipole moments, geoid, reference ellipsoid, and height notions in

the conventional and in the relativistic framework. Moreover, observables and

measurement prescriptions are discussed and an outlook on future developments

is given.

GR 2.5 Mon 17:20 GR-H2
On free fall of quantum matter — ∙Viacheslav Emelyanov — Institute of
�eoretical Physics, Karlsruhe Institute of Technology, Wolfgang-Gaede-Straße

1, 76131 Karlsruhe, Germany

According to Newton’s gravitational law, any object to have a non-zero gravita-

tional mass is a source of gravity. It is a result of numerous experiments that

gravitational mass is equal with good accuracy to inertial mass of a macroscopic

object. �us, all objects fall down equally fast, assuming same initial position

and velocity. �is circumstance is promoted to the weak equivalence principle

in General Relativity, that is related to the concept of a�ne connection, giving in

its turn the concept of geodesic corresponding to particles’ trajectories in curved

spacetime. However, there is an expectation that the free-fall universality may

not hold for quantum matter.

In this talk, we intend to introduce our approach to quantum particle physics

in curved spacetime. It is based on quantum �eld theory and the general princi-

ple of relativity, which are used to build a model for quantum particles in gravity.

We then obtain by its means a deviation from a classical geodesic in the Earth’s

gravitational �eld. �is shows that free fall depends on quantum-matter prop-

erties. Speci�cally, we �nd that the free-fall universality and the wave-packet

spreading are mutually exclusive phenomena. Assuming that the latter is more

fundamental, we present the �rst-ever estimate of the Eötvös parameter for a

pair of atoms used nowadays in quantum tests of the universality of free fall in

atom interferometers and compare that with recent experimental results.

GR 2.6 Mon 17:40 GR-H2
Gravitational �eld recovery via inter-satellite redshi� measurements— ∙Jan
Hackstein, Eva Hackmann, Claus Lämmerzahl, and Dennis Philipp —

Center of Applied Space Technology and Microgravity, Bremen, Germany

Satellite gravimetry is a promising technique to monitor global changes in the

Earth system. High-precision atomic clocks are already being compared to mea-

sure physical heights in terrestrial gravimetry. In relativistic gravity, a clock com-

parison is sensitive to the clocks’ positions and relative velocity in the gravity

�eld. �us, clocks are an ideal tool to investigate the Earth’s gravity �eld. To

cover the whole Earth, orbiting satellites can be equipped with clocks and ob-

served by terrestrial ground stations. One important obstacle for Earth-satellite

gravimetry, however, is the low measurement accuracy of a satellite’s velocity,

which enters into the redshi� via the Doppler e�ect. Here we follow an alterna-

tive approach without absolute velocity measurements based on the framework

of general relavity. We consider an idealised satellite setup in the Schwarzschild

spacetime where the monopole moment is recovered from pairwise redshi�

measurements between multiple satellites equipped with clocks. We investigate

whether or not the redshi� between two satellites can be retrieved as a func-

tion depending only on relative observables between the satellites.�is method

promises a higher accuracy for gravity �eld recovery by bypassing the Doppler

e�ect. We compare the results and error estimates of these inter-satellite mea-

surements with conventional Earth-satellite measurements and conclude with

future applications of this theoretical setup.

GR 2.7 Mon 18:00 GR-H2
Probing gravitational parity violation with compact binaries— ∙Hector O.
Silva and Jan Steinhoff—Max Planck Institute for Gravitational Physics (Al-

bert Einstein Institute), Am Mühlenberg 1, 14476 Potsdam, Germany

�e detection of gravitational-waves signals produced by the inspiral and coa-

lescence of compact binaries have opened a new vista into the nonlinear, highly

dynamical regime of gravity.�ese observations have allowed us to perform new

tests of general relativity and also to probe (or constrain) modi�cations to Ein-

stein’s theory. In this work, we report on an ongoing e�ort to study the e�ects

of higher-curvature parity violating modi�cations to general relativity on the in-

spiral of compact binaries with the goal of possibly placing (or forecasting) con-

straints on parity violation in gravity with present or future gravitational wave

observatories.

GR 2.8 Mon 18:20 GR-H2
Konzept eines satellitengestützten Tests des gravitomagnetischen Uhrenef-
fektes — ∙Jan Scheumann, Dennis Philipp, Eva Hackmann, Sven Herr-
mann, Benny Rievers und Claus Lämmerzahl — ZARM, Universität Bre-

men, 28359 Bremen, Deutschland

Die Allgemeine Relativitätstheorie besagt, dass die Rotation eines Körpers einen

nicht-newtonschen Ein�uss auf Objekte in seinem Orbit ausübt. Ein Beispiel

für einen solchen E�ekt ist die als Lense-�irring-E�ekt bekannte Drehung der

Knotenlinie eines Satelliten. Ein weiterer E�ekt ist der zuerst von Cohen und

Mashhoon beschriebene sogenannte gravitomagnetische Uhrene�ekt, der den

Unterschied in der Eigenzeit zweier Uhren in gegenläu�gem Orbit um den Zen-

tralkörper beschreibt. Dieser E�ekt ist bisher für verschiedene idealisierte Orbits

theoretisch beschrieben worden, wurde jedoch noch nicht experimentell bestä-

tigt.

Nachdem zwei der Galileo-Satelliten auf nicht für GNSS-Zwecke geeigneten

Orbits bereits dafür genutzt werden konnten, die Unsicherheit im Nachweis der

gravitativen Rotverschiebung mittels der an Bord be�ndlichen passivenWasser-

sto�maser zu verringern, wird die Nutzung dieser Satelliten für weitere Tests

relativistischer E�ekte untersucht.

In diesem Vortrag wird ein Konzept vorgestellt, mit dem der gravitomagneti-

sche Uhrene�ekt untersucht werden könnte und die hierfür notwendigen Vor-

aussetzungen mit dem aktuellen Stand der Technik verglichen.

GR 3: Cosmology
Time: Monday 16:15–18:15 Location: GR-H3

GR 3.1 Mon 16:15 GR-H3
�rough the Big Bang— ∙Paula Reichert—Mathematisches Institut, LMU
München, Germany

�is talk presents latest results regarding the evolution of the universe through

the Big Bang singularity on shape space. Relationalism in the form of modern

shape dynamics suggests that the Big Bang is only a turning or Janus point within

an overall time-symmetric, eternal evolution - a common past in a universe with

one past (i.e. the Big Bang) and two futures in both directions away from it.�is

idea is supported by the 2016 result that, for the quiescent Bianchi IX model of

GR, the shape (i.e. angular) degrees of freedom can be evolved uniquely through

the (otherwise singular) point of zero spatial volume. Studies of the total colli-

sion singularity on non-relativistic shape space further suggest that, at the point

of total collision (i.e. the Big Bang of the Newtonian N-body universe), the sys-

tem is exceptionally homogenous, forming a state of minimal shape complexity

and minimal entropy. At the same time, both complexity and entropy increase

as the system expands and galaxies form in both directions away from the Janus

point, thereby marking two gravitational and entropic arrows of time.

GR 3.2 Mon 16:35 GR-H3
Graviton corrections to the Newtonian potential using invariant observables
— ∙Markus B. Fröb, Constantin Rein, and Rainer Verch — Institut für

�eoretische Physik, Universität Leipzig, Brüderstraße 16, 04103 Leipzig, Ger-

many

We consider the e�ective theory of perturbative quantum gravity coupled to a

point particle, quantizing �uctuations of both the gravitational �eld and the par-

ticle’s position around �at space. Using a recent relational approach to construct

gauge-invariant observables, we compute one-loop graviton corrections to the

invariantmetric perturbation, whose time-time component gives theNewtonian

gravitational potential. �e resulting quantum correction consists of two parts:

the �rst stems from graviton loops and agrees with the correction derived by

other methods, while the second one is sourced by the quantum �uctuations of

the particle’s position and energy-momentum, and may be viewed as an analog

of a “Zitterbewegung”. As a check on the computation, we also recover classical

corrections which agree with the perturbative expansion of the Schwarzschild

metric.
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GR 3.3 Mon 16:55 GR-H3
Spatial Geometry of the Large-Scale Universe:�e Role of QuantumGravity,
Dark Energy and Other Unknowns— ∙Marc Holman—Utrecht University,

Utrecht, Netherlands

Most key features of contemporary concordance cosmology can be directly

linked to observational facts, such asHubble’s law, the existence and properties of

theCosmicMicrowave Background (CMB) - in particular its extreme uniformity

- light element abundances and large-scale �atness. In some cases, these features

�rst appeared in the form of further model constraints in the light of new ob-

servational data - e.g., the discoveries of distance-proportional galactic redshi�s

and the CMB, whichwere taken as irreconcilable with static and steady-state cos-

mological models, respectively. In other cases, they �rst appeared in the form of

additional ingredients in the light of largely existent, but seemingly unaccounted
for, observational data - e.g., the near-�atness of the Universe’s large-scale spatial

geometry and the existence of mass discrepancies, which were argued irrecon-

cilable with standard Big Bang cosmology assuming only “normal matter” to be

present. As recent work has emphasized however, the observed near-�atness of

the large-scale Universe as a partial, but key motivation for assuming the exis-

tence of an ultra-short, in�ationary expansion of the very early Universe, has a

long and troubled history. In this respect, the present work strengthens earlier

results regarding the absence of a cosmological �atness problem of the sort that

could potentially be resolved by in�ation.

GR 3.4 Mon 17:15 GR-H3
Compact objects from e�ective quantum gravity — Piero Nicolini1,2,3 and
∙Salvatore Samuele Sirletti2,4 — 1

New York University Abu Dhabi, Abu

Dhabi, UAE —
2
Frankfurt Institute for Advanced Studies, Frankfurt am Main,

Germany —
3
Johann Wolfgang Goethe-Universität, Frankfurt am Main, Ger-

many —
4
Università degli Studi di Napoli Federico II, Naples, Italy

It has been shown that the UV �niteness of Superstring�eory can led to the

derivation of a family of regular black hole solutions in the gravity-matter de-

coupling limit. �e latter is a regime governed by stringy e�ects like non-

commutativity and T-duality.�e most natural realization of a non-local struc-

ture inheriting noncommutative geometry e�ects is the Gaussian pro�le for the

energy density in the relativistic stress tensor.

In this talk, we present two interesting regular black hole/compact object al-

ternatives that stem from postulating a smooth transition between a quantum

gravity dominated region at the origin, and a corona of degenerate nuclear mat-

ter around it.�e derivation of the resultingmetric allows for the description of a

regular horizonless Planckian object and a neutron star with a quantum vacuum

at its center.

GR 3.5 Mon 17:35 GR-H3
Generalized Uncertainty Relations and the Problem of Dark Energy —
∙Matthew J. Lake— Frankfurt Institute for Adavanced Studies, Frankfurt am

Main, Germany

We outline a new model in which generalised uncertainty relations are ob-

tained without modi�ed commutation relations. While existing models intro-

duce modi�ed phase space volumes for the canonical degrees of freedom, we in-

troduce new degrees of freedom for the background geometry.�e background

is treated as a genuinely quantum object, with an associated state vector, and

the model naturally gives rise to the extended generalised uncertainty principle

(EGUP). Importantly, this approach solves (or rather, evades) well known prob-

lems associated with modi�ed commutators, including violation of the equiva-

lence principle, the soccer ball problem for multi-particle states, and the velocity

dependence of the minimum length. However, it implies two radical conclu-

sions.�e �rst is that space must be quantised on a di�erent scale to matter and

the second is that the fundamental quanta of geometry are fermions. We explain

how, in the context of the model, this gives rise to an e�ective dark energy den-

sity, without contradicting established results including the no go theorems for

multiple quantisation constants, which still hold for species of material particles,

and the spin-2 nature of gravitons.

GR 3.6 Mon 17:55 GR-H3
Power spectrum for perturbations in an in�ationary model for a closed uni-
verse — ∙tatevik vardanyan and claus kiefer — Institute for �eoretical

Physics, University of Cologne, Köln, Germany

We derive the power spectrum of primordial quantum �uctuations in an in�a-

tionary universe for curvature parameter K = 1. �is is achieved through a

Born-Oppenheimer type of approximation scheme from the Wheeler-DeWitt

equation of canonical quantum gravity using gauge-invariant variables. Com-

pared to the �atmodel, the closedmodel exhibits a de�cit of power at large scales.

Reference: arXiv:2111.07835

GR 4: General Relativity
Time: Tuesday 11:00–12:30 Location: GR-H2

Invited Talk GR 4.1 Tue 11:00 GR-H2
Pseudospectrum and black hole quasi-normal mode (in)stability —

∙Rodrigo PanossoMacedo—University of Southampton

Black hole spectroscopy is as a powerful approach to extract spacetime infor-

mation from gravitational wave observed signals. However, quasinormal mode

(QNM) spectral instability under high wave-number perturbations has been re-

cently shown to be a common classical general relativistic phenomenon. I will

discuss these recent results on the stability of QNM in asymptotically �at black

hole spacetimes by means of a pseudospectrum analysis.

Invited Talk GR 4.2 Tue 11:45 GR-H2
Observable Signatures of Quantized Gravity in Quantum Optical Experi-
ments — ∙Dennis Rätzel — Institut für Physik, Humboldt Universität zu

Berlin, Newtonstraße 15, 12489 Berlin, Germany

For nearly a century there has been an apparent tension between known laws

of physics. �e classical theory of General Relativity describes all macroscopic

gravitational phenomena, while Quantum �eory is the basis for the descrip-

tion of matter at the microscopic scale. Yet, so far there has been no consensus

on how, or even if, they can �t together. A �nal and conclusive answer to the

question of whether gravity ought to be quantized must be based on empirical

evidence.

In this talk, I will discuss the search for observable signatures of quantized

gravity in quantum optics by means of two examples of gravitationally inter-

acting quantum systems: photons in a polarization-entangled state and small

masses in spatial superposition states. I will present experimental proposals and

discuss their feasibility and what can be learned from them in principle.

GR 5: Gravitational Waves
Time: Tuesday 16:15–18:35 Location: GR-H2

GR 5.1 Tue 16:15 GR-H2
�e scienti�c potential of gravitational waves from Extreme Mass Ratio In-
spirals — ∙Lorenzo Speri — Max Planck Institute for Gravitational Physics

(Albert Einstein Institute) Am Muehlenberg 1, 14476 Potsdam, Germany

One of the primary sources for the future space-based gravitational wave detec-

tor, the Laser Interferometer Space Antenna, are the inspirals of small compact

objects into massive black holes in the centers of galaxies.�e gravitational wave

observations of such Extreme Mass Ratio Inspiral (EMRI) systems have a huge

scienti�c potential. �e compact object typically completes hundred thousand

cycles in band, during which time it is orbiting in the strong �eld region close to

the central rotating black hole. Because of this, EMRI signals encode a detailed

map of the background space-time and o�er a unique opportunity to measure

the properties and environment ofMassive BlackHoles, and to test for deviations

fromGeneral Relativity (GR). Properlymodeling EMRIs is of paramount impor-

tance to unlock such potential. In this talk I will review how EMRI waveform

models are constructed, and show how environmental and beyond GR e�ects

can be included. I will discuss the ability of EMRI signals to constrain accre-

tion disk and beyond GR parameters. I will conclude by highlighting the future

challenges for EMRI gravitational wave modeling.

GR 5.2 Tue 16:35 GR-H2
Detecting long-duration gravitational wave signals — ∙Liudmila Fesik and
MariaAlessandra Papa—Max Planck Institute for Gravitational Physics (Al-

bert Einstein Institute) and Leibniz University, Callinstraße 38, 30167 Hannover,

Germany

Spinning neutron stars are sources of long-duration continuous waves (CWs)

that may be detected by interferometric detectors. We focus on glitching pul-

sars with abrupt spin-ups and long term spin-down, which imprint in CWs as
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transient signals from weeks to months. Standart method for identifying tran-

sient signals is the match-�ltering, which combines a coherent detection statis-

tics over time intervals of di�erent duration. We propose a new method, where

the most information from an initial search is considered in order to set up the

post-following transient searches. We characterize the method by determining

the false alarm and false dismissal probabilities for di�erent signal strengths, and

appropriate choices of the relative detection thresholds. We compare the sensi-

tivity of this method with the standart match-�ltering.

GR 5.3 Tue 16:55 GR-H2
Interference of strongly lensedGravitationalWaves— ∙Stefano Savastano1

,

Filippo Vernizzi
2
, and Miguel Zumalacarregui

1
—

1
Max Planck Institute

for Gravitational Physics (Albert Einstein Institute), AmMühlenberg 1, D-14476

Potsdam-Golm, Germany —
2
Institut de Physique�eorique, Universite Paris

Saclay CEA, CNRS, 91191 Gif-sur-Yvette, France

Gravitational waves (GW) can be lensed by inhomogeneities on their journey

from source to observer, just as electromagnetic radiation. Lens parameters

can be extracted from the phase evolution of lensed signals. Continuous GWs

(CGW) have a negligible frequency evolution, so the full degeneracy between

source and lens parameters limits the extraction. I will discuss how studying the

interference pattern produced by strongly lensed CGWs images can enhance the

inference of lens parameters. In particular, I will show that the relative motion of

the lens to the source or a small frequency evolution can break this degeneracy

for some systems. Finally, I will discuss detection perspectives of CGWs lensing

for Earth and space-based detectors and elaborate on some possible applications

of this tool.

GR 5.4 Tue 17:15 GR-H2
Scattering gravitational waves o� e�ective spinning black holes— ∙Venkata
Sai SakethMuddu and Justin Vines—Max Planck institute for gravitational

physics, Potsdam Science Park AmMühlenberg 1 D-14476 Potsdam, Germany

�e scattering of gravitational waves o� a black hole contains valuable infor-

mation characterizing the response of a black hole to an external gravitational

�eld. We present a new method for computing scattering amplitudes for this

process, using an e�ective worldline theory where the black hole is treated as

a point particle equipped with multipole moments. �ese moments can be in-

trinsic or induced. �e e�ective action couples the black hole’s moments to an

external gravitational �eld via interaction terms, which contain unknown coef-

�cients. We consider a plane wave impinging on the black hole and consider its

response to the incoming wave. In the e�ective theory, this leads to a scattered

wave produced by the black hole. Comparing the scattered wave to the incident

wave gives us the amplitude. We solve for the amplitude iteratively in powers of

spin (the Kerr ring radius). Comparing the amplitude from the e�ective theory

to that obtained by solving the Teukolsky equation in a Kerr background can �x

the unknown coe�cients in the e�ective action. Using our amplitude as an ef-

fective “gravitational Compton amplitude” in a triangle unitarity cut, we can also

compute contributions to the relativistic scattering amplitude and subsequently

the radial action for black-hole–black-hole scattering.

GR 5.5 Tue 17:35 GR-H2
Black-hole ringdown as a probe of higher-curvature gravity theories —
∙Abhirup Ghosh1

, Hector O. Silva
1
, and Alessandra Buonanno

1,2
—

1
Max Planck Institute for Gravitational Physics (Albert Einstein Institute), Am

Mühlenberg 1, Potsdam 14476, Germany—
2
Department of Physics, University

of Maryland, College Park, MD 20742, USA

Observations of gravitational waves from the mergers of compact objects like

black holes have allowed us to test, for the �rst time, the nature of strong-�eld

gravity. Albert Einstein’s theory of General relativity (GR) remains our best de-

scription of gravitational interaction, andmost of the strong-�eld tests of gravity

demonstrated on LIGO-Virgo signals have been null tests of GR, i.e, they check

for consistency between observations and predictions of GR and place bounds

on possible deviations from these predictions. Issues such as the quantization of

GR and the cosmological constant problem suggest that Einstein’s theory might

not be a complete description of gravity and might require modi�cations. In

this work, we use observations of the black hole ringdown from the latest LIGO-

Virgo catalog of gravitational wave signals (GWTC-3) in an attempt to constrain

possible deviations due to well-motivated higher-curvature theories of gravity.

GR 5.6 Tue 17:55 GR-H2
Probing new physics on the horizon of black holes with gravitational waves—
∙Elisa Maggio—Max Planck Institute for Gravitational Physics (Albert Ein-

stein Institute), Am Mühlenberg 1, 14476 Potsdam, Germany

Black holes are the most compact objects in the universe. According to general

relativity, black holes have a horizon that hides a singularity where Einstein’s the-

ory breaks down. Recently, gravitational waves opened the possibility to probe

the existence of horizons and investigate the nature of compact objects.�is is of

particular interest given some quantum-gravity models which predict the pres-

ence of horizonless and singularity-free compact objects. Such exotic compact

objects can emit a di�erent gravitational-wave signal relative to the black hole

case. In this talk, I overview the gravitational-wave phenomenology of exotic

compact objects. I infer how extreme mass-ratio inspirals observable by future

gravitational-wave detectors will allow for model-independent tests of the black

hole paradigm.

GR 5.7 Tue 18:15 GR-H2
General Relativity fromWorldline Quantum Field�eory— ∙Gustav Uhre
Jakobsen—Humboldt-Universität zu Berlin, Berlin, Germany—Max-Planck-

Institut für Gravitationsphysik, Potsdam, Germany

�e worldline quantum �eld theory (WQFT) has recently been developed in or-

der to describe classical gravitational interactions. While the goal is to analyse

bound dynamics of binaries and their gravitational waves, this framework most

naturally describes scattering (unbound) events.�is in line with other quantum

�eld theoretic approaches. However, several insights from this �eld has shown

that the two regimes of unbound vs bound motion are intrinsically related.

I will present our current supersymmetric WQFT which describes spinning

black holes or stars. Here, the supersymmetry encodes the symmetries of the

spin degrees of freedom. I will consider several of the scattering observables that

we have derived from this WQFT and how they can be related to bound ones.

Examples are the eikonal, the spin kick and the total de�ection.

Finally, I will consider future perspectives and challenges of the WQFT.�is

includes extending the WQFT in order to describe new phenomenological as-

pects of e.g. neutron stars and improving the integration techniques in order to

increase precision of observables.

GR 6: Cosmology
Time: Tuesday 16:15–18:15 Location: GR-H3

GR 6.1 Tue 16:15 GR-H3
Psi in the sky - the cosmology window on wavelike darkmatter— ∙CoraUh-
lemann—Newcastle University, Newcastle-upon-Tyne, UK

Despite the astonishing success of cosmological probes in constraining the

LCDM model, the dark matter mass remains one of the least constrained phys-

ical parameters. Wavelike dark matter is an intriguing alternative to standard

cold dark matter with key particle physics motivations (like the QCD axion or

ultralight axion-like particles) and distinct astrophysical signatures. With a sim-

ple dynamical model for the evolution of the dark matter wavefunction (Psi), I

will demonstrate how to predict the formation of topological defects and gran-

ules arising from destructive and constructive wave interference. Together with

the wave interference imprint on substructures that leads to exciting and varied

probing mechanisms bridging cosmology, astrophysics and particle physics.

GR 6.2 Tue 16:35 GR-H3
�e Schrödinger-Poisson Equation in One Spatial Dimension — ∙Nico
Schwersenz

1
, Tim Zimmermann

2
, Victor Loaiza

3
, Javier Madroñero

3
,

Massimo Pietroni
4,5
, Luca Amendola

1
, and Sandro Wimberger

4,5
—

1
Institut für�eoretische Physik, Universität Heidelberg, Germany —

2
Institutt

for Teoretisk Astrofysikk, Universitetet i Oslo, Norway —
3
Departamento de

Física, Universidad del Valle, Cali, Colombia —
4
Dipartimento di Scienze

Matematiche, Fisiche e Informatiche, Università di Parma, Italy —
5
INFN,

Sezione di Milano Bicocca, Gruppo Collegato di Parma, Italy

Despite the success ofWave-likeDarkMatter [1] in explaining cosmological pro-

cesses, its major issue is the high demand in computational resources. Not only

does the non-linear, non-local nature of the underlying Schrödinger-Poisson

equation pose a problem, but also the range of scales that have to be resolved.

We construct two distinct one-dimensional toymodels [2] that are less expensive

from a numerical viewpoint, but still provide analogues to the phenomena ob-

served in three dimensions. Our high-precision numerical technique is tested by

an independent method. Some exemplary results will be shown for two di�erent
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ways of treating the transverse dimensions, assuming uniform matter distribu-

tion in the �rst and strong con�nement - e�ectively renormalizing the mass - in

the second case.

[1] J. C. Niemeyer, Progress in Particle and Nuclear Physics 113, 103787 (2020)
[2] T. Zimmermann, N. Schwersenz, M. Pietroni, S.Wimberger, Physical Review

D 103, 083018 (2021)

GR 6.3 Tue 16:55 GR-H3
�e Hawking energy of a cosmic observer in linearly perturbed FLRW —

∙Dennis Stock and Ruth Durrer — Université de Genève, Département

de Physique �éorique and Center for Astroparticle Physics, 24 quai Ernest-

Ansermet, CH-1211 Genève 4, Switzerland

Addressing cosmological questions exclusively based on observations requires

a formulation on the past lightcone of the cosmic observer. In this talk, the

question of how to de�ne gravitational energy associated with the past lightcone

of a cosmic observer is studied by introducing Hawking’s quasi-local energy as

a tentative energy measure of the observable Universe. �e Hawking energy

phenomenologically quanti�es energy in terms of light bending. �is talk will

mainly focus on the relation of the Hawking energy to cosmological observables

within linear perturbation theory on an FLRW background.

GR 6.4 Tue 17:15 GR-H3
In�uence of cosmological expansion in local experiments — ∙Felix
Spengler

1
, Alessio Belenchia

1,2
, Dennis Rätzel

3
, and Daniel Braun

1
—

1
Intitut für theoretische Physik, Universität Tübingen, Tübingen, Germany —

2
Centre for�eoretical Atomic, Molecular, andOptical Physics, School ofMath-

ematics and Physics, Queens University, Belfast, United Kingdom—
3
Humboldt

Universität zu Berlin, Institut für Physik, Berlin, Germany

Whether the cosmological expansion can in�uence the local dynamics, below the

galaxy clusters scale,has been the subject of intense investigations. We consider

McVittie and Kottler spacetimes, embedding a spherical object in an expanding

Friedmann-Lemaître-Robertson-Walker spacetime as a rough approximation of

a local environment immersed in a globally expanding universe. We then cal-

culate the in�uence of the cosmological expansion on the frequency shi� of a

resonator moving along di�erent trajectories and estimate its e�ect on the ex-

change of light signals between local observers. Our results show the impact of

the global expansion on these local experiments and give and upper estimate on

the e�ects we can expect in more realistic conditions below the galaxy clusters

scale.

GR 6.5 Tue 17:35 GR-H3
Reaching precision cosmology faster with velocities— ∙Miguel Quartin—

Institute of�eoretical Physics, Heidelberg University, Philosophenweg 16, Hei-

delberg— Instituto de Física, Universidade Federal doRio de Janeiro, 21941-972,

Rio de Janeiro, RJ, Brazil

We will show how standard candles such as type Ia supernovae and standard

sirens can be used as tracers of both density and velocity �elds, thus serving a new

purpose in cosmology beyond mere distance indicators. We discuss how these

new tracers can be combined with galaxy surveys, combining galaxy and su-

pernova position and redshi� data with supernova peculiar velocities, obtained

through theirmagnitude scatter.�e fullmethod relies on a 6x2pt analysis which

includes six power spectra. We proceed then to forecast the performance of fu-

ture surveys like LSST and 4MOSTwith a FisherMatrix analysis, adopting both a

model-dependent and a model-independent approach. We compare the perfor-

mance of the 6x2pt approach to the traditional one using only galaxy clustering

and some recently proposed combinations of galaxy and supernovae data and

quantify the possible gains by optimally extracting the linear information. We

show that the 6x2pt method shrinks the uncertainty in growth of structure pa-

rameters signi�cantly.�e combined clustering and velocity data on the growth

of structures has uncertainties at similar levels to those of the CMB but exhibit

orthogonal degeneracies, and the combined constraints yield very large improve-

ments in parameters both at the background and perturbation-level.

GR 6.6 Tue 17:55 GR-H3
First constraints on the intrinsic CMB dipole and our velocity with Doppler
and aberration— ∙Pedro da Silveira Ferreira—Observatório do Valongo,

Universidade Federal do Rio de Janeiro, Rio de Janeiro - RJ, Brazil

We test the usual hypothesis that the Cosmic Microwave Background (CMB)

dipole, its largest anisotropy, is due to our peculiar velocity with respect to the

Hubble �ow by measuring independently the Doppler and aberration e�ects on

the CMB using Planck 2018 data. We remove the spurious contributions from

the conversion of intensity into temperature and arrive at measurements which

are independent from the CMB dipole itself for both temperature and polariza-

tion maps and both SMICA and NILC component-separation methods. Com-

bining these new measurements with the dipole one we get the �rst constraints

on the intrinsic CMB dipole. Assuming a standard dipolar lensing contribution

we can put an upper limit on the intrinsic amplitude: 3.7mK (95% CI). We esti-

mate the peculiar velocity of the solar system without assuming a negligible in-

trinsic dipole contribution: v = (300+111−93 ) km/s with (l , b) = (276± 33, 51± 19)∘

[SMICA], and v = (296+111−88 ) km/s with (l , b) = (280±33, 50±20)∘ [NILC] with
negligible systematic contributions.�ese values are consistent with the peculiar

velocity hypothesis of the dipole.

GR 7: General Relativity
Time: Wednesday 11:00–11:45 Location: GR-H2

Invited Talk GR 7.1 Wed 11:00 GR-H2
Numerical Relativity and Gravitational Wave Observations — ∙Harald
Pfeiffer—Max-Planck-Institute for Gravitational Physics

Gravitational wave detectors have observed nearly 100 mergers of compact ob-

ject binaries since the ground-breaking �rst observation in 2015. Direct super-

computer calculations are the only means to access the highly dynamic and non-

linear merger phase of such binaries. �e simulations elucidate the behavior of

space-time and matter in the extreme conditions near merger and play a crucial

part in detection and analysis of gravitational wave observations. �is talk in-

troduces the techniques of numerical relativity and surveys some recent results.

�e talk then highlights the importance of numerical relativity simulations for

gravitational wave astronomy.

GR 8: Gravitational Waves
Time: Wednesday 11:45–12:25 Location: GR-H2

GR 8.1 Wed 11:45 GR-H2
On the accuracy of gravitational-wave observations — ∙Frank Ohme —
Max-Planck-Institut für Gravitationsphysik (AEI), Hannover, Deutschland —

Leibniz-Universität Hannover, Deutschland

�e catalogue of gravitational-wave observations continues to grow with every

LIGO-Virgo observing run. Nearly 100 signals from compact binary mergers

have been identi�ed in the �rst three runs. Each signal’s source properties are

determined by comparing theoretical models with the data.�is process is sub-

ject to two categories of uncertainties (or errors): statistical errors account for

the presence of detector noise; systematic errors arise from inaccuracies of the

signal models. I this talk, I will highlight ways to measure and compare the two

sources of errors and assess how they impact current and future gravitational-

wave observations.

GR 8.2 Wed 12:05 GR-H2
Dynamical tides and gravitational scattering — ∙Jan Steinhoff — Max

Planck Institute for Gravitational Physics (Albert Einstein Institute), Potsdam,

Germany

Gravitational wave astronomy o�ers a promising tool to infer the nuclear physics

of neutron stars from observations of inspiraling andmerging binaries.�is talk

addresses the necessity to accurately model dynamical tidal e�ects during the

inspiral, for instance the resonant excitation of neutron star oscillation modes,

for the era of third generation detectors. For this purpose, a fully relativistic

e�ective-�eld-theory model for tidal e�ects is put forward. Gravitational scat-

tering is discussed as a promising Gedanken experiment to determine the tidal

parameters of the model, and for modeling binary systems in general.
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GR 9: Gravitational Waves
Time: Wednesday 16:15–18:35 Location: GR-H2

GR 9.1 Wed 16:15 GR-H2
Machine Learning Gravitational-Wave Search Mock Data Challenge —
∙Marlin Benedikt Schäfer — Albert-Einstein-Institut, D-30167 Hannover,

Germany — Leibniz Universität Hannover, D-30167 Hannover, Germany

Gravitational wave astronomy is a rapidly growing �eld and the number of de-

tections is rising faster with each observational period. With this come new chal-

lenges when extracting the signals from noise. A new approach to handle large

quantities of data and possibly search regions of parameter space that are com-

putationally prohibitive to search with state-of-the-art classical algorithms is the

utilization ofmachine learning techniques.�is projects aims to clarify the capa-

bilities of current deep learning algorithms and how they compare to traditional

methods. �e challenge provides mock data of gradually increasing realism to

aid the adoption of machine learning based algorithms in detection pipelines

and wants to help establishing the wide adoption of astrophysically motivated

evaluation metrics.

GR 9.2 Wed 16:35 GR-H2
New generation e�ective-one-body waveforms for binary black holes with
non-precessing spins — Serguei Ossokine1, Deyan Mihaylov

1
, ∙Lorenzo

Pompili
1
, Alessandra Buonanno

1,2
, Michael Pürrer

1
, and Mohammed

Khalil
1,2
—

1
Max Planck Institute for Gravitational Physics (Albert Einstein

Institute), Am Mühlenberg 1, Potsdam 14476, Germany —
2
Department of

Physics, University of Maryland, College Park, Maryland 20742, USA

We present an improved inspiral-merger-ringdown gravitational waveform

model for quasi-circular, spinning, non-precessing binary black holes within

the e�ective-one-body (EOB) formalism. Compared to its predecessor

SEOBNRv4HM the waveform model i) incorporates recent high-order post-

Newtonian results in the inspiral, with improved factorizations ii) includes

the gravitational modes (ℓ, |m|) = (3, 2), (4, 3), in addition to the (ℓ, |m|) =
(2, 2), (3, 3), (2, 1)(4, 4), (5, 5) modes already implemented in SEOBNRv4HM
iii) has been recalibrated to larger mass ratios and spins using a catalog of 441

numerical-relativity (NR) simulations, and to 13 additional waveforms from

black-hole perturbation theory.�e accuracy of the waveform model is quanti-

�ed by computing the unfaithfulness against theNR catalog used for its construc-

tion. �e waveform model has been implemented in a new Python framework,

that makes it easily extensible to include spin-precession and eccentricity e�ects,

thus making it the starting point for a new generation of EOB waveform models

(SEOBNRv5) to be employed for upcoming observing runs of the LIGO-Virgo-

KAGRA detectors.

GR 9.3 Wed 16:55 GR-H2
TEOBResumS: an advanced waveformmodel for O4— ∙RossellaGamba—
Friedrich-Schiller-Universität Jena, Jena, Germany

�e detection of Gravitational Waves by LIGO and Virgo opened a new, excep-

tional avenue for studying the physics of binary systems of compact objects, such

as black holes and neutron stars. Source properties can be extracted from the

LIGO/Virgo data via matched �ltering techniques that employ waveform tem-

plates, i.e. theoretical models of the gravitational waves (GWs) emitted by the

two coalescing bodies. To be able to obtain the largest amount of information

from the data, such models must incorporate a large amount of physics while

retaining high faithfulness to waveforms from numerical relativity simulations.

In this talk I will present TEOBResumS, an e�cient state-of-the-art waveform

model for GWs from generic binary systems. I will detail the physics included,

highlight its computational e�ciency and faithfulness and show applications to

real and simulated data in view of the fourth observing run O4, planned for late

2022.

GR 9.4 Wed 17:15 GR-H2
TEOBResumS for black-hole-neutron starmerger waveforms— ∙Alejandra
Gonzalez

1
, Rossella Gamba

1
, Matteo Breschi

1
, Francesco Zappa
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�eoretisch-

Physikalisches Institut, Friedrich-Schiller-Universität Jena, 07743, Jena, Ger-

many —
2
INFN Sezione di Torino, Via P. Giuria 1, 10125 Torino, Italy

We present a new e�ective-one-body (EOB) model for black-hole-neutron-star

merger waveforms based on a numerical-relativity (NR) informed model of the

remnant BH state and a ringdown that deforms the EOB ringdown for binary

black holes. �e new model reproduces the (2,2) mode waveform of NR sim-

ulations with typical phase agreement within 0.5 rad to merger and within 1

rad including ringdown. Comparing to other available BHNS waveform mod-

els, the NR phasing is captured with a comparable accuracy. �e model also

includes higher modes (2,1), (2,2), (3,2), (3,3), (4,4) and (5,5). We present a full

Bayesian analysis of the gravitational-wave events GW190814, GW200105, and

GW200115, and �nd consistent results with previous studies.

GR 9.5 Wed 17:35 GR-H2
Realistic observing scenarios for the next decade of early warning detec-
tion of binary neutron stars — Ryan Magee

1
and ∙Ssohrab Borhanian2

—
1
California Institute of Technology, Pasadena, USA —

2
Friedrich-Schiller-

Universität Jena, Jena, Germany

We describe realistic observing scenarios for early warning detection of binary

neutron star mergers with the current generation of ground-based gravitational-

wave detectors as these approach design sensitivity. Using Fisher analysis, we

compute both the number of detections and the sky localizations to expect from

future detector network con�gurations. We estimate that the Advanced LIGO

and Advanced Virgo facilities will detect two signals before merger in their

fourth observing run, while the addition of the Kagra and LIGO-India detec-

tors, at design sensitivites, should increase these numbers to the order of 10 early

warning detections per year in the ��h observing run. More than 70% of these

events will be localized to less than 100 deg
2
, with one achieving a localization

of ∼ 20 deg
2
. Given uncertainties in sensitivities, participating detectors, and

duty cycles, we include a data release that allows for full generalizability of future

detector networks so electromagnetic observers can tailor preparations towards

their preferred models.

GR 9.6 Wed 17:55 GR-H2
Quantifying modelling uncertainties when combining multiple
gravitational-wave detections from binary neutron star sources — ∙Nina
Kunert
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6
Max Planck

Institute for Gravitational Physics (Albert Einstein Institute), Am Muehlenberg

1, Potsdam 14476, Germany

�e combined analysis of multiple gravitational-wave signals from binary neu-

tron star sources enables to constrain the neutron-star radius with unprece-

dented accuracy in the near future. However, it is crucial to ensure that un-

certainties inherent in the gravitational-wave models will not lead to systematic

biases when multiple detections are combined. To quantify waveform systemat-

ics, we perform an extensive simulation campaign of binary neutron-star sources

and analyse them with a set of four di�erent waveformmodels. We �nd that sta-

tistical uncertainties in the neutron-star radius decrease to ±250m (2% at 90%
credible interval), while systematic di�erences among currently employed wave-

form models can be twice as large emphasizing the need for waveform models

with increased accuracy.

GR 9.7 Wed 18:15 GR-H2
Neutrino and viscosity e�ects on binary neutron star dynamics, gravita-
tionalwaves and emittedmaterial— ∙FrancescoZappa—Friedrich-Schiller-
Universität Jena�eoretisch-Physikalisches Institut

We present a multi-resolution andmulti-physics comparison of simulations per-

formed with the WhiskyTHC code of a single binary*neutron star merger with

component neutron star mass of 1.3 M⊙ using the �nite-temperature equation
of state SLy4. Our simulations set consists of pure General Relativistic Hydro-

dynamic evolution; simulations with a leakage scheme for neutrino production;

runs which include M0 treatment for the propagation of free-streaming neutri-

nos; simulations which include an e�ective treatment for magnetic-driven tur-

bulent viscosity; simulations which make use of the THC_M1 scheme recently

implemented in the code for neutrino treatment. We �nd that the e�ect of reso-

lution is dominant with respect to the di�erent physics simulated regarding the

gravitational wave production and the merger dynamics, as well as on the onset

of black hole collapse.�e post-merger disk mass, the disk composition and its

thermodynamic properties are instead a�ected by the production of neutrinos or

the presence of turbulent viscosity.�e ejectedmass and its proton fraction has a

very strong dependence on the neutrino treatment employed. Our higher reso-

lution runs con�rm that the proton-richest matter is produced when employing

M1, at small angles from the orbital plane.
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GR 10: Foundations and Alternatives
Time: Wednesday 16:15–18:35 Location: GR-H3

GR 10.1 Wed 16:15 GR-H3
Lorentzianische Relativität— ∙AlbrechtGiese—Taxusweg 15, 22605 Ham-
burg

Warum lorentzianisch? Die Relativität von Einstein beruht auf der Annahme,

dass die gemessene Konstanz der Lichtgeschwindigkeit eine physikalische Rea-

lität ist, kein bloßes Messergebnis. Sie führt jedoch zu Komplikationen. Sie er-

forderte den Ansatz einer verwobenen Raum-Zeit, welche die viel einfachere eu-

klidische Geometrie ersetzten musste. Sie (Einsteins Ansatz) führt dabei zu lo-

gischen Kon�ikten, sobald es nicht um lineare Bewegung, sondern umDrehung

geht. Einstein hat diese Kon�ikte sogar gegenüber seinem Kollegen Lorentz ein-

geräumt. Doch hat er nie eine echte Lösung dafür angeboten.

Folgt man dem Ansatz von Lorentz, werden sowohl die mathematische Be-

handlung als auch die Vorstellbarkeit grandios einfacher. Die logischen Kon�ik-

te bei Einstein werden vermieden. O�ene Probleme der heutigen RT wie vor

allem die dunkle Materie und dunkle Energie entfallen gänzlich. Dabei sind die

Ergebnisse die gleichen wie bei Einstein, sowohl für die spezielle als auch die

allgemeine Relativität.

Further info: www.ag-physics.org/relat

GR 10.2 Wed 16:35 GR-H3
Relativitätstheorie 2.0— ∙Ralf R. Lenke— 73466 Lauchheim
Das Relativitätsprinzip ist eine fundamentale Eigenscha� unseres Universums.

Albert Einstein leitete daraus auf ‘mathematischem’Weg seineRelativitätstheorie

(RT) ab. Bis heute ungeklärt ist allerdings, warum unser Universum dem Relati-

vitätsprinzip folgt. Bis heute gibt es dafür kein in sich geschlossenes, ‘physikalisch

anschauliches’ Modell.

Das grundlegende Experiment für die RT war das Michelson-Morley-

Experiment (MME). Aus ihm leitet sich u.a. die ‘Lichtuhr’ ab, als anschauliche

Erklärung für die relativistische Zeitdilatation. Aber darüber hinaus gibt es kei-

ne weiteren, wirklich anschaulichen Erklärungen; weder für die Gleichzeitigkeit,

und schon gar nicht für die relativistische Längenkontraktion. Diese Asymme-

trie in der Anschauung sollte eigentlich verwundern, angesichts der ansonsten

herrschenden Symmetrie in Raum und Zeit, der sogenannten 4-dimensionalen

Raumzeit.

Tatsächlich steckt im MME mehr: Eine rigorose Betrachtung des MME

mit den Mitteln der klassischen Optik führt zum ‘seitlich dri�enden’ Licht-

strahl, welcher Zeitdilatation, Längenkontraktion und Gleichzeitigkeit auf einen

Blick o�ensichtlich werden lässt. Daraus folgt unmittelbar, dass die speziel-

le RT eine direkte Folge des Wellencharakters der Natur ist und die Lorentz-

Transformationen nichts weiter sind als der Doppler-E�ekt.

Diese Arbeit geht weit über einen didaktischen Aspekt hinaus. Relativitäts-

theorie und Quantenmechanik erscheinen unter einem ganz neuen Blickwinkel.

Weitere Informationen unter: https://die-neue-relativitaetstheorie.de/

GR 10.3 Wed 16:55 GR-H3
Noether’s �eorem and Gravitation in Multi-Particle Systems — ∙Walter
Smilga—Geretsried, Deutschland

According to Noether’s theorem, the total momentum of an isolated multi-

particle system (of massive particles) is conserved as consequence of transla-

tional invariance. In agreement with the inverse of Noether’s theorem, the indi-

vidual particle momenta are in general not conserved but time-dependent.�e

conservation of the total momentum constrains the temporal variability of the

particle momenta. Constraints on the particle momenta imply constraints on

the particle trajectories. �e constrained particle trajectories de�ne a pseudo-

Riemannian spacetime described by the �eld equations of Conformal Gravity.

�is spacetime is ‘quantised’ without problems, leading to a consistent quantum

gravity.

GR 10.4 Wed 17:15 GR-H3
�eses for a Closed, Self Sustaining and Timeless Universe — ∙Thomas
Wäscher— IBW Engineering, 69231 Rauenberg

To overcome the persistent non-detectability of presumedDarkMatter andDark

Energy theses are given which implicate the need for a strong paradigm shi� in

the standard model of cosmology.

1. �e universe is curved and closed by its own gravity, it is in the mean ho-

mogenious, isotropic and adiabat (Einstein universe) with a constant all over

visible CMB-event horizon short before R = c/H [m].
2.�e universe is dominated by a stabilizing internal process cycle of the sta-

tionary power emission of radiation P = c5/2G [W] balanced by the equivalent
mass �ow of ṁ = c3/2G [kg/s]
3. Normalised by the lookback time t = r/c the Hubble eqn. v = Hr results

in |a| = Hc [m/s2], a scalar background �eld creating gravity deviations e.g.
rotation anomalies.

4. Crossing the universe the radiation is subject to redshi� z by gathering
the grav. potential z = Φ/Φo = ar/c2 (linear up to z ≈ 0.1, relativistic

z = ((1 + ar/c2)/(1 − ar/c2))0.5 − 1)

5.�e understanding of the Hubble parameter H changes from a velocity per
distance (≈70km/sMpc) to a decay constantH ≈ 2.27×10−18 [s−1], which might
be the real origin of gravity.

6. �eses 1-5 demand recycling of elements Z>1 to generate fresh hydrogen.
Most probably this happens in the core of millions of neutron stars (i.e. pulsars)

where nuclei can be unlocked down to the scale of quarks by the extreme grav-

ity. As observed for long, huge clouds of H are out�owing bidirectional from the

disc level of galaxies.

GR 10.5 Wed 17:35 GR-H3
Zur Sommerfeld Feinstrukturkonstante aus der Sicht Einsteins —

∙GeilhauptManfred—Mönchengladbach, Webschulstr. 31

Einstein (1923) zu seinem Kollegen Dirac: ”Eine�eorie die Ladung und Masse

des Elektrons a priori setzt ist unvollständig.” Das gilt nun seit 100 Jahren sowohl

für die ST also auch für die ART. Dirac (1965 in Scienti�c American) mit seiner

Hypothese, Elektron-Masse (m) und Ladung (e) und Lichtgeschwindigkeit (c)

sind DIE fundamentalen Naturkonstanten, die Gravitationskonstante (G) und

die Planck-Konstante (h) aber nicht, hatte mit diesen Annahmen keine Chance,

eine Lösung zu �nden.Wennman die ARTmit den Prinzipien der TD verbindet,

liefert die Bewegungsgleichung der ART für ein RUHENDES Elektron, sowohl

Masse, Ladung und überraschenderweise auch die Sommerfeld FSK (siehe DPG

2019). Es zeigt sich, dass diese FSK auch mit der Ruhemasse in Beziehung steht

und nicht nur mit der Elementarladung. Darüberhinaus hängt die FSK von der

Metrik des Einstein-Raumes ab.Wenn Parker (1/137.035999048(27)) undMorel

(1/137.035999206(11)) beide im Januar und im Juli ihre Messungen wiederho-

len, wird der Unterschied in der Metrik aufgrund des Sonnenstandes um +-(46)

variieren. (�e last word has the experiment.)

GR 10.6 Wed 17:55 GR-H3
Explanation of Quantum Physics by Gravity and Relativity — ∙Hans-Otto
Carmesin — Gymnasium Athenaeum, Harsefelder Straße 40, 21680 Stade —

Universität Bremen, Fachbereich 1, Postfach 330440, 28334 Bremen — Studi-

enseminar Stade, Bahnhofstraße 5, 21682 Stade

Since Planck discovered quantization in 1900, the nature of quanta was a mys-

tery.�at problem has now been resolved [1]. For it, I derived the postulates of

quantum physics from the equivalence principles, gravity and relativity, whereby

I analyzed the vacuum.

Using that derivation, I explain many quantities and properties of quantum

physics in a precise manner. Examples are the nature of nonlocality, the physical

quantity corresponding to the wave function ψ, the mathematical transforma-
tion describing the particle wave duality and the origin of the dynamics inherent

to the Schrödinger equation. Moreover, I propose and derive the generalized

Schrödinger equation. Especially, I solve the EPR paradox. Furthermore, I iden-

tify the physical basis of the Planck constant h.
Altogether, quantum physics has now been derived, explained and extended

in a direct and transparent manner on the basis of space, time and gravity. As

an additional and global test of that explanation, I derive the density parameter

ΩΛ of the vacuum or of dark energy in the universe by using the wave function

ψ. �e result is in precise accordance with observation, whereby I do not apply
any �t.

[1] Carmesin, H.-O. (February 2022): Explanation of Quantum Physics by Grav-

ity and Relativity. Berlin: Verlag Dr. Köster.

GR 10.7 Wed 18:15 GR-H3
5th edition of “Special and general theory of relativity for ...“ — ∙Jürgen
Brandes—Karlsbad, Germany

Exactly and comprehensibly are discussed in [1]: �e experimental proofs

of relativity theory, the solutions of the paradoxes and the EINSTEIN- and

LORENTZ-interpretation of special and general relativity. Included are the twin

paradox and the paradoxes of BELL, EHRENFEST and SAGNAC.

THORNE, Nobel Prize 2017, calls these interpretations the curved spacetime
paradigm and the �at spacetime paradigm and states: “It is extremely useful, in
relativity research, to have both paradigms at one‘s �ngertips.“ Consenting, both

interpretations are discussed in equal rights.

An important point in [1] concerns energy conservation. Within NEWTON’s
theory there is a negative gravitational potential, on account of the famous re-

lation E = mc2 this means negative masses. Negative masses don’t exist. Nei-
ther NEWTON’s nor EINSTEIN’s theory can explain the meaning of the nega-

tive energy of particles resting in the gravitational �eld. Additionally, in certain

limiting cases there exist contradictious formulas of total energy. In both cases

LORENTZ-interpretation gives a clear, experimentally veri�able answer.

[1] J. Brandes, J. Czerniawski, L. Neidhart: Spezielle und Allgemeine Relativ-
itätstheorie für Physiker und Philosophen - Einstein- und Lorentz-Interpretation,
Paradoxien, Raum und Zeit, Experimente, 5th edition, VRI: 2022. [2] homepage
www.grt-li.de
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GR 11: Relativistic Astrophysics
Time:�ursday 11:00–12:40 Location: GR-H2

GR 11.1 �u 11:00 GR-H2
Constraining supranuclear-dense matter with nuclear physics and multi-
messenger astrophysics— ∙Tim Dietrich— Institute of Physics and Astron-
omy, University of Potsdam, Potsdam, Germany — Max Planck Institute for

Gravitational Physics (Albert Einstein Institute), Potsdam, Germany

Our knowledge about dense matter explored in the cores of neutron stars re-

mains limited. Fortunately, the detection of gravitational waves emitted from

the merger of neutron stars and the corresponding electromagnetic signals al-

lows us to place constraints on the properties of matter at supranuclear densities.

Furthermore, such densities are not only probed in astrophysical observations,

but also in terrestrial experiments. In this work, we use Bayesian inference to

combine a large set of data from astrophysical multi-messenger observations of

neutron stars and from heavy-ion collisions of gold nuclei at relativistic ener-

gies with microscopic nuclear theory calculations. Our �ndings show that con-

straints from heavy-ion collision experiments show a remarkable consistency

with multi-messenger observations and provide complementary information on

nuclear matter at intermediate densities. �is work combines nuclear theory,

nuclear experiments, and astrophysical observations from multiple messengers.

Such joint analyses will be the key to shed light on the properties of neutron-rich

supranuclear matter over the density range probed in neutron stars.

GR 11.2 �u 11:20 GR-H2
Tidally-driven crustal failure in coalescing binaries of neutron stars as trig-
gers for precursor �ares of short gamma-ray burst — ∙Hao-Jui Kuan1,2

,

Arthur Suvorov
3
, and Kostas Kokkotas

1
—

1
�eoretical Astrophysics,

IAAT, University of Tübingen, Tübingen, D-72076, Germany —
2
National Ts-

ing Hua University, Hsinchu 300, Taiwan—
3
Manly Astrophysics, 15/41-42 East

Esplanade, Manly, NSW 2095, Australia

In some short gamma-ray bursts, precursor �ares occurring ∼ seconds prior to
the main episode have been observed.�ese �ares may then be associated with

the last few cycles of the inspiral when the orbital frequency is a few hundred Hz.

During these �nal cycles, tidal forces can resonantly excite quasi-normal modes

in the inspiralling stars, leading to a rapid increase in their amplitude. It has been

shown that thesemodes can exert su�ciently strong strains onto the neutron star

crust to instigate yieldings. Among other possible modes, the typical frequencies

of д-modes being ∼ 100 Hz warrant further investigation since their resonances

with the orbital frequencymatch the precursor timings. Adopting realistic equa-

tions of state (EOS) and solving the general-relativistic pulsation equations, we

study д-mode resonances in coalescing quasi-circular binaries, where we con-
sider various stellar rotation rates, degrees of strati�cation, and magnetic �eld

structures. We show that for some combination of stellar parameters, the reso-

nantly excited д1- and д2-modesmay lead to crustal failure and trigger precursor
�ares, and also some EOS are more likely to cause the crustal cracks.

GR 11.3 �u 11:40 GR-H2
Non-thermal electromagnetic counterparts to binary neutron star mergers
and supernovae — ∙Vsevolod Nedora — Max-Planck-Institut für Gravita-
tionsphysik, Potsdam, Germany — Universität Potsdam, Potsdam, Germany

In 2017 the merger of two neutron stars was observed in gravitational waves and

across the electromagnetic spectrum. �e event was associated with the short

gamma-ray burst (GRB) GRB170817A, the a�erglow from which peaked 160

days a�er the burst, before starting to decay in agreement with short GRB mod-

els. Much later, 1234 days a�er the burst, a change in the GRB170718A light

curve behavior was observed, inconsistent with most GRB models.

We design a new numerical tool to model the synchrotron radiation arising

from interactions between the ejected matter and the interstellar medium, em-

ploying the recent theoretical advancements in our understanding of relativistic

jetted and oblate mildly relativistic out�ows.

Assuming that the change of the a�erglow is due to an emerging new compo-

nent (e.g., kilonova ejecta), we investigate the properties of this component by

modeling kilonova and GRB a�erglows simultaneously. �is allows us to take

advantage of all the gathered data and obtain new constraints on the dynamics

of the ejected matter and NS EOS.

GR 11.4 �u 12:00 GR-H2
Fast Rotating Relativistic Stars: Spectra and Stability without Approximation
— ∙ChristianKrueger andKostasKokkotas—Universitaet Tuebingen, Auf
der Morgenstelle 10, 72076 Tuebingen

�e oscillations and instabilities of relativistic stars are studied by taking into

account, for the �rst time, the contribution of a dynamic space-time.�e study

is based on the linearised version of Einstein’s equations and via this approach

the oscillation frequencies, the damping and growth times as well as the critical

values for the onset of the secular (CFS) instability are presented. �e ultimate

universal relations for asteroseismology are derived which can lead to relations

involving the moment of inertia and Love numbers in an e�ort to uniquely con-

strain the equation of state via all possible observables.�e results are important

for all stages of neutron star’s life but especially to nascent or post-merger cases.

GR 11.5 �u 12:20 GR-H2
Exploring black holes as particle accelerators: hoop-radius and escaping con-
ditions— Stefano Liberati2, ∙Christian Pfeifer1, and Javier Relancio3

—
1
University of Bremen, Bremen, Germany—

2
SISSA and INFN, Trieste, Italy

—
3
Università di Napoli Federico II, Napoli, Italy

�e possibility that rotating black holes could be natural particle accelerators

has been subject of intense debate. While it appears that for extremal Kerr

black holes arbitrarily high center of mass energies could be achieved, several

works pointed out that both theoretical as well as astrophysical arguments would

severely dampen the attainable energies. In this talk I study particle collisions

near Kerr black holes, in particular collision between an infalling particle from

in�nity and a target particle that is already in the near vicinity of the black hole

horizon. Most importantly, I will show how to implement the hoop conjecture

and discuss the astrophysical relevance of these target particle collisional Penrose

processes. �e outcome is that the center of mass energy in such collisions can

be ultra high. Moreover, I discuss that for nearly extremal black holes, the en-

ergy of the particles escaping the black hole region can be similarly large.�us,

these target particle collisional Penrose processes could contribute to the ob-

served spectrum of ultra high-energy cosmic rays, even if the hoop conjecture is

taken into account.

GR 12: Quantum gravity (joint session MP/GR)
Time:�ursday 11:00–12:40 Location: MP-H5

Invited Talk GR 12.1 �u 11:00 MP-H5
Reduced phase space quantisation in Loop quantum gravity and loop quan-
tum cosmology— ∙Kristina Giesel1, Bao-Fei Li2, and Parampreet Singh2

—
1
Institute for Quantum Gravity, Department of Physics, FAU Erlangen-

Nürnberg, Staudtstr. 7, 91058 Erlangen, Germany —
2
Department of Physics

and Astronomy, Louisiana State University, Baton Rouge, LA 70803, USA

In this talk an overview over results that apply a reduced phase space quanti-

sation to formulate the dynamics of loop quantum gravity and loop quantum

cosmology will be presented. It will be brie�y discussed how a reduced phase

space for GR can be derived by coupling additional reference matter. �e re-

duced phase space for GR is taking as a starting point for a loop quantisation

either in full LQG or in the symmetry reduced case of LQC. Di�erent choices of

reference matter yield in general di�erent quantum models and several existing

models will be compared. In the framework of LQC it will be analysed how dif-

ferent choices of reference matter can lead to di�erent physical properties of the

models and it will be discussed what kind of conditions appropriate reference

matter should satisfy in this context.

Invited Talk GR 12.2 �u 11:30 MP-H5
Quantum �elds propagating on curved backgrounds and their in�uence on
spacetime curvature — ∙Nicola Pinamonti — Department of Mathematics,
University of Genova, Italy

We shall review the theory of quantum �elds propagating on curved back-

grounds in the semiclassical approximation. Within this approximation matter

is described by quantum �elds propagating on a classical curved spacetime and

their in�uence on spacetime curvature is taken into account by means of semi-

classical Einstein equations. Typical known e�ects in this approximation are par-

ticle creation on cosmological spacetime, Hawking radiation in the case of black

hole backgrounds and their evaporation. �e semiclassical analysis we would

like to present requires a careful study of the form of the correlation functions

of the state which describes matter. �e thorough analysis of their ultraviolet

divergences and their renormalization is necessary to obtain meaningful expres-

sions for the expectation values of the matter stress energy tensor.�e resulting

stress energy tensor will have nontrivial e�ects on the curvature on cosmological

spacetimes too. In the latter case, semiclassical Einstein equations give origin to

a well posed dynamical system provided the quantum state for matter is chosen
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in an appropriate way. �e question of existence of exact solutions of such sys-

tem will be discussed and some implication for cosmology will be presented. In

the case of black hole physics, exploiting the stress tensor properties, we will give

a local model of black hole evaporation.

GR 12.3 �u 12:00 MP-H5
A master equation for gravitationally induced decoherence of a scalar �eld
— ∙Max Joseph Fahn, Kristina Giesel, and Michael Kobler — Institute

for Quantum Gravity, Department of Physics, FAU Erlangen-Nürnberg, Staudt-

str. 7, 91058 Erlangen, Germany

In the talk, we present the derivation of a decoherence model containing a scalar

�eld coupled to a gravitational environment. With such a model, one can pre-

dict quantum gravity e�ects in the scalar �eld’s dynamics that arise due to the

presence of gravity. Starting with full general relativity in Hamiltonian form ex-

pressed in Ashtekar’s connection formulation, we focus on weak gravitational

interactions in an asymptotically �at universe, modelled by gravitational waves

propagating on a �xed background, and the scalar �eld as matter component.

Firstly, we construct appropriate observables (gauge invariant quantities) for the

model which become elementary variables in the reduced phase space of the

model. A�erwards a reduced phase space quantisation using Fock quantisation

is performed. With the help of the projection operator technique, we derive

a second order time-convolutionless master equation, that is an e�ective evolu-

tion equation which predicts the temporal evolution of the scalar �eld, including

the gravitational interaction e�ectively in terms of certain operators, whose form

is a result of the model under consideration and several physical assumptions.

�ese additional terms lead to physical e�ects like dissipation or decoherence of

the matter �eld induced by gravity. Finally, we brie�y discuss possible applica-

tions of the model’s master equation.

GR 12.4 �u 12:20 MP-H5
Quantum (supersymmetric) black holes in loop quantum gravity —
∙Konstantin Eder— FAU Erlangen-Nürnberg
Black holes are immediate and unavoidable consequences of Einstein’s theory of

gravitywhose existence nowadays has been con�rmedwith remarkable accuracy.

Albeit leading to a huge success of the theory, there are also various open ques-

tions that point out its incompleteness. One of them is about the huge amount of

microstates needed to explain the entropy of black holes as predicted by Beken-

stein and Hawking: What are these micostates? Answering it poses a challenge

for any formulation for quantum theory of gravity. In loop quantum gravity a

very intriguing picture has been developed that suggests an answer in terms of

topological Chern-Simon degrees of freedom induced by quantized geometry on

the horizon. In this talk, we �rst give a general review on the description of black

hole horizons in LQG.�en, we will give an outlook on recents results towards

their generalization to the supersymmetric context. �ere, it turns out, using

tools from super Cartan geometry, that the unique boundary theory in chiral

supergravity corresponds to that of a super Chern-Simons theory. �is enables

one to transfer ideas from the bosonic to the supersymmetric setting.

GR 13: Numerical Relativity
Time:�ursday 14:00–15:40 Location: GR-H2

GR 13.1 �u 14:00 GR-H2
GRHD simulations with GR-Athena++ — ∙William Cook — �eoretisch-

Physikalisches Institut, Friedrich-Schiller Universitat Jena, 07743, Jena, Ger-

many

For the �rst time we demonstrate the performance of the code GR-Athena++

in evolving general relativistic hydrodynamics (GRHD) in a dynamically evolv-

ing spacetime. GR-Athena++ utilises the task-based parallelism and block based

adaptive mesh re�nement of the Athena++ code, as well as its approach to solv-

ing GRHD problems in stationary spacetimes; combined with new functional-

ity to solve the Einstein equations in the Z4c formulation. We demonstrate the

performance of this new code by simulating the evolution of Neutron Stars in

GR-Athena++, removing the Cowling approximation assumed in previous work,

presenting a fully dynamical spacetime evolution.

GR 13.2 �u 14:20 GR-H2
Evolution of mixed binaries initial data produced with Elliptica —
∙Francesco Maria Fabbri

1
, Alireza Rashti

2
, Bernd Brügmann

1
, Swami

Vivekanandji Chaurasia
3
, Tim Dietrich

4,5
, Maximiliano Ujevic

6
, and

Wolfgang Tichy
2
—

1
�eoretical Physics Institute, University of Jena, 07743

Jena, Germany—
2
Department of Physics, Florida Atlantic University, Boca Ra-

ton, FL 33431, USA —
3
�e Oskar Klein Centre, Department of Astronomy,

Stockholm University, AlbaNova, SE-10691 Stockholm, Sweden —
4
Institut für

Physik und Astronomie, Universität Potsdam, Haus 28, Karl-Liebknecht-Strasse

24/25, 14476, Potsdam, Germany —
5
Max Planck Institute for Gravitational

Physics (Albert Einstein Institute), AmMühlenberg 1, Potsdam 14476, Germany

—
6
Centro de Ciências Naturais e Humanas, Universidade Federal do ABC,

09210-170, Santo André, São Paulo, Brazilx

In this work, we present the evolution of black hole - neutron star initial data pro-

duced with the new pseudo spectral code Elliptica.�e code makes use of Schur

complement domain decomposition method with a direct solver using cubed

sphere coordinate maps and the �elds are expanded using Chebyshev polyno-

mials of the �rst kind. To stress the capability of the code we designed di�erent

con�gurations of mass ratios and spin orientations and wemade use of the BAM

code to evolve such initial data. Arbitrary spin magnitudes and orientations are

evolved, with a maximum adimensional spin of 0.8 for the black hole and an

arbitrary high spin for the neutron star.

GR 13.3 �u 14:40 GR-H2
Comparison of eccentric numerical relativity simulations to smallmass-ratio
perturbation theory— ∙antoni ramos-buades,maartenvandemeent, and

harald pfeiffer — Max Planck Institute for Gravitational Physics, Potsdam,

Germany

During the third observing run of the LIGO and Virgo detectors a few gravita-

tional wave (GW) signals from binary black hole (BBH) mergers with unequal

masses have been detected. As detectors’ sensitivity continues to increase, more

systems withmore asymmetric masses are expected to be detected, and therefore

modelling of BBHs at all mass ratios is of preeminent relevance. In this work

we compare two approaches to modeling binary black holes (BBHs): 1) small

mass-ratio (SMR) perturbation theory, and 2) numerical relativity (NR). We ex-

tend recent work on combining information from quasicircular nonspinningNR

simulations of BBHs with results from SMR perturbation theory to nonspinning

eccentric BBHs. We produce a dataset of long and accurate eccentric nonspin-

ning NR simulations with the Spectral Einstein Code (SpEC) from mass ratios

1 to 10, and eccentricities up to 0.7. We analyze these NR simulations, compute

gauge invariant quantities from the gravitational radiation, and develop tools to

map points in parameter space between eccentric NR and SMR waveforms. Fi-

nally, we discuss discrepancies between SMR and NR predictions for the energy

and angular momentum �uxes due to eccentricity, and limitations of such com-

parisons due to the limited parameter space in mass ratio covered by the NR

simulations.

GR 13.4 �u 15:00 GR-H2
Critical Collapse with bamps. — Daniela Cors Agulló

1
, ∙Sarah

Renkhoff
1
, Isabel Suárez Fernández

2
, Hannes Rütter

3
, David

Hilditch
2
, and Bernd Brügmann

1
—

1
�eoretisch-Physikalisch Institut,

Friedrich-Schiller-Universität, Jena, Germany —
2
CENTRA, Instituto Supe-

rior Tecnico, Lisbon, Portugal —
3
Max-Planck-Institut für Gravitationphysik,

Potsdam, Germany

Our pseudo-spectral code bamps, with its new adaptive mesh re�nement, allows

us to tune closer to the critical point between gravitational collapse and dispersed

�elds. We study, on the one hand critical phenomena in spherical symmetry

by evolving scalar �elds using generalised harmonic gauge and compare among

several gauge source functions. On the other hand, we can assess critical phe-

nomena in an axisymmetric setting by evolving gravitational waves in vacuum.

We evolve six one-parameter families of Brill wave initial data: three prolate and

three oblate, including two centred and four o�-centred. Time permitting, we

will discuss the relevance of our results in the context of critical collapse beyond

spherical symmetry.

GR 13.5 �u 15:20 GR-H2
Anewapproach to helical Killing vectors— ∙HannesRüter—Potsdam, Ger-
many

Helical Killing Vectors are an important ingredient for the description of binary

systems in quasi-equilibrium, which makes them one of the central quantities in

the construction of numerical-relativity initial data of compact binaries. Current

approaches to helical Killing vectors and their generalisations to eccentric orbits

are de�ned in a foliation-dependent manner. In this presentation I will a discuss

a new approach that attempts to break this foliation dependence.
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GR 14: Gravitational Wave Detectors
Time:�ursday 16:15–18:15 Location: GR-H2

GR 14.1 �u 16:15 GR-H2
Options for ultra-high-frequency gravitational wave detection at DESY —
Axel Lindner, Krisztian Peters, ∙Christoph Reinhardt, Andreas Ring-
wald, and Aaron Spector—DESY, Hamburg, Germany

Fueled by recent achievements of km-scale gravitational-wave observatories, ef-

forts towards the development of "down to lab-scale" detectors are currently

gaining momentum. By virtue of their smaller dimensions, these detectors tar-

get gravitational-waves above the established observation window (i.e., 10 to 10
4

Hz) at "ultra-high-frequencies" (i.e., 10
4
to 10

19
Hz). �e sources proposed for

generating potentially observable signals in this frequency range are of cosmo-

logical origin or require new physics beyond the Standard Model.

Current work at DESY towards three on-site experiments for axion searches

(ALPS II, BabyIAXO, and MADMAX) provides the unique opportunity to ex-

ploit synergies with regard to the development of ultra-high-frequency gravita-

tional wave detectors: On the one hand, these axion experiments are also sensi-

tive to gravitational waves via "graviton-to-photon conversion" in the presence

of amagnetic �eld. On the other hand, the underlying infrastructure of the axion

experiments, comprising, e.g., a distribution system for liquid helium, can be a

prerequisite for implementing dedicated detectors.�is talk will present options

for ultra-high-frequency gravitational wave searches at DESY, Hamburg.

GR 14.2 �u 16:35 GR-H2
�e implementation of stray light simulation tool for the Einstein Telescope
— ∙HannaMarozava and Thomas Bretz— RWTH Aachen University

�e Einstein Telescope will be the �rst gravitational wave detector of the third

generation. Stray light is a severe problem for modern interferometers with high

sensitivity, as another noise source contributing to the interferometer output.

Simulation is requied to optimize detector settings to avoid undesirable light

paths. Stray light simulation can be done with special optical analysis so�ware,

but existing tools are not ideally suited for general application, or require expen-

sive licences.�erefore ET optical simulation task is still urgent.

�e goal of this work is development of dedicated free tool for stray light sim-

ulation, easy to use and including higher precision and di�erent aspects of stray

light. Simulation involves modelling the system design, calculating the intersec-

tion points of the rays with the surfaces and simulating of stray light paths, and

algorithms for some of this steps are already found.

�is talk will present the progress of stray light simulation tool development,

including the analysing of existing optical so�ware, implementation of simula-

tion and �rst results.

GR 14.3 �u 16:55 GR-H2
Development and testing of composite vacuum tubes for Einstein Tele-
scope— ∙Purnalingam Revathi1, Ralf Schleichert2, Achim Stahl1, Tim
Kuhlbusch

1
, Robert Joppe

1
, and Oliver Pooth

1
—

1
III. Physikalisches In-

stitut B, RWTH Aachen —
2
Institut für Kernphysik, Forschungszentrum Jülich

�e Einstein Telescope, a proposed third generation gravitational wave detec-

tor, requires 120 km long vacuum tubes in total with a diameter of 1 m. Due

to the vacuum requirements and mechanical integrity, stainless steel tubes are

the standard for ultra high vacuum applications. Composite vacuum tubes are a

promising alternative that could reduce material cost and opens possibilities for

easier on site production.�is talk presents the details of development and testing

of prototypes made of Glass Fiber Reinforced Plastic wound around a stainless

steel liner. Pressure stability and aging tests are performed and the possibility of

integrating sensors to measure temperature and pressure will be discussed.

GR 14.4 �u 17:15 GR-H2
Test setup for cryogenic sensors and actuators working towards the Einstein
Telescope— ∙Robert Joppe1, Tim Kuhlbusch2

, Thomas Hebbeker
1
, Vivek

Pimpalshende
2
, Oliver Pooth

2
, Achim Stahl

2
, and Franz-Peter Zantis

1

—
1
III. Physikalisches Institut A, RWTH Aachen —

2
III. Physikalisches Institut

B, RWTH Aachen

�e Einstein Telescope will be the �rst gravitational wave detector of the third

generation. �e sensitivity goal, especially in the low frequency region, will be

achieved among other improvements by cooling the main parts of the interfer-

ometer. �e required electronic components, sensors and actuators needed for

mirror alignment and active dampening of suspension resonances have to per-

form at cryogenic temperatures.

�e talk presents the progress on the development of electronics andmechan-

ics within the E-TEST project. �e performance of our cryogenic ultra high

vacuum test setup will be furthermore explicated.

GR 14.5 �u 17:35 GR-H2
A cryogenic displacement sensor and actuator for the E-TEST project
— ∙Kuhlbusch Tim

1
, Thomas Hebbeker

2
, Robert Joppe

2
, Vivek

Pimpalshende
1
, Oliver Pooth

1
, Achim Stahl

1
, and Franz-Peter Zantis

2

—
1
III. Physikalisches Institut B, RWTH Aachen —

2
III. Physikalisches Institut

A, RWTH Aachen

�e Einstein Telescope will be the �rst third generation gravitational wave de-

tector. In achieving a sensitivity increase of more than one order of magnitude

at low frequencies compared to current detectors, mitigating thermal noises is

essential. Cooling the mirrors to cryogenic temperatures is thus required. �is

also creates the need for parts of the vibration isolations systems of the mirrors

to be working at low temperatures.

�is talk will present the developement of an actuator with an integrated ab-

solute displacement sensor operating below 20 K as part of the E-TEST project.

�e sensitivity of the sensor, the forces of the actuator and the thermal design

will be discussed.

GR 14.6 �u 17:55 GR-H2
Commissioning and characterization of a shadow sensor — ∙Vivek
Pimpalshende

1
, Thomas Hebbeker

2
, Robert Joppe

1,2
, Tim Kuhlbusch

1
,

OliverPooth
1
, Achim Stahl

1
, and Franz-PeterZantis

2
—

1
III. Physikalis-

ches Institut B, RWTHAachen—
2
III. Physikalisches Institut A, RWTHAachen

�e Einstein Telescope will be the �rst gravitational wave detector of the third

generation. It will extend the detection sensitivity in the low frequency domain

by more than an order of magnitude compared to current second generation de-

tectors. An essential factor in achieving the sensitivity goals is to mechanically

decouple the optic system from the ground. For this, a seismic isolation system is

in place in the interferometric gravitational wave detectors.�is talk will discuss

one of the essential position sensors in this system: a shadow sensor.

Displacement sensors are a part of a control loop that monitors the relative

motion of the components of the suspension system and controls the absolute

motion of these components. �is talk will present the commissioning of a

shadow sensor along with its characteristics at room temperature.

GR 15: Member Assembly
Time:�ursday 19:00–20:30 Location: GR-MV
MV-GRMember Assembly
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Theoretical and Mathematical Physics Division
Fachverband Theoretische und Mathematische Grundlagen der Physik (MP)

Johanna Erdmenger
Julius-Maximilians-Universität Würzburg

Am Hubland, 97074 Würzburg

Overview of Invited Talks and Sessions
(Lecture halls MP-H4 and MP-H5)

Plenary Talk of MP

PV V Wed 9:45–10:30 Audimax Quantum gravity, chaos, statistical physics and wormholes— ∙Jan de Boer

Invited Talks
MP 1.1 Mon 9:30–10:00 MP-H5 Long-range entanglement and the split property — ∙Pieter Naaijkens, Yoshiko

Ogata
MP 1.2 Mon 10:00–10:30 MP-H5 Symmetry-resolved quantum information measures for AdS gravity and beyond —∙RenéMeyer, Suting Zhao, Christian Northe, KonstantinWeisenberger
MP 1.3 Mon 10:30–11:00 MP-H5 Rapid thermalization of spin chain commuting Hamiltonians— ∙Angela Capel
MP 2.1 Mon 16:15–16:45 MP-H5 �e Page curve from quantum error correction— ∙DanielHarlow
MP 2.2 Mon 16:45–17:15 MP-H5 Classical black hole scattering from a worldline quantum �eld theory— ∙Jan Plefka
MP 3.1 Tue 11:00–11:30 MP-H5 Dualities and categorical symmetries in quantum spin chains— ∙Frank Verstraete
MP 3.2 Tue 11:30–12:00 MP-H5 Functional Integral and Stochastic Representations for Bosonic Ensembles —∙Manfred Salmhofer
MP 3.3 Tue 12:00–12:30 MP-H5 Color-Flavor Transformation Revisited— ∙Martin Zirnbauer
MP 5.1 Wed 11:00–11:30 MP-H5 Falling throughmasses in superposition: quantumreference frames for inde�nitemet-

rics — Anne-Catherine de la Hamette, Viktoria Kabel, Esteban Castro-Ruiz,∙Caslav Brukner
MP 6.1 Wed 16:15–16:45 MP-H5 State summodels with defects— ∙CatherineMeusburger
MP 9.1 �u 11:00–11:30 MP-H5 Reduced phase space quantisation in Loop quantum gravity and loop quantum cos-

mology— ∙Kristina Giesel, Bao-Fei Li, Parampreet Singh
MP 9.2 �u 11:30–12:00 MP-H5 Quantum �elds propagating on curved backgrounds and their in�uence on spacetime

curvature— ∙Nicola Pinamonti

Invited Talks of the joint symposium SMuK Dissertation Prize 2022 (SYMD)
See SYMD for the full program of the symposium.

SYMD 1.1 Mon 14:00–14:25 Audimax Timeless QuantumMechanics and the Early Universe— ∙LeonardoChataigner
SYMD 1.2 Mon 14:25–14:50 Audimax First tritium β-decay spectrum recorded with Cyclotron Radiation Emission

Spectroscopy (CRES)— ∙Christine Claessens
SYMD 1.3 Mon 14:50–15:15 Audimax Watching the top quarkmass run - for the �rst time! — ∙MatteoM.Defranchis,

Katerina Lipka, Sven-OlafMoch
SYMD 1.4 Mon 15:15–15:40 Audimax Towards beam-quality-preserving plasma accelerators: On the precision tuning

of the wake�eld— ∙Sarah Schröder
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�eoretical and Mathematical Physics Division (MP) Overview

Invited Talks of the joint symposium The Nature of Science (SYNS)
See SYNS for the full program of the symposium.

SYNS 1.1 Tue 14:00–14:30 Audimax �e Role of Nature of Science Education for Science Media Literacy — ∙Dietmar
Höttecke

SYNS 1.2 Tue 14:30–15:00 Audimax What kinds of identities are deemed in/our of place in physics? — ∙Lucy Avraami-
dou

SYNS 1.3 Tue 15:00–15:30 Audimax Some thoughts on the status of theoretical physics— ∙DanielHarlow

Prize Talks of the joint Awards Symposium (SYAW)
See SYAW for the full program of the symposium.

SYAW 1.1 Wed 14:10–14:40 Audimax Wie überprü� man die Ziele der Lehramtsausbildung Physik? — ∙Horst
Schecker

SYAW 1.2 Wed 14:40–15:10 Audimax Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry and
Black Holes— ∙Frank Eisenhauer

SYAW 1.3 Wed 15:10–15:40 Audimax Turbulence in one dimension— ∙AlexanderM. Polyakov

Sessions
MP 1.1–1.3 Mon 9:30–11:00 MP-H5 Entanglement;�ermalization
MP 2.1–2.6 Mon 16:15–18:35 MP-H5 Gravity, Amplitudes, AdS/CFT
MP 3.1–3.3 Tue 11:00–12:30 MP-H5 Quantum dynamics
MP 4.1–4.7 Tue 16:15–18:35 MP-H5 Quantum �eld theory, AdS/CFT, non-equilibrium and quantum dynamics
MP 5.1–5.4 Wed 11:00–12:30 MP-H5 Quantum information
MP 6.1–6.1 Wed 16:15–16:45 MP-H5 Mathematical physics
MP 7.1–7.6 Wed 16:45–18:45 MP-H5 Quantum �eld theory
MP 8.1–8.3 Wed 17:25–18:25 MP-H6 Alternative approaches
MP 9.1–9.4 �u 11:00–12:40 MP-H5 Quantum gravity (joint session MP/GR)
MP 10.1–10.3 �u 16:15–17:15 MP-H5 Classical and quantum gravity
MP 11.1–11.5 �u 16:35–18:15 MP-H6 �ermodynamics and fundamental aspects of �eld theory
MP 12.1–12.3 �u 17:15–18:15 MP-H5 Quantum �eld theory for particle physics and plasmas
MP 13 �u 19:30–20:30 MP-MV Annual General Meeting

Annual General Meeting of the Theoretical and Mathematical Physics Division
�ursday 19:30–20:30 MP-MV
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�eoretical and Mathematical Physics Division (MP) Monday

Sessions
– Invited and Contributed Talks –

MP 1: Entanglement; Thermalization
Time: Monday 9:30–11:00 Location: MP-H5

Invited Talk MP 1.1 Mon 9:30 MP-H5
Long-range entanglement and the split property— ∙Pieter Naaijkens1 and
Yoshiko Ogata

2
—

1
School of Mathematics, Cardi� University, United King-

dom —
2
Graduate School of Mathematical Sciences, �e University of Tokyo,

Japan

Long-range entanglement has been crucial in understanding topologically or-

dered phases of matter. In particular, it is believed to be a necessary condition

for the existence of non-trivial anyons in 2D. In this talk I will explain how we

can prove this statement in the context of superselection sector theory. In par-

ticular, we show that if a ground state is not long-range entangled, in a way that

we make precise, then we only have the trivial superselection sector. I will also

indicate how this is related to the split property of certain vonNeumann algebras

generated by the observables of the system.

Invited Talk MP 1.2 Mon 10:00 MP-H5
Symmetry-resolved quantum information measures for AdS gravity and be-
yond— ∙René Meyer, Suting Zhao, Christian Northe, and Konstantin

Weisenberger — Institut für �eoretische Physik und Astrophysik, Julius-

Maximilians-Universität Würzburg, Am Hubland, 97074 Würzburg

Quantum entanglement is the key resource employed in modern quantum com-

putation. Di�erent entanglement measures such as the entanglement entropy

and Renyi entropies also provide useful information about the entanglement

structure of quantum �eld theories, in particular at critical points. I will dis-

cuss the symmetry resolved entanglement and Renyi entropies, a �ne-grained

version of the usual entanglement and Renyi entropies, both in the context of

quantum �eld theory and AdS/CFT. In the presence of global conserved charges,

they quantify the entanglement content of the reduced density matrix in a �xed

charge sector. �ese entanglement measures can in particular be calculated in

two-dimensional conformal �eld theories with U(1) Kac-Moody structure at

level k, and are found to not depend on the value of the charge.�is charge in-

dependence is called equipartition of entanglement, and implies that no charge

sector is distinguished in terms of its entanglement content. Finally, I will dis-

cuss the symmetry resolved entanglement in the AdS3/CFT2 dual of the U(1)

Kac-Moody CFT. Agreement with CFT results provides a further test of the

AdS3/CFT2 correspondence. I �nish with some results about the violation of

the equipartition property in CFTs with W3 symmetry. �is talk is based on

hep-th/2012.11274 and hep-th/2108.09210.

Invited Talk MP 1.3 Mon 10:30 MP-H5
Rapid thermalization of spin chain commuting Hamiltonians — ∙Angela
Capel—Universität Tübingen

In this talk, wewill show that spin chainsweakly coupled to a large heat bath ther-

malize rapidly at any temperature for �nite-range, translation-invariant com-

muting Hamiltonians, reaching equilibrium in a time which scales logarithmi-

cally with the system size. From a physical point of view, this result establishes

the absence of dissipative phase transition for Davies evolutions over translation-

invariant spin chains.�e result also applies in the case of Symmetry Protected

Topological phases where the evolution is respecting the symmetry of the phase.

We will comment on the possible extensions of this result to higher dimen-

sions, as well as on some applications to the study of many-body in and out-

of-equilibrium quantum systems.

MP 2: Gravity, Amplitudes, AdS/CFT
Time: Monday 16:15–18:35 Location: MP-H5

Invited Talk MP 2.1 Mon 16:15 MP-H5
�e Page curve from quantum error correction— ∙Daniel Harlow—Mas-
sachusetts Institute of Technology, Cambridge, Massachusetts, USA

�e “Page curve”, meaning the von Neumann entropy of the radiation of a black

hole plotted as a function of time, is one of themain tools for diagnosing the black

hole information problem. Recently semiclassical calculations of this curve were

given, but they have several mysterious features. In particular, it is not so clear

how they can be interpreted from aHilbert space point view, as one would like in

a real theory of quantum gravity. In this talk I’ll explain how these calculations

can be given such an interpretation through a novel generalization of quantum

error correction to "non-isometric" codes.

Invited Talk MP 2.2 Mon 16:45 MP-H5
Classical black hole scattering from a worldline quantum �eld theory— ∙Jan
Plefka—Humboldt Universität zu Berlin, Germany

When two massive, gravitationally interacting bodies (black holes, neutron

stars or stars) �y past each other they are de�ected and emit gravitational

Bremsstrahlung. I shall discuss how this classical two-body problem in gen-

eral relativity can be e�ciently described using worldline quantum �eld theory

methods. Including spin (i.e. Kerr Black Holes or spinning neutron stars) leads

to an e�ective N=2 supersymmetric description valid up to quadratic order in

spins. �e emitted gravitational waveform, scattering angle and spin-kick may

be e�ciently computed in a weak gravitational �eld (post Minkowskian) expan-

sion and represent state of the art results. �e worldline quantum �eld theory

approach innovates over traditional approaches and importsmodern technology

from perturbative quantum �eld theory to classical perturbative GR.

MP 2.3 Mon 17:15 MP-H5
Sustained convergence of hydrodynamics in rapidly spinning quark-gluon
plasma — ∙Matthias Kaminski

1
, Casey Cartwright

1
, Markus Gar-

biso Amano
1
, Jorge Noronha

2
, and Enrico Speranza

2
—

1
Department

of Physics and Astronomy, University of Alabama,514 University Boulevard,

Tuscaloosa, AL 35487, USA—
2
Illinois Center for Advanced Studies of the Uni-

verse, Department of Physics, University of Illinois at Urbana-Champaign, Ur-

bana, IL 61801, USA

We compute the radius of convergence of the linearized relativistic hydrody-

namic gradient expansion around a non-trivially rotating strongly coupledN =
4 Super-Yang-Mills plasma. Our results show that the validity of hydrodynamics

is sustained and can even get enhanced in a highly vortical quark-gluon plasma,

such as the one produced in intermediate-energy heavy-ion collisions. �e hy-

drodynamic dispersion relations are computed using a rotating background that

is an analytical solution of the ideal hydrodynamic equations of motion with

non-vanishing angular momentum and large vorticity gradients, giving rise to a

particular boost symmetry. Analytic equations for the transport coe�cients of

the rotating plasma as a function of their values in a plasma at rest are given.

MP 2.4 Mon 17:35 MP-H5
Scalar �at holography— ∙Lorenzo Iacobacci1,2 andMassimo Taronna

1,2,3

—
1
Dipartimento di Fisica Ettore Pancini, Università degli Studi di Napoli Fed-

erico II Via Cintia, 80126 Napoli, Italy —
2
Istituto Nazionale di Fisica Nucleare,

Sezione di Napoli Via Cintia, 80126 Napoli, Italy —
3
Scuola Superiore Merid-

ionale, Università degli Studi di Napoli Federico II, Largo San Marcellino 10,

80138 Napoli, Italy

Recently, �at space holography has played a central role in the study of scattering

amplitudes. In particular, the (d+2)-dimensional holographic �at space-time is

closed in the far past and in the far future by a d-dimensional boundary, called

celestial sphere. On this boundary, a d-dimensional conformal �eld theory lives;

therefore, researchers have been studying the imprint of the d-dimensional con-

formal symmetry in (d+2)-dimensional scattering amplitudes.

Further, it is well-known that the (d+2)-dimensional Minkowski space-time

can be sliced in (d+1)-dimensional AdS spaces inside the light-cone and by

(d+1)-dimensional dS spaces outside. �is suggests us that a connection be-

tween �at, dS and AdS holography should exist.

In our talk, we shall see the strict connection between the holography real-

ized on AdS, dS and Minkowski. By analogy with the AdS case, we will arrive to

write down a dictionary to pass between AdS, dS and �at holography. Moreover,

these stringent connections will allow us to exploit the results obtained in AdS

holography to compute scattering amplitudes both in �at and dS holography.
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�eoretical and Mathematical Physics Division (MP) Tuesday

MP 2.5 Mon 17:55 MP-H5
Hyperbolic tilings and discrete holography— ∙GiuseppeDiGiulio— Julius-
Maximilians-Universität Würzburg

�e AdS/CFT correspondence is one of the most important breakthroughs of

the last decades in theoretical physics. A recently proposed way to get insights

on various features of this duality is achieved by discretising the Anti-deSitter

spacetime. Within this program, we consider the Poincaré disk (�xed time slice

of three-dimensional Anti-deSitter spacetime) discretised by introducing a reg-

ular hyperbolic tiling on it.�is breaks the isometry group of the Poincaré disk

down to a discrete subgroup. In a possible discrete version of the AdS/CFT cor-

respondence, such a discrete group is expected to characterise also the quantum

theory living on the boundary of the hyperbolic tiling. In this talk, we discuss the

properties that such a boundary theorymust have.�e bulk tessellation we study

induces an aperiodic spatial modulation on any model de�ned on the boundary.

�is provides an interesting bridge with the aperiodic quantum chains, well-

known systems in the literature of condensed matter theory. Furthermore, in

view of examining possibilities for establishing a duality in this setup, we inves-

tigate the entanglement properties of the tiled bulk (obtained through a discre-

tised version of the Ryu-Takayanagi formula for the holographic entanglement

entropy) and of some possible boundary theories.

MP 2.6 Mon 18:15 MP-H5
Classical and quantum gravitational scattering with Generalized Wilson
Lines — Domenico Bonocore, Anna Kulesza, and ∙Johannes Pirsch —
Institut für�eoretische Physik, WWUMünster, Münster, Germany

�e all-order structure of scattering amplitudes is greatly simpli�ed using Wil-

son line operators, describing eikonal emissions from straight lines extending to

in�nity. A generalization at subleading powers in the eikonal expansion, known

as Generalized Wilson Line (GWL), has been proposed some time ago, and has

been applied both inQCDphenomenology and in the high energy limits of grav-

itational amplitudes. In this talk I discuss the construction of the gravitational

GWL starting from �rst principles in the worldline formalism. �is includes

identifying the correct Hamiltonian, which leads to a simple correspondence

between the so� expansion and the weak �eld expansion. �e resulting path

integral representation of the GWLmakes it possible to isolate the relevant con-

tributions to the classical limit.

MP 3: Quantum dynamics
Time: Tuesday 11:00–12:30 Location: MP-H5

Invited Talk MP 3.1 Tue 11:00 MP-H5
Dualities and categorical symmetries in quantum spin chains— ∙FrankVer-
straete—Ghent University

Categorical symmetries play a central role in the characterization of the entan-

glement features of quantum spin systems exhibiting topological order in 2+1D

or criticality in 1+1D. In this talk, we will discuss those symmetries from the

point of view of tensor networks, and demonstrate that matrix product opera-

tors realize representations of the corresponding module categories. �is on its

turn allows for a constructive approach to building dualities for quantum spin

chains.

Invited Talk MP 3.2 Tue 11:30 MP-H5
Functional Integral and Stochastic Representations for Bosonic Ensembles
— ∙Manfred Salmhofer— Institut für theoretische Physik, Universität Hei-

delberg, Philosophenweg 19, 69120 Heidelberg

I discuss rigorously de�ned coherent-state functional integral representations for

the partition function and correlation functions of many-boson systems, both

for the canonical and the grand-canonical ensemble, and the relation of these

representations to ensembles of interacting random walks. I will highlight a few

essential di�erences between the canonical and grand-canonical ensemble, out-

line a simpli�ed proof of equivalence of di�erent functional integral representa-

tions in the time-continuum limit, and discuss their use in obtaining convergent

expansions for the correlation functions.

Invited Talk MP 3.3 Tue 12:00 MP-H5
Color-Flavor Transformation Revisited — ∙Martin Zirnbauer — Institute

for�eoretical Physics, Uni Köln, Germany

�e ”color-�avor transformation”, conceived as a kind of generalized Hubbard-

Stratonovich transformation, is a variant of the Wegner-Efetov supersymmetry

method for disordered electron systems. Tailored to quantum systems with dis-

order distributed according to the Haar measure of any compact Lie group of

classical type (A, B, C, or D), it has been applied to Dyson’s Circular Ensembles,

random-link network models, quantum chaotic graphs, disordered Floquet dy-

namics, and more. We review the method and, in particular, explore its lim-

its of validity and some implications for the theory of Anderson localization-

delocalization transitions.

MP 4: Quantum field theory, AdS/CFT, non-equilibrium and quantum dynamics
Time: Tuesday 16:15–18:35 Location: MP-H5

MP 4.1 Tue 16:15 MP-H5
Wormholes from Berry phases in AdS3/CFT2 — Souvik Banerjee, Moritz

Dorband, Johanna Erdmenger, RenéMeyer, and ∙Anna-LenaWeigel—

Institute for�eoretical Physics and Astrophysics andWürzburg-Dresden Clus-

ter of Excellence ct.qmat, Julius-Maximilians-Universität Würzburg, Am Hub-

land, 97074 Würzburg, Germany

�e AdS/CFT correspondence states that certain CFTs admit a description in

terms of a gravitational theory in asymptotically AdS geometries of one dimen-

sion more. A central question in understanding the mechanism behind the du-

ality is how the geometry in the bulk spacetime is encoded in the dual CFT state.

Berry phases present a useful tool for understanding this. In their most general

form, Berry phases are geometric phases acquired by states due to the presence of

holonomies when parallel transported around a closed loop in parameter space.

�e AdS/CFT correspondence admits the description of bulk geometries with

semi-classical spacetime wormholes in terms of two entangled CFTs. Worm-

holes are a topological feature of the bulk spacetime that presents as a holon-

omy and thus can be probed with Berry phases. �e entanglement induced by

the wormhole in the bulk geometry implies the dual CFTs no longer factorize.

We show that non-factorization in the dual entangled CFTs is evident in Berry

phases for such systems. We brie�y discuss further applications of Berry phases

for probing spacetime holonomies in geometries without wormholes and their

CFT interpretation.

MP 4.2 Tue 16:35 MP-H5
Quantum Complexity as Hydrodynamics — ∙Pablo Basteiro

1,2
, Jo-

hanna Erdmenger
1,2
, Pascal Fries

1
, Florian Goth

1,2
, Ioannis

Matthaiakakis
1,2
, and René Meyer

1,2
—

1
Institut für �eoretische Physik

und Astrophysik, Julius-Maximilians-Universität Würzburg, 97074 Würzburg,

Germany —
2
Würzburg-Dresden Cluster of Excellence ct.qmat

In recent years, many concepts of quantum information theory have been in-

troduced to the AdS/CFT correspondence and have lead to several meaningful

insights. In particular, quantum computational complexity has been suggested

as a candidate to describe the late-time behavior of black hole interiors. We con-

tribute to its understanding by considering Nielsen’s geometric approach to op-

erator complexity for the SU(N) group. We develop a tractable large N limit
which leads to regular geometries on the manifold of unitaries. To achieve this,

we introduce a particular basis for the su(N) algebra and de�ne a maximally
anisotropic metric with polynomial penalty factors. We implement the Euler-

Arnold approach to identify incompressible inviscid hydrodynamics on the two-

torus as a novel e�ective theory for the evaluation of operator complexity of large

qudits. We discuss the resulting complexity geometry in view of essential proper-

ties of holographic complexitymeasures, such as ergodicity and conjugate points.

MP 4.3 Tue 16:55 MP-H5
�e free energy of the two-dimensional dilute Bose gas — ∙Andreas
Deuchert

1
, Simon Mayer

2
, and Robert Seiringer

2
—

1
Institute of Math-

ematics, University of Zurich —
2
Institute of Science and Technology Austria

(IST Austria)

We prove bounds for the speci�c free energy of the two-dimensional Bose gas

in the thermodynamic limit. We show that the free energy at density ý and in-
verse temperature β di�ers from the one of the non-interacting system by the
correction term 4πý2| ln(a2ý)|−1(2− [1− βc/β]

2
+). Here a is the scattering length

of the interaction potential, [x]+ = max(0, x) and βc is the inverse Berezinskii–
Kosterlitz–�ouless critical temperature for super�uidity. �e result is valid in

the dilute limit a2ý ≪ 1 and if βý ≳ 1.
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�eoretical and Mathematical Physics Division (MP) Wednesday

MP 4.4 Tue 17:15 MP-H5
Analytical and numerical methods for nonlinear di�usive transport and
shock acceleration — ∙Dominik Walter1, Horst Fichtner1, Frederic
Effenberger

1
, and Yuri Litvinenko

2
—

1
Ruhr-Universität-Bochum; Institut

theoretische Physik IV —
2
University of Waikato, Department of Mathematics,

New Zealand
We explore a nonlinear di�usive type of particle/cosmic ray transport. A special

focus will be put on particles/cosmic rays, escaping from a shock or other local-

ized acceleration sites and their acceleration process. Instead of solving coupled

di�erential equations, as is the more common method of describing the interac-

tion of di�using particles with the backgrond medium, we analyse a single non-

linear advection-di�usion equation. In a �rst step we analyse the e�ect of the

nonlinear model on particle transport, we apply an analytical expansion tech-

nique to cartesian and spherical symetrical geometries, to derive approximate

solutions to the resulting equations and establish numerical models to compare

and expand on this results. As a foundation for the numerical models we use

the grid based Code VLUGR3, to provide numerical solutions, when there is

no analytical way of solving distinct models. As a second step we construct a

model for shock acceleration, to investigate the impact of nonlinear di�usion on

shock acceleration, again using VLUGR3. We recreate a linear cartesian case of

reference and use it as a groundwork to investigate the e�ects of nonlinearity.

MP 4.5 Tue 17:35 MP-H5
Electrons and their interactions: A deduction fromQuantumField�eory—
∙Nadine Cetin and Nils Schopohl— Institut für�eoretische Physik, Uni-
versität Tübingen, Auf der Morgenstelle 14, 72076 Tübingen

We suggest a new unitary transformation of the fundamental electron-positron

�eld theory Hamiltonian of Quantum Electrodynamics (QED), that brings with

help of Wegner’s �ow equation method this Hamiltonian to a block-diagonal

form, each block labeled by an eigenvalue of the operator N̂ = N̂ (e) + N̂(p)

, with N̂ (e)
counting the number of electrons and N̂(p) counting the number

of positrons, while keeping all interactions with with long wavelength photons

λph ≫ h
me c intact. A representation of that block-diagonal Hamiltonian as a per-

turbation series with regard to the �ne structure constant αFS ≈ 1

137
establishes

to order α2FS the well known gauge invariant and particle number conserving
Hamiltonian for nonrelativistic electrons and positrons in its second quantized

guise. Our derivation of the e�ective two-particle interactions between parti-

cles carrying mass, charge and spin while moving at nonrelativistic speed arises

directly from QED throughout treating electron �elds and positron �elds in an

entire symmetrical fashion. Similarities and salient contrast with related early

work of Cohen-Tannoudji et al., Takashi Itoh and I. Bialynicki-Birula are dis-

cussed in detail.

MP 4.6 Tue 17:55 MP-H5
Recenr Results on Quantum Spin Glasses — ∙Chokri Manai

1
, Simone

Warzel
1
, Hajo Leschke

2
, and Rainer Ruderer

2
—

1
Department of Math-

ematics, TU München, Garching bei München, Germany —
2
Institut für�eo-

retische Physik, FAU Erlangen, Erlangen, Germayn

In the past few decades, the theory of spin glasses has become a major �eld of

interest in condensed matter physics, mathematical physics and proabbility the-

ory. While in the classical spin glass theory many problems remain unsolved,

at least a rough understanding of the underlying physics has been established.

�e milestone so far has been the derivation of a formula for the free energy

in the classical Sherrington-Kirkpatrick model by this year’s Nobel price winner

Giorgio Parisi based on his replica method and its rigorous proof by Guerra and

Talagrand.

�e situation is vastly di�erent for quantum spin glasses, where quantum ef-

fects are for example incorporated via a transversal �eld. In this case no closed

formula has been found for the Quantum SK-model; and most physical results

are based on numerical simulations. In this talk, I will give an introduction to

the topic of quantum spin glasses. I will discuss recent results on hierarchical

Quantum spin glasses, where one can rigorously prove a formula for the free en-

ergy. Moreover, we will have a quick look on the Quantum SKmodel, where one

can at least prove the existing of replica symmetry breaking.

MP 4.7 Tue 18:15 MP-H5
Local composite operators in the Sine-Gordonmodel—DanielaCadamuro
and ∙Markus B. Fröb— Institut für�eoretische Physik, Universität Leipzig

�e Sine-Gordon model is a widely studied two-dimensional quantum �eld the-

ory, which depending on the value of the coupling β is �nite (for β2 < 4π), super-
renormalizable (4π ≤ β2 < 8π) or just renormalizable (β2 = 8π). However, local
composite operators have not been studied in the theory, apart from a few simple

examples. We show that even in the �nite range β2 < 4π composite operators
need additional renormalization beyond the free-�eld normal-ordering at each

order in perturbation theory, and prove convergence of the renormalized per-

turbative series.

MP 5: Quantum information
Time: Wednesday 11:00–12:30 Location: MP-H5

Invited Talk MP 5.1 Wed 11:00 MP-H5
Falling through masses in superposition: quantum reference frames for in-
de�nite metrics—Anne-Catherine de laHamette1,2, Viktoria Kabel1,2,
Esteban Castro-Ruiz

3
, and ∙Caslav Brukner1,2 — 1

Institute for Quantum

Optics and Quantum Information, Vienna, Austria —
2
Faculty of Physics, Uni-

versity of Vienna, Vienna, Austria —
3
Institute for �eoretical Physics, ETH

Zürich, Zürich, Switzerland

�e current theories of quantum physics and general relativity on their own do

not allow us to study situations in which the gravitational source is quantum. In

my talk, I will propose a strategy to determine the dynamics of objects in the pres-

ence of mass con�gurations in superposition, and hence an inde�nite spacetime

metric, using quantum reference frame (QRF) transformations. Speci�cally, I

will show that as long as the mass con�gurations in the di�erent branches are re-

lated via isometries, one can use an extension of the current framework of QRFs

to ”quantum isometries” to change to a frame in which the mass con�guration

becomes de�nite. Assuming covariance of dynamical laws under quantum co-

ordinate transformations, this allows to use known physics to determine the dy-

namics. I will apply this procedure to �nd the motion of a probe particle and the

behavior of clocks near the mass con�guration, and thus �nd the time dilation

caused by a gravitating object in superposition.

MP 5.2 Wed 11:30 MP-H5
Exploiting Graph Symmetries for Quantum Dynamics — Armin J.

Römer
1,2
, Emanuel Malvetti

1,2
, Robert Zeier

3
, and ∙Thomas Schulte-

Herbrüggen
1,2
—

1
Technical University of Munich (TUM)—

2
Munich Centre

for Quantum Science and Technology (MCQST) and Munich Quantum Valley

(MQV) —
3
Forschungszentrum Jülich GmbH, Peter Grünberg Institute, Quan-

tum Control (PGI-8)

Systems of coupled spins can easily be represented by coloured graphs, where

the vertices relate to the local spins while the edges stand for pairwise couplings

of di�erent type (colour). Potential graph symmetries then naturally simplify

quantum dynamics in terms of generators.

We present the background for an e�cient algorithmic way to exploit the

graph symmetry for arriving (automatically) at a symmetry-adapted basis. It

avoids explicit calculation of the entire underlying graph automorphism groups

(usually taking the form of wreath products of permutation groups). It connects

the well-known Weisfeiler-Leman algorithm (occurring in the context of graph

isomorphism problems) with cutting-edge versions of calculating central and

orthogonal idempotents.

Worked examples illustrate principles and practice as well as the advantageous

connections to graph theory in a widely applicable manner.

MP 5.3 Wed 11:50 MP-H5
Markovian Quantum Systems with Full and Fast Hamiltonian Control
— ∙Emanuel Malvetti

1,2
, Frederik vom Ende

1,2
, Thomas Schulte-

Herbrüggen
1,2
, and Gunther Dirr

3
—

1
Dept. Chem., TU-München (TUM)

—
2
Munich Centre for Quantum Science and Technology (MCQST) and

Munich Quantum Valley (MQV) —
3
Institute of Mathematics, Universität

Würzburg

Markovian quantum systems with full and fast Hamiltonian control can be re-

duced to an equivalent control system on the eigenvalues of the density matrix

describing the state. First we consider the case of a single qubit, presenting ex-

plicit solutions of the optimal control problem for a large family of Lindblad

operators. For the cases where analytic solutions seem out of reach, we can still

e�ciently compute numerical solutions. Second we consider quantum systems

of arbitrary �nite dimension. While analytic solutions to optimal control prob-

lems do not exist in the general case, the reduced control system on the eigen-

values is still a powerful tool. As an example, we derive necessary and su�cient

conditions for a Markovian quantum system to be coolable.

MP 5.4 Wed 12:10 MP-H5
On the Alberti-Uhlmann Condition for Unital Channels — Sagnik

Chakraborty
1
, Dariusz Chruściński

1
, Gniewomir Sarbicki

1
, and

∙Frederik vom Ende
2,3
—

1
Institute of Physics, Faculty of Physics, Astron-

omy and Informatics, Nicolaus Copernicus University, Grudziadzka 5/7, 87-100

Toruń, Poland —
2
Department of Chemistry, Technische Universität München,

85747 Garching, Germany —
3
Munich Centre for Quantum Science and Tech-

nology & Munich Quantum Valley, Schellingstr. 4, 80799 München, Germany
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We address the problem of existence of quantum channels between two sets of

density matrices. We re�ne the result of Alberti and Uhlmann and derive a nec-

essary and su�cient condition for the existence of a unital channel between two

pairs of qubit states which ultimately boils down to three simple inequalities.

MP 6: Mathematical physics
Time: Wednesday 16:15–16:45 Location: MP-H5

Invited Talk MP 6.1 Wed 16:15 MP-H5
State sum models with defects — ∙Catherine Meusburger — Department

Mathematik, FAU, Cauerstr. 11, 91058 Erlangen

State sum models arise in topological quantum �eld theories, quantum topol-

ogy, 3d quantum geometry, in the quantisation of Chern-Simons gauge theories

and are also closely related to topological models in condensed matter physics

such as Kitaev’s quantum double model and Levin-Wen models. �e inclusion

of defects into such models is of interest in several of these research �elds.

In the talk I introduce a model that includes defects in Turaev-Viro-Barrett-

Westbury state sum models. It involves defect surfaces, defect lines and defect

points decorated with higher categorical data and yields topological invariants.

MP 7: Quantum field theory
Time: Wednesday 16:45–18:45 Location: MP-H5

MP 7.1 Wed 16:45 MP-H5
Fermionic integrable models and graded Borchers triples — ∙Henning
Bostelmann

1
and Daniela Cadamuro

2
—

1
University of York, Department

of Mathematics, York YO10 5DD, United Kingdom —
2
Universität Leipzig, In-

stitut für�eoretische Physik, Brüderstraße 16, 04103 Leipzig, Germany

�e operator-algebraic construction of 1+1-dimensional integrable quantum

�eld theories has received substantial attention over the past decade.�esemod-

els are characterized by their asymptotic particle spectrum and their two-particle

S-matrix; so far, those particles have been bosonic. By contrast, we consider the
case of asymptotic fermions. Abstractly, they arise from a grading of the un-

derlying operator algebraic structures (Borchers triples). Many of the technical

methods required can be carried over from the bosonic case, mutatis mutandis;
most importantly, existing results on the technically hard part of the construction

(i.e., establishing themodular nuclearity condition) do not require modi�cation.

�us we are lead to a new family of rigorously constructed quantum �eld the-

ories which are physically distinct from the bosonic case (with a di�erent net

of local algebras and a di�erent scattering theory). �eir local operators ful�ll

modi�ed form factor axioms, consistent with the physics literature.

MP 7.2 Wed 17:05 MP-H5
Interacting massless infraparticles in 1+1 dimensions — ∙Wojciech

Dybalski
1
and JensMund

2
—

1
AMUPoznań—

2
Universidade Federal de Juiz

de Fora - UFJF

�e Buchholz’ scattering theory of waves in two dimensional massless models

suggests a natural de�nition of a scattering amplitude. We computed such a scat-

tering amplitude for charged infraparticles that live in the GNS representation

of the 2d massless scalar free �eld and obtained a non-trivial result. It turns out

that these excitations exchange phases, depending on their charges, when they

collide. Perspectives for obtaining a similar e�ect in higher dimensions will also

be discussed.

MP 7.3 Wed 17:25 MP-H5
Quantum energy inequalities in integrable QFTmodels— ∙JanMandrysch

— Institut für theoretische Physik, Leipzig

Many results in general relativity rely crucially on classical energy conditions

imposed on the stress-energy tensor. Quantum matter, however, violates these

conditions since its energy density can become arbitrarily negative at a point.

Nonetheless quantum matter should have some reminiscent notion of stabil-

ity, which can be captured by the so-called quantum (weak) energy inequalities

(QEIs), lower bounds of the smeared quantum-stress-energy tensor. QEIs could

be proven in many free quantum �eld theory (QFT) models on both �at and

curved spacetimes. In interacting theories only few results exist. We are here pre-

senting numerical and analytical results on QEIs in interacting integrable QFT

models in 1+1 dimension, in particular the O(N)-nonlinear-sigma model at 1-

particle level.

MP 7.4 Wed 17:45 MP-H5
Dyson-Schwinger Equations in TensorialΦ4�eory— ∙Johannes Thürigen
— Mathematisches Institut der Westfälischen Wilhelms-Universität, Münster,

Deutschland
In quantum �eld theory, the Connes-Kreimer Hopf algebra captures not only the

structure of perturbative renormalization but allows also to describe the non-

perturbative regime in terms of “combinatorial” Dyson-Schwinger equations.

�is algebra generalizes from usual Feynman diagrams to “strand graphs”, the

combinatorial objects underlying a broad class of non-local theories, in partic-

ular tensorial �eld theory. Here we show how this can be used to derive Dyson-

Schwinger equations in the case of Φ
4
theory with tensorial interactions.

MP 7.5 Wed 18:05 MP-H5
Dyson series approach for understanding quadratic interactions — ∙Ayush
Paliwal

1
and Karl Henning Rehren

2
—

1
Institut für �eoretische Physik,

Universität Göttingen —
2
Institut für�eoretische Physik, Universität Göttin-

gen

We analyze for general quadratic interactions whether, and in which sense, the

two point function of the perturbed �eld, written in terms of the unperturbed

�eld as a Dyson expansion, taken in the vacuum state of the unperturbed �eld,

converges to the vacuum state of the perturbed �eld when the adiabatic limit

is taken. �e answer is a�rmative in a number of simple cases, where the per-

turbed �eld is explicitly known.�e result is not in con�ict with Haag’s theorem.

It suggests to use the same method to compute the two-point function in some

cases of interest where the perturbed �eld is not known.

MP 7.6 Wed 18:25 MP-H5
A C∗-algebraic approach to the classical limit of quantum systems —
∙Christiaan van de Ven

1
and ValterMoretti

2
—

1
Max Planck Institute for

Mathematics in the Sciences, Leipzig,Germany —
2
Università di Trento, Trento,

Italy

Quantization refers to the passage from a classical to a corresponding quantum

theory. �e converse problem, called the classical limit of quantum theories, is

considered as a much more di�cult issue and poses an important question for

various areas of modern mathematical physics.

In this talk I will present this notion, �rst by introducing a natural framework

based on the theory of deformation quantization. Subsequently, I will show that

this setting is perfectly suitable to model the classical limit of quantum theories.

More precisely, the corresponding quantization maps allow us to take the limit

for ħ → 0 of a suitable sequence of algebraic states induced by ħ-dependent
eigenvectors of several quantum models, in which the sequence converges to a

probability measure on the pertinent phase space.

In addition, since this C∗
-algebraic approach allows for both quantum and

classical theories, it provides a convenient way to study the theoretical concept

of spontaneous symmetry breaking (SSB) as an emergent phenomenon when

passing from the quantum realm to the classical world by switching o� the

semi-classical parameter ħ. �is is illustrated for several physical models, e.g.
Schrödinger operators and mean-�eld quantum spin systems.
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MP 8: Alternative approaches
Time: Wednesday 17:25–18:25 Location: MP-H6

MP 8.1 Wed 17:25 MP-H6
Speicherung elektrischer Energie — ∙Roland Renz — 96138 Burgebrach

Treppendorf 38

Unter Vernachlässigung der elektischen Verschiebungsstromdichte ist das Max-

wellsche Gleichungssystem analytisch gelöst worden. Die neue Lösung ist zuge-

schnitten auf einen großen Bereich von elektromagnetischen Randbedingungen,

inclusive der von DC- und AC-Betrieb. Man kann diese analytische Lösung auf

das älteste Problem der Energietechik anwenden, der Speicherung von elektri-

scher Energie. Dazu nutzen wir die in elektrischen Maschinen rotatorisch er-

zeugte Spannung, die jetzt analytisch berechnet werden kann. Diese rotatorisch

erzeugte Spannung beruht auf der räumlich verteilten elektrischen Feldstärke,

die aus einem Vektorprodukt entsteht, gebildet aus der Umlaufgeschwindigkeit

des koaxialen Kondensators und der ruhenden axialen magnetischen Induktion

einer DC-Spule. Die so erzeugte räumliche E-Feldstärke ist radial gerichtet und

überlagert das elektrische Feld des geladenen koaxialen Kondensators. Die re-

sultierende E-Feldstärke bestimmt die Spannung am Kondensator. Mit Hilfe des

analytischen Durchgri�s optimieren wir die Maschine bezüglich aller Parame-

ter. Wir berechnen die elektrische Ladung des Kondensators durch eine zeitli-

che Integration des Ladestroms, der bestimmt ist durch die Spannungsdi�erenz

von aktueller Kondensatorspannung und aktueller DC-Busbar-Spannung. Rege-

lungstechnisch gesehen hat der so gebaute elektrische Energiespeicher integrale

Eigenscha�en, die notwendig sind, um ein HGÜ-Netz sicher und sehr stabil ma-

chen zu können.

MP 8.2 Wed 17:45 MP-H6
Physik und Sehgewohnheiten — ∙Helmut Hille — Fritz-Haber-Straße 34,

74081 Heilbronn

Es ist eine Sehgewohnheit, getrennt Gesehenes als getrennt Existierendes ein-

zustufen, Das kann für das Überleben nützlich sein, können wir doch dadurch

Einzelnes besser fokussieren. Aber was ist z.B. mit Erde, Sonne und Mond? Rea-

gieren sie nicht als ein Ganzes? Das Wasser der Meere türmt sich in Richtung

Mond. Und wenn Mond und Sonne in einer Linie stehen gibt es die gefürchtete

Spring�ut. Und so ist es doch mit allen kosmischen Objekte, die ewig umein-

ander herumtanzen und um ein geheimes Zentrum kreisen. Keines täte es von

sich aus. Einstein sagte: *Es gibt keine Fernwirkungen* Richtig! Die Dinge sind

sich nicht fern, wir sehen sie nur so! Alles wurde beim Urknall miteinander ver-

schränkt und reagiert dadurch von Anfang an als ein Ganzes. Wir nennen die

Kra� die dies bewirkt Schwerkra� oder Gravitation, Das Problem der Fernwir-

kungen erledigt sich so ohne jede Hypothese, allein durch Beachtung unserer

Sehgewohnheit. Ebenso ist es mit dem Problem der Bewegung bei Unbelebten,

was näher ausgeführt wird. So wie wir Biologie und Physik unterscheiden müs-

sen, somüssenwir die *Bewegung* vonBelebten undUnbelebten unterscheiden,

wollen wir physikalische Objekte angemessen verstehen.

MP 8.3 Wed 18:05 MP-H6
Die Vereinigung der vier Grundkrä�e der Natur— ∙Adolf Bablitzka—Al-
penblick 6, 88682 Salem, Baden

Der Vortrag beschreibt die Vereinigung der vier Grundkrä�e der Natur durch

Einführung der von mir sog. Planckkra�

Kou = h * c / Oo aus Oo = G * h / (c * c * c),

sowie der Einführung der Spannung Uo mit Ersatz von ec durch eo.

Es werden Terme vorgeschlagen, die alle genannten Naturkonstanten mit be-

liebiger Genauigkeit ermitteln lassen.

MP 9: Quantum gravity (joint session MP/GR)
Time:�ursday 11:00–12:40 Location: MP-H5

Invited Talk MP 9.1 �u 11:00 MP-H5
Reduced phase space quantisation in Loop quantum gravity and loop quan-
tum cosmology— ∙Kristina Giesel1, Bao-Fei Li2, and Parampreet Singh2

—
1
Institute for Quantum Gravity, Department of Physics, FAU Erlangen-

Nürnberg, Staudtstr. 7, 91058 Erlangen, Germany —
2
Department of Physics

and Astronomy, Louisiana State University, Baton Rouge, LA 70803, USA

In this talk an overview over results that apply a reduced phase space quanti-

sation to formulate the dynamics of loop quantum gravity and loop quantum

cosmology will be presented. It will be brie�y discussed how a reduced phase

space for GR can be derived by coupling additional reference matter. �e re-

duced phase space for GR is taking as a starting point for a loop quantisation

either in full LQG or in the symmetry reduced case of LQC. Di�erent choices of

reference matter yield in general di�erent quantum models and several existing

models will be compared. In the framework of LQC it will be analysed how dif-

ferent choices of reference matter can lead to di�erent physical properties of the

models and it will be discussed what kind of conditions appropriate reference

matter should satisfy in this context.

Invited Talk MP 9.2 �u 11:30 MP-H5
Quantum �elds propagating on curved backgrounds and their in�uence on
spacetime curvature — ∙Nicola Pinamonti — Department of Mathematics,
University of Genova, Italy

We shall review the theory of quantum �elds propagating on curved back-

grounds in the semiclassical approximation. Within this approximation matter

is described by quantum �elds propagating on a classical curved spacetime and

their in�uence on spacetime curvature is taken into account by means of semi-

classical Einstein equations. Typical known e�ects in this approximation are par-

ticle creation on cosmological spacetime, Hawking radiation in the case of black

hole backgrounds and their evaporation. �e semiclassical analysis we would

like to present requires a careful study of the form of the correlation functions

of the state which describes matter. �e thorough analysis of their ultraviolet

divergences and their renormalization is necessary to obtain meaningful expres-

sions for the expectation values of the matter stress energy tensor.�e resulting

stress energy tensor will have nontrivial e�ects on the curvature on cosmological

spacetimes too. In the latter case, semiclassical Einstein equations give origin to

a well posed dynamical system provided the quantum state for matter is chosen

in an appropriate way. �e question of existence of exact solutions of such sys-

tem will be discussed and some implication for cosmology will be presented. In

the case of black hole physics, exploiting the stress tensor properties, we will give

a local model of black hole evaporation.

MP 9.3 �u 12:00 MP-H5
A master equation for gravitationally induced decoherence of a scalar �eld
— ∙Max Joseph Fahn, Kristina Giesel, and Michael Kobler — Institute

for Quantum Gravity, Department of Physics, FAU Erlangen-Nürnberg, Staudt-

str. 7, 91058 Erlangen, Germany

In the talk, we present the derivation of a decoherence model containing a scalar

�eld coupled to a gravitational environment. With such a model, one can pre-

dict quantum gravity e�ects in the scalar �eld’s dynamics that arise due to the

presence of gravity. Starting with full general relativity in Hamiltonian form ex-

pressed in Ashtekar’s connection formulation, we focus on weak gravitational

interactions in an asymptotically �at universe, modelled by gravitational waves

propagating on a �xed background, and the scalar �eld as matter component.

Firstly, we construct appropriate observables (gauge invariant quantities) for the

model which become elementary variables in the reduced phase space of the

model. A�erwards a reduced phase space quantisation using Fock quantisation

is performed. With the help of the projection operator technique, we derive

a second order time-convolutionless master equation, that is an e�ective evolu-

tion equation which predicts the temporal evolution of the scalar �eld, including

the gravitational interaction e�ectively in terms of certain operators, whose form

is a result of the model under consideration and several physical assumptions.

�ese additional terms lead to physical e�ects like dissipation or decoherence of

the matter �eld induced by gravity. Finally, we brie�y discuss possible applica-

tions of the model’s master equation.

MP 9.4 �u 12:20 MP-H5
Quantum (supersymmetric) black holes in loop quantum gravity —
∙Konstantin Eder— FAU Erlangen-Nürnberg
Black holes are immediate and unavoidable consequences of Einstein’s theory of

gravitywhose existence nowadays has been con�rmedwith remarkable accuracy.

Albeit leading to a huge success of the theory, there are also various open ques-

tions that point out its incompleteness. One of them is about the huge amount of

microstates needed to explain the entropy of black holes as predicted by Beken-

stein and Hawking: What are these micostates? Answering it poses a challenge

for any formulation for quantum theory of gravity. In loop quantum gravity a

very intriguing picture has been developed that suggests an answer in terms of

topological Chern-Simon degrees of freedom induced by quantized geometry on

the horizon. In this talk, we �rst give a general review on the description of black

hole horizons in LQG.�en, we will give an outlook on recents results towards

their generalization to the supersymmetric context. �ere, it turns out, using

tools from super Cartan geometry, that the unique boundary theory in chiral

supergravity corresponds to that of a super Chern-Simons theory. �is enables

one to transfer ideas from the bosonic to the supersymmetric setting.
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MP 10: Classical and quantum gravity
Time:�ursday 16:15–17:15 Location: MP-H5

MP 10.1 �u 16:15 MP-H5
Space - Time - Matter: Finite Projective Geometry as a QuantumWorld with
Elementary Particles — ∙Klaus Mecke — Institut für �eoretische Physik,

Universität Erlangen-Nürnberg

A uni�ed theory for space-time and matter might be based on �nite projective

geometries instead of di�erentiable manifolds and �elds. In contrast to general

relativity the metric is given over a �nite Galois �eld which de�nes neighbors in

the �nite set of points. Due to the projective equivalence of all quadratic forms in

�nite projective geometries this world exhibits necessarily a 4-dimensional, lo-

cally Lorentz-covariant space-time with a gauge symmetry G(3)xG(2)xG(1) for

points at in�nity which represent elementary particle degrees of freedom.�us,

matter appears as a geometric distortion of an inhomogeneous �eld of quadrics

and physical properties of the standard model such as spins and charges seem

to follow from its �nite geometric structure in a continuum limit.�e �niteness

inevitably induces a fermionic quantization of all matter �elds and a bosonic for

gauge �elds. �e main di�erence to Einstein’s general theory of relativity is the

use of �nite �elds instead of real numbers to parametrize points of events.

K. Mecke, Biquadrics con�gure �nite projective geometry into a quantum

spacetime, EPL 120, 10007 (2017).

MP 10.2 �u 16:35 MP-H5
On consistent gauge-�xing conditions in polymerized gravitational systems
— Kristina Giesel

1
, Bao-Fei Li

2
, Parampreet Singh

2
, and ∙Stefan An-

dreasWeigl
1
—

1
Institute for Quantum GravityDepartment of Physics,�eo-

retical Physics III, FAU Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen, Ger-

many —
2
Department of Physics and Astronomy, Louisiana State University,

Baton Rouge, LA 70803, USA

Gauge �xing is a standardmethod for deriving the physical sector of a gauge the-

ory. In the context of symmetry reduced models of loop quantum gravity a poly-

merisation has been applied to gauge �xed models to obtain so called e�ective

theories that mimic the underlying quantum theory to some extend. Motivated

from the question whether gauge �xing and polymerization commute, in this

talk we will discuss the subtleties of implementing dynamical consistent gauge

�xings in the e�ective theory and present a procedure to determine in a given

model the e�ective lapse and shi�. Although we can proof for a range of models

that gauge �xing and polymerization does indeed commute and discuss conse-

quences, for most models in the literature this is not the case. We further discuss

how for a given choice of e�ective lapse and/or shi� one can obtain a correspond-

ing gauge �xing condition and show that in general this requires non-standard

polymerisations or gauge �xing conditions with di�erent classical limits. Based

on these results we will then conclude with a discussion of some models from

the literature.

MP 10.3 �u 16:55 MP-H5
Local normal forms for Riemannian metrics with in�nitesimal symmetries
of their pre-geodesics. — ∙Andreas Vollmer — Corso Duca degli Abruzzi,
24, 10129 Torino TO Italy

Projective vector �elds are in�nitesimal symmetries that preserve pre-geodesics,

i.e. geodesics up to reparametrisation. A classical problem formulated by Sophus

Lie is to describe the local metrics that admit such symmetries.

�e list of local normal forms in dimension two has only recently been es-

tablished, by Aminova (1990, 2003), Bryant-Manno-Matveev (2009), Matveev

(2012) and Manno-V (2020). In joint work with G. Manno, we have recently

derived such a list for dimension three, too (arXiv:2110.06785). �e talk will

provide an overview of the normal forms and their projective symmetry alge-

bras, and will explain the techniques used to obtain them.

MP 11: Thermodynamics and fundamental aspects of field theory
Time:�ursday 16:35–18:15 Location: MP-H6

MP 11.1 �u 16:35 MP-H6
Relation between the Cartesian multipole expansion and the spherical har-
monic expansion — ∙Nils Walter Schween and Brian Reville — Max-

Planck-Institut für Kernphysik, Saupfercheckweg 1, Heidelberg 69117, Germany

�e multipole expansion, which is, for example, used to approximate an electro-

static potential (or a gravitational potential), has two equivalent forms. First, it

is a Taylor expansion, i.e.

4πє0ϕ(r) = X
ρ(r�)
|r − r�|

dr�3 =
∞
H
l=0

1

l !
ri1 ⋅ ⋅ ⋅ rilQi1 ⋅⋅⋅il

r2l+1
.

Note the Einstein summation convention. Secondly, it is a spherical harmonic

expansion, i.e.

4πє0ϕ(r) =
∞
H
l=0

l
H

m=−l

4π
2l + 1

qml
r lYm

l (θ, φ)
r2l+1

.

We show that the relation between these two expansions can be formalised as

a series of basis transformations of spaces of homogeneous polynomials of in-

creasing degree l. �ese basis transformations allow us to derive an algorithm
to express the components of the multipole tensors, i.e. Qi1 ⋅⋅⋅il , as linear combi-
nations of the spherical multipole moments qml for an arbitrary degree l. Since
the spherical multipole moments are

qml := X Ym
l

∗(θ, φ)r�l ρ(r) dr�3 ,
this opens the opportunity to compute Qi1 ⋅⋅⋅il solving the above integral instead
of performing the derivatives and integrations needed to compute the multipole

tensor components directly.

MP 11.2 �u 16:55 MP-H6
On the uni�cation of mechanics and thermodynamics — ∙Grit Kalies —
HTWUniversity of Applied Sciences, Dresden, Germany

Mechanics and thermodynamics (TD) are usually considered to be uni�ed.�is

view is based on the work of Clausius and Boltzmann [1, 2], who attributed the

behavior of complex systems to idealized moved material points. Nevertheless,

mechanics and TD have been incompletely uni�ed so far.�ey are taught sepa-

rately, use di�erent types of energy, namely the external and internal energy, and

while the equations of mechanics, relativistic mechanics, and quantummechan-

ics are invariant under time reversal, those of TD are not.

Based on recent work [3-6], a uni�ed formulation of mechanical and ther-

modynamic process equations is presented: �e internal and external energies

of an object are described in a uni�ed manner. �e equation of the ideal gas is

derived in a simple way using process equations. Force, entropy, chemical po-

tential, Gibbs free energy and other state variables are vividly interpreted at the

fundamental level. �e �ndings, consistent with experiment, enable a realistic

and causal quantum physics and cosmology to be developed.

[1] R. Clausius, Pogg. Ann. 142 (1871) 433-461; [2] L. Boltzmann, Sitzungs-

ber. kaiserl. Akad. Wiss. Wien 66 (1872) 275-370; [3] G. Kalies, Z. Phys. Chem.

234 (2020) 1567-1602; [4] G. Kalies, Z. Phys. Chem. 235 (2021) 849-874; [5]

G. Kalies: Back to the roots: �e concepts of force and energy, Z. Phys. Chem.

(2021) 1-53; DOI: 10.1515/zpch-2021-3122;[6] G. Kalies: On the uni�cation of

mechanics and thermodynamics, submitted (2021).

MP 11.3 �u 17:15 MP-H6
�e fundamental role of the proper time parameter in general relativity and
in quantummechanics— ∙René Friedrich— Strasbourg
Special relativity provides time with a precise physical concept, splitting the ab-

solute Newtonian time into two di�erent time concepts, proper time and coordi-

nate time: In a �rst step, time is generated by rest energy, in the formof the proper

time parameter of a worldline of a particle, and in a second step, the worldline

is observed, by measuring the corresponding coordinate time parameter of the

observer. Conversely, from the observed coordinate time wemay retrieve by cal-

culation the underlying proper time of the worldline. Proper time is time before

time dilation, and coordinate time is time a�er time dilation. �is is why for

fundamental, unresolved questions about time we should not refer to the coor-

dinate time parameter of spacetime but to the more fundamental parameter of

proper time.

MP 11.4 �u 17:35 MP-H6
Electrodynamics and the Isoclinic Decomposition of SO(4) — ∙Alexander
Unzicker— Pestalozzi-Gymnasium München

According toWilliamRowanHamilton, quaternions are a ’fundamental building

block of the physical universe’. By visualizing unit quaternions with the stereo-

graphic projection, it is shown that unit quaternions display many characteristic

features of electrodynamics.�e question as to the origin of this interaction thus

might be approached with an alternative description of spacetime by means of

quaternions.

MP 11.5 �u 17:55 MP-H6
On Negative Mass, Dark Energy and Dark Matter — ∙Antoine A.J. van de

Ven— Alumnus of Utrecht University, P.O. Box 19027, 3501 DA, Utrecht,�e

Netherlands
Back in 1957 Bondi published about negative mass in general relativity. In 2003
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the author published a new formalism and rede�nition of mass and energy in

which antimatter has negative mass while its energy is still always positive and

wrote ’It is predicted that antimatter has antigravitational properties and that

antimatter is the dark energy in the universe’. In later presentations it was also

further elaborated that this can also explain away darkmatter without further as-

sumptions. Antimatter with repulsive gravitational �elds surrounding a galaxy

will generate an extra inward gravitational force without needing dark matter.

�is was also presented at ’�e Dark Universe Conference’ in Heidelberg in 2011

and other places and has been used and cited by others. See the references in [1].

In this presentation an update will be given including an alternative formulation

and interpretation of the Dirac equation with quaternions in which negative en-

ergies are avoided and in which it is derived that antimatter has negative mass in

this formalism.

Reference:

[1] S.�akur and S. Mukerji, ”A Brief Study of the Universe,” International

Journal of Astronomy and Astrophysics, Vol. 3 No. 2, 2013, pp. 137-152.

doi:10.4236/ijaa.2013.32016

MP 12: Quantum field theory for particle physics and plasmas
Time:�ursday 17:15–18:15 Location: MP-H5

MP 12.1 �u 17:15 MP-H5
Quantum Backreaction in Laser-driven Plasma—GudridMoortgat-Pick,

Ananta Effendie, and ∙Victor Rogner—Universität Hamburg
High-intensity laser-matter interactions are of interest for both experimental and

theoretical physicists alike. New and more intense lasers could introduce incon-

sistencies into the classical approach on which the theories of the interactions

have been calculated.

In light of new approaches to the quantisation of laser-driven Plasma that do

not rely on particle-in-cell codes that are commonly used to model events on the

quantum-scale, �eld theories are constructed through means including various

attributes (like multi-particle e�ects) from the out-set.

In this Talk we will try to enable a better understanding of quantum-�eld-

theory under the constraints given by a uniform plasma. Central to our work,

we follow a di�erent Ansatz namely the path integral quantisation of a Bi-Scalar

�eld, which will be constructed through the successive introduction of quantum

properties to the classical theory of laser driven plasma.

Starting from the classical equations governing the behaviour of laser-driven

Plasma, we will extrapolate equations from the path integral quantisation and

in doing so, �nd linearised �eld equations for our scalar �elds that dictate the

dynamics of a monochormatic Laser propagating through a uniform plasma.

We will then compare with results from literature.

MP 12.2 �u 17:35 MP-H5
QuantumBackreaction in Laser-Driven Plasma—GudridMoortgat-Pick,

Victor Rogner, and ∙Ananta Effendie—University of Hamburg
Similarly to the statistical mechanics as they pertain to gases, the sets of mechan-

ics for a plasma will need to be modeled separately from that of other states of

matter.

In particular, the electrons behave as if free inside a plasma, the intense laser-

pulse interactions of which are of interest in the understanding of a laser-driven

plasma. In contrast to the particle-in-cell approach already explored thoroughly

and canonized in EPOCH, an approach considering multi-particle e�ects will

yield separate mathematical insights.

�e proposed method of integral quantisation utilizes the action in respect to

the Lagrangian and allows quantum considerations from quantum-�eld-theory

and quantum-electrodynamics to be introduced, the e�ects of which are largely

ignored through the particle-in-cell approach.

�is yields �eld equations describing a laser-driven plasma, including backre-

actions of quantum �uctuations, which can be linearised to describe a uniform,

monochromatic laser beam propagating through a uniform plasma.�e result-

ing quantum perturbations appear non-trivial.

MP 12.3 �u 17:55 MP-H5
Higgs Mechanism — ∙Abhishek Goswami — Adam Mickiewicz University,

Poznan, Poland

In the Standard Model of particle physics, the interaction of a particle with the

Higgs boson is responsible for its mass generation.�is principle is known as the

Higgs mechanism. In this talk, I will discuss a rigorous, non-perturbative proof

of the Higgs mechanism. I will start with a weakly coupled U(1) Higgs theory

on a unit lattice and show the exponential decay of correlations of the observable

electromagnetic �eld strength tensor.�is is the mass gap. I will also discuss the

application of a new power series cluster expansion to this problem and explain

how it provides a clean and simple alternative to decoupling cluster expansions

in Constructive QFT.

Reference- Goswami, A. Mass Gap in Weakly Coupled Abelian Higgs on a

Unit Lattice. Ann. Henri Poincaré 20, 3955-3996 (2019).

MP 13: Annual General Meeting
Time:�ursday 19:30–20:30 Location: MP-MV
Annual general meeting
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EXPLORER Molecular Imaging Center

Department of Radiology
University of California Davis

rbayerlein@ucdavis.edu

Overview of Invited Talks and Sessions
(Lecture hall ST-H4; Poster P)

Plenary Talk of ST
See plenary section for details.

PV I Mon 11:40–12:25 Audimax Making uncertainty certain?: Proton therapy, range and in-vivo veri�cation. — ∙Tony
Lomax

Invited Talks
ST 4.1 Tue 14:00–14:40 ST-H4 Present status and future challenges of magnetic resonance-guided radiotherapy —∙Christian P. Karger
ST 10.1 �u 16:15–16:55 ST-H4 Arti�cial intelligence in PET image reconstruction and quantitative analysis —∙Zhaoheng Xie

Invited Talks of the joint symposium SMuK Dissertation Prize 2022 (SYMD)
See SYMD for the full program of the symposium.

SYMD 1.1 Mon 14:00–14:25 Audimax Timeless QuantumMechanics and the Early Universe— ∙LeonardoChataigner
SYMD 1.2 Mon 14:25–14:50 Audimax First tritium β-decay spectrum recorded with Cyclotron Radiation Emission

Spectroscopy (CRES)— ∙Christine Claessens
SYMD 1.3 Mon 14:50–15:15 Audimax Watching the top quarkmass run - for the �rst time! — ∙MatteoM.Defranchis,

Katerina Lipka, Sven-OlafMoch
SYMD 1.4 Mon 15:15–15:40 Audimax Towards beam-quality-preserving plasma accelerators: On the precision tuning

of the wake�eld— ∙Sarah Schröder

Prize Talks of the joint Awards Symposium (SYAW)
See SYAW for the full program of the symposium.

SYAW 1.1 Wed 14:10–14:40 Audimax Wie überprü� man die Ziele der Lehramtsausbildung Physik? — ∙Horst
Schecker

SYAW 1.2 Wed 14:40–15:10 Audimax Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry and
Black Holes— ∙Frank Eisenhauer

SYAW 1.3 Wed 15:10–15:40 Audimax Turbulence in one dimension— ∙AlexanderM. Polyakov

Sessions
ST 1.1–1.6 Mon 14:00–15:30 ST-H4 Radiation therapy I
ST 2.1–2.4 Mon 16:15–17:30 P Poster Session
ST 3.1–3.5 Tue 11:00–12:15 ST-H4 Arti�cial Intelligence in Medicine
ST 4.1–4.5 Tue 14:00–15:40 ST-H4 Radiation monitoring and dosimetry I
ST 5 Tue 16:15–17:30 ST-MV Annual General Meeting
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ST 6.1–6.5 Wed 11:00–12:15 ST-H4 Detectors and Applications I
ST 7.1–7.5 Wed 16:15–17:30 ST-H4 Radiation monitoring and dosimetry II
ST 8.1–8.4 �u 11:00–12:00 ST-H4 Radiation therapy II
ST 9.1–9.6 �u 14:00–15:30 ST-H4 Detectors and Applications II
ST 10.1–10.1 �u 16:15–16:55 ST-H4 Total-Body PET
ST 11 �u 16:55–17:10 ST-H4 Prize Ceremony and Closing Session

Annual General Meeting of the Radiation and Medical Physics Division
Tuesday 16:15–17:30 ST-H4

Networking and Coffee Breaks
Everybody is kindly invited to join the meeting area during the co�ee breaks. Continue the discussion with the speakers of the previous
session, meet your colleagues and get to know new people. Please feel free to bring a cup of co�ee and enjoy the networking!
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Sessions
– Invited Talks, Contributed Talks, and Posters –

ST 1: Radiation therapy I
Time: Monday 14:00–15:30 Location: ST-H4

ST 1.1 Mon 14:00 ST-H4
Usage of the track reconstruction frameworkCorryvreckan in proton therapy
— ∙Christopher Krause, Valerie Hohm, Kevin Kröninger, Jens Wein-

garten, and FlorianMentzel— TU Dortmund, Dortmund, Germany

�e Inner Tracker of theATLAS experiment requires the optimal performance of

its pixel sensors. To test their e�ciency, a reliable track reconstruction and anal-

ysis for testbeam data is necessary to ensure the precise detection of particles.

In the last years, track reconstruction was mostly done with the EUTelescope

so�ware, a generic and versatile framework.

In 2017, the new track reconstruction so�ware Corryvreckanwas publishedwith

the intention to reduce external dependencies without reducing the quality and

versatility of track reconstruction in complex environments.

E�orts are made in TU Dortmund to use pixel sensors and track reconstruction

so�ware for proton computed tomography. �e usage of Corryvreckan for low

energy high density proton beams is investigated.

�is talk presents the performance tests of Corryvreckan with simulated data.

�e simulated data is generated with Allpix
2
and serves to test the usability of

Corryvreckan with beam properties used in proton therapy. Results are further

improved through the use of machine learning algorithms to separate true and

false reconstructed tracks.

ST 1.2 Mon 14:15 ST-H4
Simulationen zurOrtsau�ösung in der Protonenradiographie unter Verwen-
dung eines ATLAS Pixeldetektors — ∙Jacqueline Schlingmann, Marius

Hötting, Kevin Kröninger und JensWeingarten— TU Dortmund, Lehr-

stuhl für Experimentelle Physik IV

Bei der Protonentherapie muss eine Sicherheitsspanne um den zu bestrahlenden

Bereich eingehalten werden um sicherzustellen, dass das gesamte zu bestrahlen-

de Gewebe behandelt wird. Unsicherheiten durch Lagerungsveränderungen und

durch die Bildgebung mit Elektronen sind ausschlaggebend für die Sicherheits-

spanne.

Um die Protonentherapie zu optimieren, soll zur Veri�zierung der Position

des zu bestrahlenden Bereiches eine Bildgebung mit Protonen am Ort der Be-

strahlung statt�nden. Desweiteren kann der Patient vor und während der Be-

strahlung überwacht werden. Für die Bildgebung wird zunächst die Au�ösung

über ein edge Phantommit Hilfe derModulation transfer function (MTF) unter-

sucht. Außerdem werden Methoden zur Bildverarbeitung und Objektextraktion

getestet.

In diesem Vortrag werden die Ergebnisse und die Methode zur Au�ösungs-

bestimmung präsentiert. Desweiteren werden Bildverarbeitungsmethoden mit

den verwendeten Filtern in Hinblick auf die Möglichkeit zur Positions�ndung

von Objekten im Phantom diskutiert.

ST 1.3 Mon 14:30 ST-H4
Study of prompt gamma emission in c12(p, p*γ)c12 nuclear reactions close to
a bragg peak— ∙Mariam Abuladze

1,2
, RonjaHetzel

3
, Jonas Kasper

3
, Re-

vaz Shanidze
1,2
, andAchim Stahl

3
—

1
Tbilisi State Univerity, Tbilisi, Georgia

—
2
Kutaisi International University, Kutaisi, Georgia —

3
RWTH Aachen Uni-

versity, Aachen, Germany

Proton therapy is a high-quality radiation therapy which uses a proton beam to

irradiate human tissue. �e advantage of this type of treatment is a highly con-

formal dose deposition due to the presence of the Bragg peak.�ough it is o�en

required to irradiate the tumor volume with a precision better than 1 - 2 mm,

which means that proton therapy needs not only precise treatment planning but

also monitoring and proton range veri�cation during the treatment. One of the

ways tomonitor the proton range is PromptGamma Imaging (PGI)whichmeans

to detect gamma rays produced by the excitation of the target nuclei by incident

protons.

In this work, a results of the Geant4 simulation (version 10.6.3.) of interac-

tions of 17.56 MeV protons with a carbon target are shown. �is includes the

study of 4.4 MeV and 9.6 MeV line properties, as multiple di�erences were ob-

served between simulation and experiment, one of which is a double peak for

the C
12
(p, p*γ)C12 spectral line.�e shortcomings of the current physical mod-

els in Geant4 in describing the shape and intensity of the 4.4 MeV and 9.6 MeV

gamma lines will be discussed.

ST 1.4 Mon 14:45 ST-H4
Granularity and Photomultiplier studies for Prompt Gamma Spectra in Pro-
ton �erapy — ∙Olga Novgorodova and Arno Straessner — IKTP TU

Dresden, Dresden, Germany

Prompt gammas (PG) in proton therapy are one of the promising techniques for

non-invasive measurements of in-vivo proton range and it is already in imple-

mentation in clinical research. It can be based on time or spectral measurements.

We concentrate on the spectral properties by developing systems measuring PG

in the range 2-8 MeV, which already were shown to provide a time resolution

of about 100 ns. A big problem in the recording prompt gammas during the

irradiation of patients is the data load due to the size of the crystal. By decreas-

ing the size of the crystals and forming them into the matrices the load to each

channel can be reduced and more PGs can be detected. We are investigating dif-

ferent sizes and types of crystals to �nd an optimum. Availability on the market

and the choice of photomultipliers also plays an important role for the granu-

larity of crystals. �ree di�erent types of photomultipliers were used: a regular

PMT, MAPMT and several SiPMs, which have high photon detection e�ciency,

good time resolution, low bias voltage and can operate in magnetic �elds. For

the SiPMs, PETsys readout electronics was used. In the presentation we present

e�ects due to crystal types and sizes, and compare di�erent photomultipliers and

read out systems.

ST 1.5 Mon 15:00 ST-H4
Use of PET Readout Electronics for a Scintillating Fiber-Based Comp-
ton Camera — ∙Sara Müller

1,3
, Ronja Hetzel

1,3
, Mareike Profe

1
,

Achim Stahl
1
, Aleksandra Wronska

2
, Ming Liang Wong

2
, Magdalena

Kołodziej
2
, Katarzyna Rusiecka

2
, David Schug

3
, Björn Weissler

3
, and

Volkmar Schulz
1,3
—

1
RWTH Aachen University - Physics Institute III B,

Aachen, Germany —
2
M. Smoluchowski Institute of Physics, Jagiellonian Uni-

versity Kraków, Poland —
3
RWTH Aachen University, Physics of Molecular

Imaging Systems, Aachen, Germany

A powerful tool in cancer treatment is hadron therapy. Its precision can be op-

timised by online-monitoring the Bragg peak position by using prompt gamma

radiation emitted in the process. A Compton camera is a promising setup for

this task as it provides the possibility to reconstruct the shape and the location

of the deposited dose.

�e SiFi-CC (SiPM and scintillating Fiber-based Compton Camera) is devel-

oped by researchers of the RWTHAachenUniversity, the Jagiellonian University

in Kraków and the University of Lübeck.�e two parts of the SiFi-CC, the scat-

terer and the absorber, both consist of closely packed LYSO:Ce �bres and are

read out by digital SiPMs. �e SiPMs are arranged in a sensor tile which was

originally developed for PET systems and which consists of 36 Digital Photon

Counters containing four readout channels each.�us, the light produced in the

scintillating �bers is spread over several SiPMs. A small-scale prototype of the

camera has been assembled and was tested under laboratory conditions. First

results of these measurements will be presented.

ST 1.6 Mon 15:15 ST-H4
Proton �eld veri�cation by implant activation — ∙Claus Maximilian

Bäcker
1,2,3
, Christian Bäumer

1,2,3
, Walter Jentzen

5
, Sandra Laura

Kazek
5
, Kevin Kröninger

1
, Fleur Spiecker

1
, Nico Verbeek

2,3
, Jens

Weingarten
1
, Jörg Wulff

2,3
, and Beate Timmermann

2,3,4,6
—

1
TU Dort-

mund University, Department of Physics, D-44221 Dortmund —
2
West Ger-

man Proton�erapy Centre Essen, D-45122 Essen —
3
University Hospital Es-

sen, West German Cancer Center, D-45122 Essen—
4
University Hospital Essen,

Department for Particle �erapy, D-45122 Essen —
5
University Hospital Es-

sen, Clinic for NuclearMedicine, D-45122 Essen—
6
University Duisburg/Essen,

Faculty of Medicine, D-45147 Essen

�e delivered dose in particle therapy is sensitive to the correctly predicted range.

Uncertainties arise e.g. from estimation of tissue stopping powers. In order

to identify range uncertainties of the treatment �elds, multiple techniques have

been developed in the past. However, these techniques come with several lim-

itations for the clinical applicability. In this study, the potential use of implant

activation for �eld veri�cation is investigated.�erefore, a method validation is

performed focusing on the activation of titanium implants during proton ther-

apy treatments and subsequent PET imaging. �e parameters delivered dose

and variations in the beam range are investigated to estimate the detectability

of these changes during fractional treatment. While �rst pre-clinical studies

demonstrated the general potential of implant activation for range veri�cation,

the current limitations and necessary developments in PET imaging will be pre-

sented in this talk.
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ST 2: Poster Session
Time: Monday 16:15–17:30 Location: P

ST 2.1 Mon 16:15 P
Characterization of a multi-arm Compton-camera setup — ∙Henning
Geesmann

1
, Giullio Lovatti

1
, Tim Fitzpatrick

1,2
, Jennifer Zhou

1
, Mo-

hammad Safari
1
, Florian Schneider

2
, Vassia Anagnostatou

1
, Katia

Parodi
1
, and Peter G. Thirolf

1
—

1
Ludwig-Maximilians-Universität, Mu-

nich, Germany —
2
KETEK GmbH, Munich, Germany

PET, γ-PET and prompt-γ imaging are all γ-ray based imaging techniques that
can be used for beam range veri�cation in particle therapy. �ey can all be re-

alised by a multi-arm Compton camera (CC) setup.

We characterized a system where a single CC arm of the setup comprises a

16×16 pixelated GAGG crystal array as scatterer (26×26×6 mm3
, read out by

one 25μmmicrocell SiPM array) and a monolithic absorber (LaBr3:Ce or CeBr3
crystal, 51×51×30 mm3

), read out by four 50μm microcell SiPM arrays). �e
characterization of the setup in terms of spatial resolution and e�ciency is based

on the use of di�erent γ-ray point sources (511, 662 and 1274 keV) and several
spatial arrangements of up to four CC arms. Further, the angular dependence of

the Compton scattering kinematics can be exploited to identify spatial arrange-

ments (scatterer/absorber) in a single CC arm that allow to select a certain regime

of energies being deposited in the scatterer and, thus, allow for enhancing the

performance of the setup. A summary of the latest status of the ongoing studies

will be given.

�is work was supported by the Bayerische Forschungssti�ung, by the ERC

grant No. 725538 (SIRMIO) and by Sklodowska-Curie Individual Fellowship

project HIPPOCRATE.

ST 2.2 Mon 16:15 P
Stabilization of magnetic �elds in a low-�eldmagnetic resonance tomograph
for student learning — ∙Velda Azalia Abraham, Thomas Heinzel, and
Mihai Cerchez — Condensed Matter Physics Laboratory (IPKM), Heinrich-

Heine University Dusseldorf

EFNMR (Earth’s Field Nuclear Magnetic Resonance) is a low-�eld NMR (Nu-

clearMagnetic Resonance) technique. Employing the Earth’s magnetic �eld, this

is an excellent tool for Medical Physics students learning as it is easy to operate

and low-cost. However, EFNMR also has some downsides related to signal-to-

noise ratio and magnetic �eld stability. Either natural �uctuations in the Earth’s

magnetic �eld or room-related changes may in�uence the long-time 3D imaging

through changes in the Larmor frequency.�erefore a stabilization system, that

would keep the magnetic �eld stable at all times is needed. We present here a

two-directional Helmholtz correction coil system that compensates for changes

of the homogeneous magnetic �eld in the room, leading to increased imaging

quality.

ST 2.3 Mon 16:15 P
Image registration of CT andMRI scans using deep learning— ∙Alexander
Ratke, Hannah Timm, Johannes Wintz, Göksu Ünlü, and Bernhard

Spaan— TU Dortmund University, Dortmund, Germany

In radiation therapy, precise localisation of tumour and risk structures is impor-

tant for therapy planning. Medical imaging methods, such as computed tomog-

raphy (CT) and magnetic resonance imaging (MRI), o�er di�erent advantages

due to the respective physical process, which can be combined by image fusion.

In this project, CT scans and T1- and T2-weightedMRI scans of di�erent body
regions are used. For their registration, two processing steps are performed.

�e preparatory part includes equalising the formats of the images, which is re-

quired for a neural-network-based registration. Deep learning is then used to

�lter structures of an image and to match them to a second image. �e results

of the registration of three-dimensional CT and MRI scans of the skull and the

thorax will be presented as well as studies of quality and uncertainty, performed

with a Shepp-Logan phantom.

ST 2.4 Mon 16:15 P
Design and validation of aDigital Twin for tumor stage prediction of prostate
cancer patients — ∙Anna-Katharina Nitschke, Carlos Andres Brandl,
and Matthias Weidemüller — Physikalisches Institut, Ruprecht-Karls Uni-

versität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Germany

Digital Twins (DT) are virtual representations of physical assets. In healthcare,

DT can help to personalize diagnosis and treatment for complex diseases like

prostate cancer.

To be able to generate a DT which is supporting the complete clinical journey

of a cancer patient, a conceptual development for combining several individ-

ual algorithms is needed. �is approach also ensures best possible practices for

patient data protection during collaborative work. As interpretability and uncer-

tainty quanti�cation are crucial inmedical applications, on hast to �nd a solution

that meets these requirements as well as clinical guidelines. �rough using en-

semble methods, we develop a concept of a DT, which is combining machine

learning algorithms and expert systems with the medical doctor’s opinion to im-

prove decision-making. We exemplify the approach with tumor stage prediction

(TNM) before treatment planning.

�is work is part of the project CLINIC 5.1 and is supported by the BMWi.

ST 3: Artificial Intelligence in Medicine
Time: Tuesday 11:00–12:15 Location: ST-H4

ST 3.1 Tue 11:00 ST-H4
Optimierung und Evaluierung der Registrierung von CT- und MRT-Bildern
mithilfe maschinellem Lernens — ∙Elena Darsht, Alexander Ratke und
Bernhard Spaan— Experimentelle Physik 5, TU Dortmund

In der Strahlentherapie ist der Erfolg einer Bestrahlung abhängig von der Ge-

nauigkeit der Tumorlokalisierung. Diese erfolgt üblicherweise anhand der zur

Bestrahlungsplanung verwendeten CT-Bildern. Im Vergleich dazu bieten MRT-

Bilder eine bessere Darstellung von gesunden und kranken Weichteilstrukturen

für eine präzisere Konturierung an. Durch die Bildregistrierung und -fusion von

CT- und MRT-Bildern kann die Bestrahlungsplanung anhand von CT-Bildern

erfolgen und zusätzlich können die Informationen der MRT-Bilder genutzt wer-

den.

Eine Möglichkeit die Registrierung umzusetzen, ist die Verwendung eines

neuronalen Faltungsnetzes, wodurch eine Rechenzeit von nur einigen Minuten

pro Registrierung erreicht werden kann. Es wird der Aufbau und die Evaluierung

des verwendeten neuronalen Netzes präsentiert. Dabei werden insbesondere die

zur Optimierung für dreidimensionale Schädelaufnahmen genutzten Parameter

vorgestellt. Zur Evaluierung der Registrierungwird derDice-Koe�zient verwen-
det, bei dem die Überlappung von segmentierten Bildern ermittelt wird.

ST 3.2 Tue 11:15 ST-H4
Towards a Digital Twin for clinical decision support of a prostate can-
cer patient — ∙Carlos Andres Brandl, Anna-Katharina Nitschke, and
MatthiasWeidemüller—Physikalisches Institut, Ruprecht-Karls Universität

Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Germany

We present concepts to realise a Digital Twin for decision support in medicine

using the example of prostate cancer. �e aim for a medical Digital Twin is to

support clinical decision making by providing an intuitively interpretable way

for the doctors’ decisions. Inspired by concepts from engineering, we devise a

combination of data-drivenmodels with evidence-based knowledge which com-

prise a wide range of parameters and data types available. As a higher integrated

approach, we discuss the implementation of latent representations of the patient.

Compatibility with the clinical guidelines and physicians’ decision-making pro-

cesses must be ensured by �nding appropriate and interpretable representations.

�is work is part of the project CLINIC 5.1 and is supported by the BMWi.

ST 3.3 Tue 11:30 ST-H4
Using generative adversarial networks to predict proton beam dose distribu-
tions inmice— ∙Lara Bussmann, Kevin Kröninger, Armin Lühr, Florian
Mentzel, Janine Salewski, and JensWeingarten— TU Dortmund

�e clinically used generic relative biological e�ectiveness (RBE) of 1.1 for pro-

tons compared to photons does not consider variations along the beams axis.

For a better estimation of the varying RBE and to assess potential adverse ef-

fects, mouse brains are irradiated and excised to visualize DNA double-strand

breaks.

In order to deduct conclusions about the RBE, the observed irradiation dam-

age in the tissue is compared to the expected damage fromMonte Carlo simula-

tions of the dose distribution.

Using Monte Carlo simulations for dose distribution predictions can be very

time-consuming. Machine learning models can be trained to predict dose dis-

tributions based on the phantom geometry.

In this talk, a deep learning dose prediction model for proton mouse irradi-

ations based on generative adversial networks (GANs) is presented. GANs can

be trained to generate data samples following a learnt distribution, which are

indistinguishable from a ground truth distribution. In this study, MC simula-

tion samples are used to train the GAN, using geometrical information about

the target phantom as conditional input.
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ST 3.4 Tue 11:45 ST-H4
A step towards treatment planning for microbeam radiation therapy:
fast dose predictions with generative adversarial networks — ∙Florian
Mentzel
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, JensWeingarten

1
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3
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2
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1
TUDortmund University, Department of Physics —

2
Centre for
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3
School of

Computing and Information Technology, University of Wollongong, Australia

Microbeam radiation therapy is a novel and currently pre-clinical radiotherapy

treatment based on planar arrays of high intensity sub-millimetre synchrotron

gamma rays. Due to good healthy tissue sparing it is a promising candidate e.

g. for the treatment of glioblastoma. �e dose computations required to plan

treatments are currently performed using time-consuming Monte Carlo (MC)

simulations with Geant4.�e dose computations are complex as steep dose gra-

dients near the beams require very high spatial resolution while the need to take

into account the e�ect of stray radiation over large distances makes small voxel

sizes infeasible.

A two-fold approach to these problems is explored: �rst, a novel data taking

method for MC simulations is presented. �e method considers both high res-

olution and long-range e�ects of stray radiation. Second, a deep learning model

based on 3D-UNet GANs is created to mimic dose simulations of Geant4, allow-

ing for very short prediction times.

ST 3.5 Tue 12:00 ST-H4
A neural network for the event identi�cation of a Compton camera —
∙Mareike Profe

1
, Jonas Kasper

1
, Awal Awal

2
, Aleksandra Wrońska

3
,

and Achim Stahl
1
—

1
RWTH Aachen University - Physics Institute III B,

Aachen, Germany—
2
Forschungszentrum Jülich - Institute for Nuclear Physics,

IKP-4, Jülich, Germany —
3
Jagiellonian University - M. Smoluchowski Institute

of Physics, Cracow, Poland

In proton therapy, a main approach to diminish the problem of range uncer-

tainties is to verify the range of the proton beam on-line. By imaging prompt

gamma photons originating from interactions of the proton beam within the

body this challenge can be mastered. For the on-line range veri�cation, the SiFi-

CC project aims to develop a Compton camera based on scintillating �bers read

out with silicon photomultipliers.�e Compton events need to be discriminated

from other event types: random coincidences and physical background. Subse-

quently, their features crucial for imaging need to be determined, i.e. the posi-

tion of the Compton e�ect, the energy transferred to the electron, the position

of the �rst interaction of the Compton-scattered gamma and its energy. Neural

networks are an promising alternative to a classical selection algorithm to tackle

this task. Here, a convolutional neural network is trained to predict the type

and parameters of the events. �e design of the neural network as well as the

evaluation of the performance are presented.

ST 4: Radiation monitoring and dosimetry I
Time: Tuesday 14:00–15:40 Location: ST-H4

Invited Talk ST 4.1 Tue 14:00 ST-H4
Present status and future challenges ofmagnetic resonance-guided radiother-
apy— ∙ChristianP.Karger—GermanCancer ResearchCenter (DKFZ),Hei-
delberg, Germany

As a special realization of image-guided radiotherapy (IgRT), magnetic reso-

nance (MR)-guided radiotherapy (MRgRT) has been implemented clinically by

integrating linear accelerators (Linacs) intoMR imaging devices.�ese so-called

MR-Linacs allow for fast imaging with superior so�-tissue contrast without ex-

tra dose prior or even during radiation treatment. �e acquired images may be

used to adapt the treatment plan to the actual anatomical situation and to com-

pensate for motion by beam gating or tracking. Besides technical challenges of

integrating and shielding of the two devices, dose distributions and the detector

responses are changed by the magnetic �eld requiring modi�ed dose calculation

techniques and dosimetry protocols. Clinically, the development and validation

of new work�ows is challenging as adaptive treatment planning while the pa-

tient is lying on the table (online adaptive radiotherapy) requires fast and robust

planning techniques as well as newmethods for validating the adapted treatment

plan. In addition special end-to-end tests have to be developed to quantify the

overall dosimetric and geometric accuracy. �e presentation gives an overview

on the present status and future developments in MR-guided radiotherapy.

ST 4.2 Tue 14:40 ST-H4
�e performance of scintillating �bre based beam pro�le monitor for ion
therapy in magnetic �eld— ∙Qian Yang, Liqing Qin, and Blake Levering-
ton— Physikalisches Institut Universitaet Heidelberg

In the Heidelberg Ion-beam�erapy Center (HIT), proton, helium, carbon and

oxygen ions are used for cancer therapy. �e existing scanning technique, it

is called Raster scanning. �e beam is not switched o� between spots but ad-

justed by the 2 dimensions fast de�ection magnet. A tracking system is used to

monitor the beam and feedback to adjust the scanning magnet currents online.

�e commercial MWPC (multiwire proportional chamber) currently used has

several drawbacks. An MR magnetic is currently installed at the HIT facility

for studying treatment with prompt MR imaging.�e BMBF funded ARTEMIS

project is focused on the establishment of a unique MR-guided ion-beam ther-

apy prototype for clinical application. A scintillating �bre based detector is now

studied as a possible monitor replacement for this system. �e detector perfor-

mance in the environment of MR magnetic �elds is also be studied, to comple-

ment the ARTEMIS project at HIT. Recently, the performance of the detector

was tested under the condition inside the Helmoltz coil by changing the mag-

netic �eld (from 0.1 mT ~ 99.9 mT) and it will also be tested inside the prompt

MR imaging in the following days.

ST 4.3 Tue 14:55 ST-H4
First study on energy resolution in proton radiography— ∙MariusHötting,

Kevin Kröninger, Isabelle Schilling, Jacqueline Schlingmann, Hen-

drik Speiser, and JensWeingarten—TU Dortmund, department of physics

Proton radiography o�ers the possibility of real-time patient positioning before

or during the treatment. Typically, pixelated silicon sensors are used in the im-

plementation, whichmakes it possible to contour various structures of phantoms

or patients from the pure evaluation of the proton hit position.

With the additional information of the deposited charge of each particle per

pixel, the initial proton energy, the residual range and �nally the water equivalent

thickness (WET) can be calculated. �is allows conclusions about the material

traversed without an additional external energy detector and gives the opportu-

nity for cross-check with the treatment plan.

�e challenge is to determine the proton energy with the limited resolution

in deposited charge and a low number of detected protons per pixel. �e mea-

surement of the WET of a phantom is therefore done in two steps, one without

and one with an additional homogeneous absorber of known width.�e energy

di�erence in both images allows minimization of the systematic uncertainties.

Finally, the conversion to the WET is done with a simulated calibration curve.

In this talk, we describe the currently investigated method for WET calcula-

tion with pixel sensors and �rst simulations with Allpix
2
to determine depth-

dependent uncertainties.

ST 4.4 Tue 15:10 ST-H4
New Optimisation Method for Proton Radiography Images—Marius Höt-

ting, Kevin Kröninger, Florian Mentzel, ∙Hendrik Speiser, and Jens
Weingarten— TU Dortmund, department of physics

For years, proton therapy for cancer treatment has been experiencing an in-

creasing application, as it has known advantages such as the high dose confor-

mity of protons. However, using this precision requires enhanced imaging tech-

niques to ensure the accurate patient alignment.�is results in a reduction of the

safety margin around the target volume and in the protection of the surrounding

healthy tissue.

As part of a master thesis, a new method is being developed to improve the

quality of proton radiography images and thereby achieve greater therapeutic

success as mentioned above. At present, the image quality and the resolution

of structures in the patient are degraded by proton scattering. �e goal of the

project is to combine the projections of the widened proton trajectories onto the

image plane with conventional proton hit maps to increase the resolution of ob-

ject edges in radiography images.

�is talk will include a brief description of the developed method and the

evaluation of the image quality using Monte Carlo simulations. Subsequently,

the application of the new approach will be compared with results of previous

imaging methods.

ST 4.5 Tue 15:25 ST-H4
Monte Carlo feasibility study for neutron radiography in proton therapy —
∙HannahRotgeri, MariusHötting, KevinKröninger, Alina Landmann,

and JensWeingarten— TU Dortmund University, Department of Physics

Due to their depth dose dose distribution, proton beams used in cancer treat-

ment can reduce damage to healthy tissue when compared to irradiation with

photons. Neutrons, and other secondary particles, are produced during proton

therapy, causing dose deposition outside the treatment �eld. Being unavoidable,

the feasibility for using these neutrons for imaging during the treatment is stud-

ied in the context of a master thesis.
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�e study is performed in the Monte Carlo framework Geant4. It is investi-

gated whether di�erent energy ranges of neutrons are suitable for radiography,

due to the di�erent ways they can be detected. �is talk will present the recent

results of this study. �is includes the investigation of di�erent angles of the

detector with respect to the proton beam. Finally it will be shown whether the

di�erent materials found in a human body can be distinguished.

ST 5: Annual General Meeting
Time: Tuesday 16:15–17:30 Location: ST-MV
Annual General Meeting of the Radiation and Medical Physics Division

ST 6: Detectors and Applications I
Time: Wednesday 11:00–12:15 Location: ST-H4

ST 6.1 Wed 11:00 ST-H4
Upgraded Proton Irradiation Site at Bonn University — ∙Pascal Wolf

1
,

Dennis Sauerland
2
, Jochen Dingfelder

1
, David-Leon Pohl

1
, and Nor-

bertWermes
1
—

1
Physikalisches Institut, Universität Bonn —

2
Helmholtz In-

stitut für Strahlen- und Kernphysik, Universität Bonn

�e Bonn Isochronous cyclotron delivers 14 MeV (≈ 12.5 MeV on-device) pro-
tons with typical beam currents of 1 μA and beam diameters of a fewmillimeters
to the irradiation site. Enhanced beam diagnostics as well as R/O electronics al-

low for online monitoring across several orders of magnitude of beam currents

with a relative uncertainty of ≈ 1%. Devices are irradiated by being scanned
through the beam in a row-wise pattern while housed in a thermally-insulated

cooling box kept at ≈ -20 ∘
C to minimize annealing. Online monitoring of the

beam current at extraction facilitates a measurement of the �uence per scanned

row with an accuracy of a few %, ensuring homogeneous irradiation.�e setup

allows one to power and read out DUTs during irradiation as well as pause irra-

diations for in-between measurements. Latest irradiations of thin CMOS pixel

test structures yield a proton hardness factor with reduced uncertainty, compat-

ible with previous measurements and simulation, facilitating irradiations up to

10
16
neq / cm

2
within a few hours.�e setup, its reworked components, the ir-

radiation procedure as well as the latest proton hardness factor measurements

are presented in this talk.

ST 6.2 Wed 11:15 ST-H4
Comparison of di�erent methods measuring the beam energy in proton
therapy using pixelated silicon detectors — ∙Isabelle Schilling1, Claus
Maximilian Bäcker

1,2,3
, Christian Bäumer

1,2,3
, Carina Behrends

1,2,3
,

Marius Hötting
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1
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1
TU Dortmund University, Department of Physics, 44221

Dortmund —
2
West German Proton �erapy Centre Essen, 45122 Essen —

3
West German Cancer Center, University Hospital Essen, 45122 Essen —

4
University Hospital Essen, Clinic for Particle�erapy, 45122 Essen —

5
Faculty

of Medicine, University of Duisburg-Essen, 45147 Essen

�e accurate measurement of beam range for quality assurance (QA) in proton

therapy is important for optimal patient treatment. Conventionally used detec-

tors mostly calculate the energy by detecting the depth dose distribution of the

protons. In contrast to this, the ATLAS pixelated silicon detector measures the

deposited energy in the sensor for single protons, allowing the determination of

the stopping power. �e restriction on the dynamic energy range of the mea-

surement is given by the readout chip. Hence, there are di�erent ways to use the

detector whose applicability is being examined. For range consistency checks

during the QA, an absorber with di�erent thicknesses is used to investigate the

variation of the charge production in the sensor. In comparison, this talk also

presents results of energy calculations by measuring the stopping power in the

silicon sensor directly, all performed at theWest German Proton�erapy Centre

Essen.

ST 6.3 Wed 11:30 ST-H4
Real-time analysis for a scintillating �ber-based beam pro�le monitor for
charged particle beams — ∙Liqing Qin, Qian Yang, and Blake Levering-
ton— Physikalisches Institut, Heidelberg, Germany

A lighter, faster and more precise real-time beam pro�le monitor (BPM) is de-

sired by the Heidelberg Ion-beam�erapy Center (HIT) to upgrade their origi-

nal Multiwire chambers. A Scintillating Fibre based BPM will o�er real-time in-

formation of the beam conditions, including position and width, with a readout

rate of 10 kHz using photodiode arrays with a channel size of 0.8mm. Currently

the data from the BPM is saved o�ine for processing and analysis, but the goal

is to reconstruct the beam pro�le in real-time on board the device. A recon-

struction algorithm has been designed and the goal is to implement this within

the FPGA of the readout electrons.�e calibration of the detector as well as the

beam reconstruction steps will be presented, describing how radiation damage

e�ects to the �bres will be managed.

ST 6.4 Wed 11:45 ST-H4
Evaluation of HV-CMOS Sensors in a Beam Monitoring System for
Ion �erapy — ∙Martin Pittermann

1
, Alexander Dierlamm

1
, Ulrich

Husemann
1
, StefanMaier

1
, Hans Jürgen Simonis

1
, Pia Steck

1
, Matthias

Balzer
2
, Felix Ehrler

2
, Ivan Perić

2
, Rudolf Schimmasek

2
, and Alena

Weber
2
—

1
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Ion therapy is an advanced tool for the treatment of cancer by means of irradi-

ation.�e characteristic Bragg peak of ionizing radiation creates a highly local-

ized energy deposit. Additionally, very narrow beams (pencil beam) and raster

scan techniques are used.�is allows the dose distribution to conform to the tu-

mor while minimizing damage to surrounding tissue. Fast and precise feedback

of the beam parameters is required for closed-loop control of the beam optics.

We investigate the feasibility of using HV-CMOS pixels sensors tomonitor the

position, size and shape of such a medical ion beam in real-time. �e high in-

tensities encountered in a primary particle beam prohibit the use of traditional

single-hit-readout sensors used in high energy particle physics. Instead, a dedi-

cated counting pixel sensor is being developed at the IPE.�e radiation hardness

and high-rate capabilities of this sensor are tested at the therapeutic ion beam

line. Further development steps towards a beam monitoring system replacing

the current wire chambers are also discussed.

ST 6.5 Wed 12:00 ST-H4
Coincident Detection of Cherenkov Photons from Electrons for Medical Ap-
plications— ∙Kaveh Kooshk, Ivor Fleck, and Daniel Berker—Center for
Particle Physics Siegen, Experimentelle Teilchenphysik, Universität Siegen

�e need for medical imaging devices capable of detecting high energy pho-

tons prompts research into new detection methods such as Compton camera

in nuclear medicine. A new detection method for Compton electrons using

Cherenkov radiation is proposed in this work as a proof of principle. Electrons

from betaminus decay of Strontium 90/Yttrium 90 with energies up to 2.28MeV

are used. �ey are directed through a vacuum channel within which an EM

�eld from an electromagnet allows only a speci�c energy to reach a collimator

at the end of the path. A�er the collimator, the energy spread of the electrons is

less than 6% around the nominal energy which can vary between 0.5 and 2.28

MeV.�e electrons subsequently reach a radiatormaterial (PMMA) and produce

Cherenkov photons, which are detected via a 8x8 Silicon-Photomultiplier array

with 64 readout channels. For each electron, the Cherenkov photons are col-

lected within a time-window of 100 ns.�e spatial distribution of the Cherenkov

photons and their total number are recorded and will be investigated as a func-

tion of electron energy, and the results will be compared with theoretical data.
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ST 7: Radiation monitoring and dosimetry II
Time: Wednesday 16:15–17:30 Location: ST-H4

ST 7.1 Wed 16:15 ST-H4
Augenlinsendosimetrie für den klinischen Expositionsalltag - Untersuchun-
gen zur Dosisverteilung sowie Risikobewertung hinsichtlich der Katarakt-
entwicklung— ∙Jennifer Schlüss1, KevinKröninger1, JörgWalbersloh2

und Jens Weingarten
1
—

1
Technische Universität Dortmund, Dortmund,

Deutschland —
2
Materialprüfungsamt NRW, Dortmund, Deutschland

Der Jahresgrenzwert für Augenlinsen bei beru�ich strahlenexportierten Per-

sonen wurde auf Empfehlung der Internationalen Strahlenschutzkommission

(ICRP) im Jahr 2017 auf 20 mSv/Jahr herabgesetzt. Dieser Grenzwert beruht

nicht auf einer empirischen Absicherung hinsichtlich des immanenten schä-

digenden Potentials der Arbeitsumgebung. Entsprechend der Arbeitsschutzbe-

stimmungen für das Klinikpersonal wird verhindert, dass sich die Personen

im direkten Strahlengang aufhalten, stattdessen wirkt hier Streustrahlung. Zur

Detektion der aufgenommenen Strahlendosis ist das Tragen eines Augenlin-

sendosimeter unabkömmlich. Vorgestellt wird eine Versuchsreihe zur Bestim-

mung einer optimalen Trageposition für ein Augenlinsendosimeter (TL-DOS-

Dosimeter) vorgestellt. Zur Modellierung wird ein Wasserphantom, ein anthro-

pomorphes Phantom und ein PhantomX verwendet, mithilfe derer zunächst

Winkelmessungen an TL-DOS-Dosimetern mittels H_p(3)-Dosismessungen

durchgeführt werden. Maßnahmen des persönlichen Strahlenschutzes am Auge

wie das Tragen einer Brille oder eines Visiers werden hinsichtlich ihrerWirkung

analysiert, um daraus eine Trageempfehlung für das Klinikpersonal abzuleiten.

ST 7.2 Wed 16:30 ST-H4
Implementation and characterization of a virtual Cs-137 gamma irradiation
facility— ∙Lena Olbrich1

, Evelin Derugin
1
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2
, and JensWeingarten
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—

1
TUDortmund—

2
Materialprüfungsamt NRW

A Cs-137 gamma irradiation facility is operated at the Materialprüfungsamt
NRW for research purposes in the �eld of thermoluminescence dosimetry and

calibration of dosimeters, mainly for o�cial personal dose monitoring. �e fa-

cility is su�ciently characterized for routine dose monitoring. For the devel-

opment of new dosimeters, a complete simulation of the irradiation facility is

useful to perform virtual prototype tests before anything is built. To understand

all the processes involved and their in�uence on the radiation �eld at di�erent

points, e.g. in the reference point for calibration, all relevant aspects of the entire

irradiation facility are implemented and investigated successively using Geant4

simulations.

In this talk, the results of the implementation and characterization of a virtual

Cs-137 irradiation facility will be presented.

ST 7.3 Wed 16:45 ST-H4
Automatisierte Vermessung des Feldes der Cs-Bestrahlungsanlage am MPA
NRW — ∙Polina Stecher1, Evelin Derugin1

, Kevin Kröninger
1
, Jens

Weingarten
1
und Jörg Walbersloh
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TU Dortmund, Lehrstuhl für Ex-
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2
Materialprüfungsamt NRW

DieCäsium-137 Bestrahlungsanlage amMaterialprüfungsamtNRWwird für die

Kalibrierung der thermolumineszenz Personendosimeter und für Forschungs-

bestrahlungen genutzt. Mit einer bekannten Dosisrate, die vorher mit Hilfe ei-

ner Ionisationskammer an einem de�nierten Referenzpunkt bestimmt wurde,

werden die Dosimeter an der gleichen Position bestrahlt und anschließend aus-

gelesen. Für die Kalibrierbestrahlung ist die Kenntnis der räumlichen Dosisver-

teilung der Bestrahlungsanlage sehr wichtig. Zum einen lässt sich überprüfen,

wie groß und homogen das Bestrahlungsfeld tatsächlich ist und zum anderen

feststellen, welche potenzielle Streuquellen im Bestrahlungsraum die Homoge-

nität des Feldes beeinträchtigen. Informationen der räumlichen Dosisverteilung

der Cs-Anlage lassen sich aktuell nur aus Simulationen gewinnen. Eine manuel-

le räumliche Dosismessung konnte erste valide Messergebnisse liefern. Wir prä-

sentieren den Fortschritt einer automatisierten Feldvermessung. Mit Hilfe von

Schrittmotoren wird eine Ionisationskammer an verschiedene Positionen inner-

halb einer Ebene des Bestrahlungsfeldes platziert. Mit dem Messaufbau soll das

gesamte Bestrahlungsfeld der Cäsium-Anlage abgetastet und die zugehörige Do-

sisverteilung aufgenommen werden.

ST 7.4 Wed 17:00 ST-H4
�ermoluminescence glow curve generation using generative adversar-
ial networks (GANs) — ∙Evelin Derugin1

, Florian Mentzel
1
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Kröninger
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, JensWeingarten
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2
—
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Department of

Physics, TU Dortmund University —
2
Materialprüfungsamt NRW

Personal dose monitoring is essential for a successful radiation protection pro-

gram for occupationally exposed persons.�e Materialprüfungsamt NRW pro-

duces thermoluminescence detectors based on LiF:Mg,Ti. First studies on ar-

ti�cial neural network (ANN) analysis techniques have been successfully per-

formed based on both measured data and arti�cial glow curves from empirical

simulations using parameter interpolation. ANNs require large data sets to be

trained before they can be used to predict parameters of new measurements.

�erefore the Department of Physics at TU Dortmund is developing multivari-

ate methods for the simulation of thermoluminescence glow curves using GANs

in cooperation with theMPANRW.�ese glow curves can be used to predict ad-

ditional information about the irradiation scenario such as the irradiation date

or the number of irradiation fractions. In this study, GANs are trained to simu-

late a glow curve model using a measured data set of 4200 glow curves. Due to

a large number of di�erent irradiation times in the data set, the stochastic prop-

erties can be used to improve the simulation process. In this talk, we present the

comparison of the simulated glow curves with the measured ones and provide

information about the performance and the optimization of the neural network.

ST 7.5 Wed 17:15 ST-H4
NeutronDetection using B4C-coated SiliconDetectors—KevinAlexander
Kröninger, ∙Alina Johanna Landmann, and JensWeingarten—TUDort-

mund, Fakultät Physik, Otto Hahn Str. 4, 44227 Dortmund

He(3) is a frequently used element in neutron detection. However, the world

is su�ering from an extreme He(3)-shortage increasing the need for alterna-

tive detection methods. Semiconductors, commonly known from high energy

physics, coated with B(10) as neutron converters, represent a promising alterna-

tive.�e coating process of the �rst prototype on-site of the TU Dortmund was

performed. Geant4 simulations are used to investigate how speci�c parameter

changes within the coating process can increase the detection e�ciency. Results

indicate that the detection e�ciency is suitable for high neutron �ux particle

�elds which can be found, for example, within the thermal column of a research

reactor. Yet, the detection of lower neutron �uxes with coated semiconductors

remains di�cult. Promising candidates for that purpose are scintillation detec-

tors enriched with neutron converters.

In this talk, we will present the results obtained from the Geant4 simulations

regarding the increase in detection e�ciency of coated silicon detectors; and dis-

cuss alternative neutron detector candidates, suitable for lower neutron �ux.

ST 8: Radiation therapy II
Time:�ursday 11:00–12:00 Location: ST-H4

ST 8.1 �u 11:00 ST-H4
Development of an end-to-end veri�cation method for Gamma Knife treat-
ments — Irenäus Adamietz2,3, Jan Boström2,3
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3
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3
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Hospital Herne, University Hospital at Ruhr-Universität Bochum, Clinic for Ra-

diotherapy and Radiation Oncology, Herne, Germany

Gamma Knife is a stereotactic radiosurgery (SRS) instrument using Cobalt-60

radiation sources to treat malign and benign brain tumours and other skull base

disorders. With the introduction of inverse radiation planning, which has re-

cently been adopted in Gamma Knife treatment, dose veri�cation is recom-

mended for Gamma Knife radiosurgery. Such plan veri�cation is already stan-

dard practice for other teletherapies. For plan veri�cation in Gamma Knife ther-

apy, a new SRS phantom based on �lm dosimetry and an end-to-end veri�cation

protocol has been developed and implemented. �e gamma analysis is used to

evaluate the conformance between the measured dose distribution and the dose

distribution calculated by the radiation planning system.�e focus of this lecture

is on the adaptations of the standardized plan veri�cation method to stereotaxy

and the associated challenges such as the small target volumes and the high ap-

plied dose, which demand high accuracy.

ST 8.2 �u 11:15 ST-H4
Simulations of silicone-tungsten shieldings for ruthenium eye applicators
— ∙Justine Gemmecke1, Henning Manke

1
, Michelle Stroth

1
, Saskia

Müller
1
, Dirk Flühs

2
, and Bernhard Spaan
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1
Experimental Physics 5,

TU Dortmund —
2
Department of Radiotherapy, University hospital Essen

Brachytherapy with Ruthenium-106 eye plaques is a standard treatment modal-

ity for ocular tumours. A silver calotte with an integrated Ruthenium-106 layer

is attached to the patient’s eye for a calculated duration, applying the prescribed
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dose in order to destroy the tumour tissue. Surrounding healthy tissue and high-

risk organs should be spared as much as possible.

To optimize the protection of healthy tissue, precision �t shieldings made of a

silicone-tungsten mixture, �xed to the eye plaque surface, are currently being

developed. �eir dosimetric properties are investigated by means of both sim-

ulations in Geant4 and measurements in a water phantom. Simulations based

on real patient data also allow retrospective estimation of the dose distribution

to the tissue, measuring dose-volume histograms of the irradiated area and an

evaluation of the e�ect of the shielding under clinical conditions.

When developing patient individual shieldings, twomain aspects have to be con-

sidered. First, the highest possible tungsten fraction in the shieldings has to be

determined in order to achieve themaximal protection of the healthy tissue. Sec-

ond, an easy manufacturing process has to be developed to apply this technique

to the clinical routine.

ST 8.3 �u 11:30 ST-H4
A combination of Brachy- and X-ray-therapy as a novel concept for intraocu-
lar tumors— ∙HenningManke
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Department of Radiotherapy, Essen University

Hospital

Eye plaque brachytherapy with the beta emitter Ruthenium-106 is applied to a

large fraction of ocular tumors. Due to the emitted particles’ steep dose gradient,

there is a limitation to the clinically treatable tumor height. Depending on the

indications, eyes a�ected by a tumor larger than the maximum height have to

be enucleated in many cases, especially if located close to the posterior pole. As

this massively impairs the patients’ quality of life, a novel concept to treat such

tumors is currently investigated.

External photon irradiation through insensitive parts of the eye can be used

to enhance the applied dose at the tumor apex. A confocal irradiation concept

results in a low exposure of healthy tissue while the tumor control dose can be

reached in all parts of the target volume. �e X-ray therapy can be performed

while the Ruthenium-plaque is positioned on the eye.�erefore the plaque itself,

which is mainly made of silver, can be used as a beam stopper. �is leads to an

additional signi�cant reduction of dose in the healthy tissue behind the tumor.

�is contribution presents the general concept of the combined therapy, our

methods to examine the physical and radiobiological properties and �rst results.

ST 8.4 �u 11:45 ST-H4
Monte Carlo simulations of a combination of brachytherapy and external
X-ray irradiation for the treatment of intraocular tumors — ∙Michelle

Stroth
1
, Henning Manke

1
, Justine Gemmecke

1
, Saskia Müller

1
, Dirk

Flühs
2
, and Bernhard Spaan

1
—

1
Experimental Physics 5, TU Dortmund —

2
Department of Radiotherapy, University hospital Essen

Brachytherapy with ruthenium-106 eye plaques is a standard modality for the

treatment of intraocular tumors. In order to ensure a su�cient tumor apex dose

even in larger tumors without exceeding dose limits at neighboring organs at

risk, the concept of combining eye plaque brachytherapy with an external beam

from a precisely positioned X-ray tube is currently being investigated.

For this purpose, a generic eye model is created using the CAD so�ware Fusion

360 and adapted to the data of real patient cases.�e area of the exit window of

the X-ray tube is created for various positions depending on the tumor apex, so

that di�erent directions of photon irradiation are simulated. A decomposition of

the model into many sub-volumes and their implementation in a Monte Carlo

simulation in Geant4 allows the analysis of local dose pro�les and dose-volume-

histograms in organs at risk and the tumor.

�is presentation shows the setup of the simulation and �rst results of combining

brachytherapy with external X-ray irradiation.

ST 9: Detectors and Applications II
Time:�ursday 14:00–15:30 Location: ST-H4

ST 9.1 �u 14:00 ST-H4
Polyethylene naphthalate as alpha and heavy nucleus detection material —
∙Kim Tabea Giebenhain, Hans-Georg Zaunick, Roman Bergert, and Kai-
Thomas Brinkmann— Justus-Liebig Universität, Gießen, Germany

Polyethylene naphthalate (PEN) is a material with intrinsic scintillation capabil-

ities. Using a thin �lm of PEN read out by SiPM photo sensors has shown to

be an excellent detector for alpha particles with potential applications for alpha

spectroscopy. Measurements with alpha sources were conducted to determine

the achievable energy resolution. Furthermore, optimization of the detector by

means of optical surface coating was studied and results will be discussed.

ST 9.2 �u 14:15 ST-H4
Technical aspects of simulation-based scatter correction in total-body
Positron Emission Tomography (PET) imaging using the uEXPLORER PET
scanner — ∙Reimund Bayerlein, Edwin K. Leung, Zhaoheng Xie, Eric

Berg, Benjamin A. Spencer, Negar Omidvari, Qian Wang, Lorenzo

Nardo, Simon R. Cherry, and Ramsey D. Badawi — University of Califor-

nia Davis
Positron Emission Tomography (PET) is a powerful tool for molecular imaging

and has brought enhancements to biological research with widespread oncolog-

ical and clinical adoption.�e limited sensitivity of conventional PET scanners

with a short axial �eld of view (AFOV) has been overcome by the uEXPLORER

total-body PET scanner with a total AFOV of 194 cm. With a 15-68-fold increase

in sensitivity and a spatial resolution of 3.0mm the uEXPLORER can provide im-

proved image quality, or reduced scan duration, or reduced radioactivity in the

subject, or late time point imaging, or some combination of these. �is state-

of-the-art PET scanner constitutes a paradigm shi� in nuclear medicine with

the ability to address open questions in medicine and biology. However, the

large number of detectors and the widened acceptance angle dramatically in-

crease the data sizes, setting higher demands on the image reconstruction algo-

rithms. Speci�cally, quantitative techniques for the correction of scattered events

become more complex and computationally expensive. Due to the high number

of lines of response (92 x 10
9
) scatter correction by direct computation using the

Klein-Nishina formula is challenging in total-body PET and Monte-Carlo (MC)

methods are preferred. In the spirit of a technical note, this contribution will

describe the procedure of scatter correction in total-body PET using MC simu-

lations embedded in a framework using a list-mode ordered subset expectation

maximization image reconstruction. �e method was developed and validated

using phantom studies conducted at the EXPLORER Molecular Imaging Cen-

ter at UC Davis. In the presentation, mathematical, physical, and computational

aspects will be highlighted.

ST 9.3 �u 14:30 ST-H4
Two Photon Absorption - TCT: Characterisation of LGAD and other silicon
sensors with a newly developed table-top TPA-TCT system — ∙Sebastian
Pape

1,5
, Esteban Currás

1
, Marcos Fernández

1,2
, Michael Moll

1
, Raúl

Montero
3
, F. Rogelio Palomo

4
, Christian Quintana

2
, Ivan Vila

2
,

and Moritz Wiehe
1,6
—

1
CERN —

2
Instituto de Física de Cantabria —

3
Universidad del Pais Vasco (UPV-EHU) —

4
Universidad de Sevilla —

5
TU

Dortmund University —
6
Universität Freiburg

�e Two Photon Absorption – Transient Current Technique (TPA-TCT) uses fs-

pulsed infrared lasers, with photon energies below the silicon band gap to only

generate excess charge carriers in a small volume (approximately 1μm × 1μm
× 20μm) around the focal point of the laser beam. �erefore, a resolution in
all three spatial directions is achieved to characterise silicon devices. Following

the initial success of the method, a compact TPA-TCT setup was developed at

CERN and �rst measurements were performed. �e setup, measurements on

non-irradiated and irradiated PIN diodes, and measurements on LGAD sensors

with focus on the gain suppression mechanism will be presented.

ST 9.4 �u 14:45 ST-H4
Studies towards a Time-of-Flight system equipped with LGADs— ∙Valerie
Hohm

1
, Kevin Kröninger

1
, Sebastian Pape

1,2
, and Jens Weingarten

1
—

1
TU Dortmund, Department of Physics —

2
CERN

Treatment planning is a crucial part in particle therapy of cancer in order to pre-

vent healthy tissue from being irradiated falsely. One approach to improve the

precision in proton therapy is the usage of proton computed tomography (pCT)

for imaging. In such a system the paths of the protons as well as their energy loss

in a phantom are measured to create an image of the phantom.

To measure the energy loss of protons, a Time-of-Flight (ToF) system can be

used. �e time an ionising particle needs to traverse two detectors in a given

distance depends on its energy. For a precise energy measurement, the time res-

olution of the used detectors needs to be as small as possible.

In high-energy physics so called Low Gain Avalanche Detectors (LGADs)

were developed for the ATLAS and CMS experiment upgrades. �ese n-in-p
silicon sensors with an additional gain layer are designed for a typical charge

ampli�cation in the range of 10 to 30 for unirradiated LGADs which results in a

time resolution up to 30 ps.

�is talk focuses on the usage of LGADs in a ToF system. �e feasibility of

the system for the energy measurement in a proton tomography system will be

presented as well as �rst measurements with a prototype.
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ST 9.5 �u 15:00 ST-H4
Single Photon Avalanche Diodes with an on-chip integrated preampli�er to
improve single photon time resolution— ∙Jonathan Preitnacher1, Wolf-

gang Schmailzl
1
, Sergei Ageev

2
, and Walter Hansch

1
—

1
Bundeswehr

University Munich, Neubiberg, Germany —
2
�e Moscow Engineering Physics

Institute- Kashira Hwy, 31, Moscow, Russland, 115409

Silicon photomultiplier (SiPM) are solid-state detectors used for applications re-

quiring high timing resolution and single photon sensitivity and play an impor-

tant role in various measurement methods in high energy physics or in �elds of

medical imaging. To further improve the measurements in such applications, an

enhanced single photon time resolution (SPTR) on the SiPM is required. For

this we designed and implemented a small array of 4x4 single photon avalanche

diodes (SPAD) in CMOS 350 nm technology and combined it with an on-chip

integrated ampli�er.�e ampli�er is amodi�edRegulatedCommonGate (RCG)

circuit and consists of an n-MOS based current follower with additional ampli-

�cation stages that provides a stable signal and a fast slew rate, which are neces-

sary conditions for a good SPTR.�e standard characterization of the SiPM us-

ing parameters such as IV-curves, breakdown voltage, dark count rate, crosstalk,

gain and a�erpulsing shows acceptable results. Furthermore, �rst measurements

of SPTR with a femtosecond laser and an oscilloscope with 10 GHz bandwidth

show that it is possible to measure SPTR down to 42 ps FWHM.�e results and

di�erent contributions to the SPTR are also discussed.

ST 9.6 �u 15:15 ST-H4
Space applications - Measuring the e�ect of total ionization dose on �eld-
e�ect transistors— ∙Erik Jozsef1, Andreas Reeh2

, Hans-Georg Zaunick
2
,

Kai-ThomasBrinkmann
2
, andUwe Probst

1
—

1
TechnischeHochschuleMit-

telhessen, Gießen, Germany —
2
Justus-Liebig University, Gießen, Germany

Compared to terrestrial applications the utilization of electronics in space envi-

ronment meets several additional requirements to ensure functional reliability.

One of the key requirements is the radiation hardness of the electronic compo-

nents. Field-e�ect transistors are vital for modern electronics and are commonly

used in power electronics. �is presentation shows a method how radiation

hardness of switching transistors can be investigated qualitatively. Parameters

relevant to operation, such as threshold voltage, parasitic capacitances and leak-

age currents are to be measured. Measuring methods, process and equipment

are presented. EU regional development funding via the EFRE scheme of the

State of Hesse is gratefully acknowledged.

ST 10: Total-Body PET
Time:�ursday 16:15–16:55 Location: ST-H4

Invited Talk ST 10.1 �u 16:15 ST-H4
Arti�cial intelligence in PET image reconstruction and quantitative analysis
— ∙Zhaoheng Xie—University of California Davis
Positron emission tomography (PET) in vivo visualizes the molecular pathway

and is the most sensitive molecular imaging modality routinely applied in clinic.

Recent developments in PET technology dramatically increased the e�ective

sensitivity by increasing the geometric coverage or improved time of �ight (TOF)

resolution. In this talk, I will discuss a few examples of deep learning-based solu-

tions to address the speci�c challenges in ultra-low-dose or ultra-fast scanning,

which enables more convenient and safer clinical practice, medical research and

drug screening.�e talk will start with an overview of the applications of AI in

PET imaging.�en I will provide some frontline applications, which will cover

the latest works we published including learning-based PET image reconstruc-

tion, scatter correction, motion correction, and kinetic modeling. A special em-

phasis is on deep-learning-based methods. We will discuss their potential bene-

�ts and limitations.�e talk will conclude with a few challenging opportunities

in various research and clinical applications.

ST 11: Prize Ceremony and Closing Session
Time:�ursday 16:55–17:10 Location: ST-H4
In this last session we would like to take the opportunity to thank all participants for their attendance and contributions. We will announce
the winner of this years award for the *Best contribution in the radiation and medical physics devision at the DPG Spring Meeting 2022*. We
welcome everyone to celebrate a successful conference with us, to provide some �nal feedback and to take the chance to meet other participants
one last time at this conference.
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Fachverband Teilchenphysik (T)

Kerstin Borras
Deutsches Elektronen-Synchrotron DESY and RWTH Aachen

Notkestraße 85
22607 Hamburg

kerstin.borras@desy.de

Overview of Invited Talks and Sessions
(Lecture halls T-H15 to T-H39)

Invited Talks
T 1.1 Mon 9:30–10:00 T-H15 From scattering amplitudes to precision predictions for the LHC— ∙Claude Duhr
T 1.2 Mon 10:00–10:30 T-H15 Tackling new physics at the fringe of precision: Standard Model physics at the LHC—∙Simone Amoroso
T 1.3 Mon 10:30–11:00 T-H15 Hunt for New Physics at the LHC— ∙SwagataMukherjee
T 27.1 Tue 11:00–11:30 T-H15 First Results From the Next Generation B-Factory Experiment Belle II — ∙Thomas

Kuhr
T 27.2 Tue 11:30–12:00 T-H15 Flavour Anomalies— ∙Christoph Langenbruch
T 27.3 Tue 12:00–12:30 T-H15 �e top quark is still going strong (and electroweak)— ∙Andrea Knue
T 80.1 �u 11:00–11:30 T-H15 Borexino looks in the direction of solar neutrinos— ∙Livia Ludhova
T 80.2 �u 11:30–12:00 T-H15 Gravitational waves - a new probe of the early Universe— ∙Valerie Domcke
T 80.3 �u 12:00–12:30 T-H15 Gravitational wave detectors - current and future challenges— ∙MichèleHeurs
T 109.1 Fri 11:00–11:30 T-H15 Ten years of Higgs boson measurements: what we know and what we don’t know —∙Christian Grefe
T 109.2 Fri 11:30–12:00 T-H15 Future of Silicon Tracking Detectors: LHC Upgrades and Beyond — ∙Georg Stein-

brück
T 109.3 Fri 12:00–12:30 T-H15 �e dawn of high energy neutrino astronomy— ∙Elisa Resconi

Invited Topical Talks

T 28.1 Tue 14:00–14:25 T-H15 Hadronic Jets: Accuracy and Precision of their Reconstruction and Calibration in AT-
LAS— ∙Christopher Young

T 28.2 Tue 14:25–14:50 T-H15 Direct searches testing BSM explanations of the �avor anomalies — ∙Arne Christoph
Reimers

T 28.3 Tue 14:50–15:15 T-H15 ATLAS probes QCDmeasuring photons— ∙Heberth Torres
T 28.4 Tue 15:15–15:40 T-H15 �e upgrade of the ATLAS trigger to augment the physics reach of Run-3 — ∙Daniele

Zanzi
T 29.1 Tue 14:00–14:25 T-H16 Testing the Standard Model through Gauge-boson Self-interactions— ∙Philip Sommer
T 29.2 Tue 14:25–14:50 T-H16 Axions and similar particles - how to cover 1017 orders ofmagnitude inmass— ∙Kristof

Schmieden
T 29.3 Tue 14:50–15:15 T-H16 From GERDA to LEGEND - Hunting no neutrinos— ∙ChristophWiesinger
T 29.4 Tue 15:15–15:40 T-H16 Mapping Highly-Energetic Messengers throughout the Universe— ∙Sara Buson
T 54.1 Wed 11:00–11:25 T-H15 Hunting XYZ Beasts at Belle and Belle II— ∙Elisabetta Prencipe
T 54.2 Wed 11:25–11:50 T-H15 Precision tests of the StandardModel using CP violation in Bmeson decays— ∙Thibaud

Humair
T 54.3 Wed 11:50–12:15 T-H15 Back to the top: charting the bounds of the standard model— ∙Afiq Anuar
T 54.4 Wed 12:15–12:40 T-H15 Dark matter from spin-2 mediators— ∙Stefan Vogl
T 55.1 Wed 11:00–11:25 T-H16 Machine Learning for LHC�eory— ∙Anja Butter
T 55.2 Wed 11:25–11:50 T-H16 Towards high-precision deep learning for astroparticle physics— ∙ChristophWeniger
T 55.3 Wed 11:50–12:15 T-H16 �e quest for the mechanism behind the matter-antimatter asymmetry— ∙JuliaHarz
T 55.4 Wed 12:15–12:40 T-H16 Towards the lightest dark matter in direct searches— ∙Belina von Krosigk
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T 81.1 �u 14:00–14:25 T-H15 LND - A (”Made in Germany”) RadiationMonitor Operating at the far Side of theMoon
— ∙Sönke Burmeister, Shenyi Zhang, Jia Yu, ZigongXu, Stephan Böttcher, Robert
Wimmer-Schweingruber

T 81.2 �u 14:25–14:50 T-H15 Energetic Pulsar Environments and the Origins of Galactic Cosmic Rays — ∙Alison
Mitchell

T 81.3 �u 14:50–15:15 T-H15 Looking forward to exciting physics with FASER— ∙Felix Kling
T 81.4 �u 15:15–15:40 T-H15 Astroparticle physics at the LHC: Exploring the forward region with cross-section mea-

surements— ∙Hans Dembinski
T 82.1 �u 14:00–14:25 T-H16 Searches for new scalar particles at the LHC— ∙Dominik Duda
T 82.2 �u 14:25–14:50 T-H16 Novel approaches to search for new physics in rare charm decays — ∙Dominik Stefan

Mitzel
T 82.3 �u 14:50–15:15 T-H16 Constraining the Higgs-charm Yukawa coupling with the CMS experiment — ∙Luca

Mastrolorenzo
T 82.4 �u 15:15–15:40 T-H16 Characterization of H boson events in the ττ decay channel with the full CMS Run-2

data set— ∙SebastianWozniewski

Invited Talks of the joint symposium SMuK Dissertation Prize 2022 2022 (SYMD)
See SYMD for the full program of the symposium.

SYMD 1.1 Mon 14:00–14:25 Audimax Timeless QuantumMechanics and the Early Universe— ∙LeonardoChataigner
SYMD 1.2 Mon 14:25–14:50 Audimax First tritium β-decay spectrum recorded with Cyclotron Radiation Emission

Spectroscopy (CRES)— ∙Christine Claessens
SYMD 1.3 Mon 14:50–15:15 Audimax Watching the top quarkmass run - for the �rst time! — ∙MatteoM.Defranchis,

Katerina Lipka, Sven-OlafMoch
SYMD 1.4 Mon 15:15–15:40 Audimax Towards beam-quality-preserving plasma accelerators: On the precision tuning

of the wake�eld— ∙Sarah Schröder

Prize Talks of the joint Awards Symposium (SYAW)
See SYAW for the full program of the symposium.

SYAW 1.1 Wed 14:10–14:40 Audimax Wie überprü� man die Ziele der Lehramtsausbildung Physik? — ∙Horst
Schecker

SYAW 1.2 Wed 14:40–15:10 Audimax Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry and
Black Holes— ∙Frank Eisenhauer

SYAW 1.3 Wed 15:10–15:40 Audimax Turbulence in one dimension— ∙AlexanderM. Polyakov

Sessions
T 1.1–1.3 Mon 9:30–11:00 T-H15 Invited Talks 1
T 2.1–2.9 Mon 16:15–18:30 T-H15 QCD (�eorie) 1
T 3.1–3.9 Mon 16:15–18:35 T-H16 Flavour Physics 1
T 4.1–4.7 Mon 16:15–18:00 T-H17 Flavour Physics 2
T 5.1–5.8 Mon 16:15–18:20 T-H18 Electroweak Interactions (Exp.) 1
T 6.1–6.9 Mon 16:15–18:30 T-H19 Top Quarks: Production (Exp.) 1
T 7.1–7.8 Mon 16:15–18:15 T-H20 Top Quarks: Properties 1
T 8.1–8.9 Mon 16:15–18:30 T-H21 Higgs Boson: Decay in Fermions 1
T 9.1–9.9 Mon 16:15–18:30 T-H22 Search for Supersymmetry
T 10.1–10.9 Mon 16:15–18:30 T-H23 Search for New Particles -1
T 11.1–11.8 Mon 16:15–18:15 T-H24 Gaseous Detectors
T 12.1–12.9 Mon 16:15–18:30 T-H25 Pixel Detectors
T 13.1–13.8 Mon 16:15–18:15 T-H26 Semiconductor Detectors:Radiation Hardness, newMaterials and Concepts
T 14.1–14.9 Mon 16:15–18:30 T-H27 DAQ and Trigger 1
T 15.1–15.7 Mon 16:15–18:00 T-H28 GRID Computing
T 16.1–16.9 Mon 16:15–18:30 T-H29 Experimental Methods (general) 1
T 17.1–17.8 Mon 16:15–18:20 T-H30 Gamma Astronomy 1
T 18.1–18.9 Mon 16:15–18:30 T-H31 Neutrino Astronomy 1
T 19.1–19.8 Mon 16:15–18:20 T-H32 Cosmic Ray 1
T 20.1–20.9 Mon 16:15–18:40 T-H33 Neutrino Physics without Accelerators 1
T 21.1–21.9 Mon 16:15–18:35 T-H34 Neutrino Physics without Accelerators 2
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T 22.1–22.8 Mon 16:15–18:20 T-H35 Search for Dark Matter 1
T 23.1–23.6 Mon 16:15–17:45 T-H36 Experimental Techniques in Astroparticle Physics 1
T 24.1–24.5 Mon 16:15–17:35 T-H37 Outreach Methods
T 25.1–25.8 Mon 16:15–18:25 T-H38 Data Analysis, Information Technology and Arti�cial Intelligence
T 26.1–26.9 Mon 16:15–18:30 T-H39 Data Analysis, Information Technology and Arti�cial Intelligence
T 27.1–27.3 Tue 11:00–12:30 T-H15 Invited Talks 2
T 28.1–28.4 Tue 14:00–15:40 T-H15 Invited Topical Talks 1
T 29.1–29.4 Tue 14:00–15:40 T-H16 Invited Topical Talks 2
T 30.1–30.9 Tue 16:15–18:30 T-H15 Flavour Physics 3
T 31.1–31.8 Tue 16:15–18:15 T-H16 Beyond the Standard Model (�eory) 1
T 32.1–32.8 Tue 16:15–18:15 T-H17 QCD (Exp.) 1
T 33.1–33.9 Tue 16:15–18:30 T-H18 Top Quarks: Production (Exp.) 2
T 34.1–34.7 Tue 16:15–18:00 T-H19 Top Quarks: Properties -2
T 35.1–35.8 Tue 16:15–18:15 T-H20 Higgs Boson: Associated Production 1
T 36.1–36.9 Tue 16:15–18:30 T-H21 Higgs Boson: Extended Models 1
T 37.1–37.9 Tue 16:15–18:30 T-H22 Search for New Particles 2
T 38.1–38.7 Tue 16:15–18:00 T-H23 Search for New Particles 3
T 39.1–39.8 Tue 16:15–18:15 T-H24 Gaseous Detectors 2
T 40.1–40.9 Tue 16:15–18:30 T-H25 Pixel Detectors 2
T 41.1–41.9 Tue 16:15–18:30 T-H26 Calorimeters 1
T 42.1–42.7 Tue 16:15–18:00 T-H27 Detector Systems 1
T 43.1–43.8 Tue 16:15–18:15 T-H28 DAQ and Trigger 2
T 44.1–44.6 Tue 16:15–17:45 T-H29 Experimental Methods (general) 2
T 45.1–45.8 Tue 16:15–18:15 T-H30 Gamma Astronomy 2
T 46.1–46.9 Tue 16:15–18:30 T-H31 Neutrino Astronomy 2
T 47.1–47.8 Tue 16:15–18:15 T-H32 Cosmic Ray 2
T 48.1–48.10 Tue 16:15–18:45 T-H33 Neutrino Physics without Accelerators 3
T 49.1–49.9 Tue 16:15–18:40 T-H34 Neutrino Physics without Accelerators 4
T 50.1–50.7 Tue 16:15–18:00 T-H35 Search for Dark Matter 2
T 51.1–51.8 Tue 16:15–18:20 T-H36 Experimental Techniques in Astroparticle Physics 2
T 52.1–52.6 Tue 16:15–17:45 T-H37 Outreach Methods 2
T 53.1–53.9 Tue 16:15–18:30 T-H38 Data Analysis, Information Technology and Arti�cial Intelligence 3
T 54.1–54.4 Wed 11:00–12:40 T-H15 Invited Topical Talks 3
T 55.1–55.4 Wed 11:00–12:40 T-H16 Invited Topical Talks 4
T 56.1–56.9 Wed 16:15–18:30 T-H15 Flavour Physics 4
T 57.1–57.8 Wed 16:15–18:15 T-H16 Flavour Physics 5
T 58.1–58.7 Wed 16:15–18:00 T-H17 QCD (Exp.) 2
T 59.1–59.6 Wed 16:15–17:50 T-H18 Neutrino Physics with Accelerators 1
T 60.1–60.9 Wed 16:15–18:30 T-H19 Top Quarks: Decay and CP Violation and Mixing Angles
T 61.1–61.8 Wed 16:15–18:15 T-H20 Higgs Boson: Decay in Bosons
T 62.1–62.9 Wed 16:15–18:30 T-H21 Higgs Boson: Extended Models 2
T 63.1–63.9 Wed 16:15–18:30 T-H22 Search for New Particles 4
T 64.1–64.9 Wed 16:15–18:30 T-H23 Search for New Particles 5
T 65.1–65.8 Wed 16:15–18:15 T-H24 Silicon Strip Detectors
T 66.1–66.9 Wed 16:15–18:30 T-H25 Semiconductor Detectors: Radiation Hardness, newMaterials and Concepts 2
T 67.1–67.9 Wed 16:15–18:40 T-H26 Myon Detectors
T 68.1–68.8 Wed 16:15–18:15 T-H27 Detector Systems 2
T 69.1–69.9 Wed 16:15–18:30 T-H28 DAQ and Trigger 3
T 70.1–70.9 Wed 16:15–18:30 T-H29 Experimental Methods (general) 3
T 71.1–71.9 Wed 16:15–18:30 T-H30 Neutrino Astronomy 3
T 72.1–72.9 Wed 16:15–18:30 T-H31 Cosmic Ray 3
T 73.1–73.8 Wed 16:15–18:15 T-H32 Cosmic Ray 4
T 74.1–74.8 Wed 16:15–18:20 T-H33 Neutrino Physics without Accelerators 5
T 75.1–75.9 Wed 16:15–18:35 T-H34 Neutrino Physics without Accelerators 6
T 76.1–76.9 Wed 16:15–18:30 T-H35 Search for Dark Matter 3
T 77.1–77.8 Wed 16:15–18:15 T-H36 Search for Dark Matter 4
T 78.1–78.7 Wed 16:15–18:00 T-H37 Experimental Techniques in Astroparticle Physics 3
T 79.1–79.9 Wed 16:15–18:30 T-H38 Data Analysis, Information Technology and Arti�cial Intelligence 4
T 80.1–80.3 �u 11:00–12:30 T-H15 Invited Talks 3 (joint session T/EP)
T 81.1–81.4 �u 14:00–15:40 T-H15 Invited Topical Talks 5 (joint session T/EP)
T 82.1–82.4 �u 14:00–15:40 T-H16 Invited Topical Talks 6
T 83.1–83.9 �u 16:15–18:30 EP-H1 Astroteilchen: Von der Quelle zum Detektor (contributed talks) (joint session

EP/T)
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T 84.1–84.9 �u 16:15–18:30 T-H15 Flavour Physics
T 85.1–85.9 �u 16:15–18:30 T-H16 Beyond the Standard Model (�eory) 2 and QFT and Lattice Gauge�eory 1
T 86.1–86.7 �u 16:15–18:00 T-H17 NeutrinoPhysics (�eory) 1 and�eoreticalAstroparticle Physics andCosmol-

ogy 1
T 87.1–87.8 �u 16:15–18:20 T-H18 Electroweak Interactions (Exp.) 2
T 88.1–88.9 �u 16:15–18:30 T-H19 Top Quarks: Production (Exp.) 3
T 89.1–89.7 �u 16:15–18:00 T-H20 Higgs Boson: Decay in Fermions 2
T 90.1–90.8 �u 16:15–18:15 T-H21 Higgs Boson: Associated Production 2
T 91.1–91.6 �u 16:15–17:45 T-H22 Higgs Boson: Rare Decays
T 92.1–92.7 �u 16:15–18:00 T-H23 Higgs Boson: Extended Models 3
T 93.1–93.10 �u 16:15–18:45 T-H24 Search for New Particles 6
T 94.1–94.7 �u 16:15–18:00 T-H25 Silicon Strip Detectors 2
T 95.1–95.8 �u 16:15–18:15 T-H26 Pixel Detectors 3
T 96.1–96.8 �u 16:15–18:15 T-H27 Detector Systems 3
T 97.1–97.7 �u 16:15–18:00 T-H28 Electronics 1
T 98.1–98.7 �u 16:15–18:05 T-H29 Experimental Methods (general) 4
T 99.1–99.9 �u 16:15–18:35 T-H30 Neutrino Astronomy 4
T 100.1–100.9 �u 16:15–18:30 T-H32 Cosmic Ray 5
T 101.1–101.9 �u 16:15–18:30 T-H33 Cosmic Ray 6
T 102.1–102.9 �u 16:15–18:35 T-H34 Neutrino Physics without Accelerators 7
T 103.1–103.9 �u 16:15–18:30 T-H35 Neutrino Physics without Accelerators 8
T 104.1–104.7 �u 16:15–18:05 T-H36 Search for Dark Matter 5
T 105.1–105.10 �u 16:15–18:45 T-H37 Search for Dark Matter 6
T 106.1–106.9 �u 16:15–18:30 T-H38 Experimental Techniques in Astroparticle Physics 4
T 107.1–107.8 �u 16:15–18:15 T-H39 Data Analysis, Information Technology and Arti�cial Intelligence 5
T 108 �u 19:30–21:00 T-MV General assembly - Particle Physics Division (for DPGmembers)
T 109.1–109.3 Fri 11:00–12:30 T-H15 Invited Talks 4

Annual General Meeting of the Particle Physics Division
�ursday 19:30–21:00 T-MV
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Sessions
– Invited Talks, Invited Topical Talks, Group Reports, and Contributed Talks –

T 1: Invited Talks 1
Time: Monday 9:30–11:00 Location: T-H15

Invited Talk T 1.1 Mon 9:30 T-H15
From scattering amplitudes to precision predictions for the LHC— ∙Claude
Duhr— Bethe Center for�eoretical Physics, Bonn University

Scattering amplitudes are the main theory tool to compute precise predictions

for collider experiments like the Large Hadron Collider (LHC) at CERN. Over

the last decade, we have reached a new level of understanding of themathematics

describing scattering amplitudes.�is has resulted in the development of novel

powerful computational techniques that are o�en inspired by cutting-edge re-

sults in pure mathematics. We give a review of these recent developments and

techniques, and we illustrate their use for precision predictions on several recent

milestone computations for LHC observables.

Invited Talk T 1.2 Mon 10:00 T-H15
Tackling new physics at the fringe of precision: StandardModel physics at the
LHC— ∙Simone Amoroso—DESY, Hamburg
Despite the lack for direct evidence for physics beyond the Standard Model, the

potential of the Large Hadron Collider is far from exhausted.�e large datasets

accumulated, combined with advancements in detector calibrations, data anal-

ysis, and theory calculations, allows for measurements of Standard Model pa-

rameters with precision which were unthinkable even a decade ago, and for the

observation of new and rarer processes. �ese high energy and high precision

measurements can be used to probe the behavior of the StandardModel at scales

well beyond the direct reach of the Large Hadron Collider, providing a promis-

ing avenue for the investigation of New Physics. In this talk recent Standard

Model results from the LHC Collaborations will be reviewed, and their impact

in constraining the Standard Model and its extensions will be illustrated.

Invited Talk T 1.3 Mon 10:30 T-H15
Hunt for New Physics at the LHC— ∙SwagataMukherjee—RWTHAachen

University

�e search for new physics is a major goal of the LHC physics program.�e ex-

cellent quality of the Run-2 data set collected by the LHC experiments provides a

promising avenue to search for signatures of physics beyond the StandardModel.

In this talk I will review some of the searches from Run-2. �ese searches have

covered a wide range of new physics scenarios including supersymmetry, new

hidden sectors, dark matter, and long-lived particles. In addition to reviewing

some of the innovative techniques that made the analyses possible, I will sum-

marise what we have learned from the results and brie�y discuss prospects for

Run-3 which is starting this year.

T 2: QCD (Theorie) 1
Time: Monday 16:15–18:30 Location: T-H15

T 2.1 Mon 16:15 T-H15
So� photon bremsstrahlung at Next-to-Leading Power— ∙Domenico Bono-
core and Anna Kulesza — Institut für �eoretische Physik, Westfälische

Wilhelms-Universität Münster
A long-standing discrepancy in the so� photon bremsstrahlung has attracted a

renewed attention in view of the proposed measurements with a future upgrade

of the ALICE detector in the upcoming runs of the LHC. In this talk I will dis-

cuss the possibility to implement techniques that have been recently developed

for so� gluon resummation at Next-to-Leading-Power (NLP) to the so� photon

spectrum.

T 2.2 Mon 16:30 T-H15
Leading-Color Two-Loop Amplitudes for Four Partons and a W-Boson
in QCD — Samuel Abreu

1,2,3
, Fernando Febres Cordero

4
, Harald

Ita
5
, ∙Maximilian Klinkert

5
, Benjamin Page

1
, and Vasily Sotnikov

6
—

1
�eoretical Physics Department, CERN, Geneva —

2
Higgs Centre for �eo-

retical Physics, School of Physics and Astronomy,�e University of Edinburgh

—
3
Mani L. Bhaumik Institute for�eoretical Physics, Department of Physics

and Astronomy, UCLA, Los Angeles —
4
Physics Department, Florida State

University, Tallahassee —
5
Physikalisches Institut, Albert-Ludwigs-Universität

Freiburg —
6
Max Planck Institute for Physics (Werner Heisenberg Institute),

München
Leading-Color Two-Loop Amplitudes for Four Partons and a W-Boson in QCD

I will present the leading-color two-loop QCD corrections for the scattering

of four partons and a W boson, including its leptonic decay.�e amplitudes are

assembled from the planar two-loop helicity amplitudes for four partons and a

vector boson decaying to a lepton pair.�e analytic expressions are obtained by

setting up a dedicated Ansatz and constraining the free parameters from numer-

ical samples obtained within the framework of numerical unitarity. Our results

are expressed in a basis of one-mass pentagon functions, which opens the possi-

bility of their e�cient numerical evaluation.

T 2.3 Mon 16:45 T-H15
Fast simulations with NNLOQCD accuracy— ∙Lucas Kunz—Karlsruhe In-
stitute of Technology, Karlsruhe, Germany

�e calculation of theoretical predictions for hadron colliders at higher orders

in perturbation theory involves computing time expensive iterative procedures.

�e same is true for the extraction of parton distribution functions (PDFs) from

measured data. Hence, to produce results in reasonable time, a very e�cient

and �exible setup is needed.�e APPLfast project ful�lls these requirements by

linking the parton-levelMonte Carlo programNNLOjet with both the APPLgrid

and fastNLO grid libraries, thereby allowing for an a posteriori choice of a set of

PDFs or value of the strong coupling constant. �is talk will give an overview

of the project, focusing on an explanation of the general logic and on possible

applications rather than technical details.

T 2.4 Mon 17:00 T-H15
MiNNLOPS for dibosons: matching NNLO QCD with parton showers —
∙Daniele Lombardi1, MariusWiesemann

1
, Giulia Zanderighi

1
, Gabriël

Koole
1
, Luca Buonocore

2
, and Luca Rottoli

2
—

1
Max-Planck-Institut für

Physik, Munich, Germany —
2
University of Zurich, Zurich, Switzerland

�e comparison of theory calculations against experimental measurements for

many particle collider processes is nowadays one of the main roads towards the

discovery of new physics. �e tremendous amount of data collected and the

great e�ort of the experimental collaborations have allowed us to reach an un-

precedented accuracy in the measurements of many processes. To avoid that the

theory uncertainties become the limiting factor of this comparison, a similar ef-

fort from the theory community is demanded. In this talk, I will �rst motivate

whymatching our best available �xed-order results with parton showers is a nec-

essary step in this direction.�en I will focus onMiNNLOPS , which is one of the
latest methods that have been proposed to embed a next-to-next-to-leading or-

der QCD calculation into a full-�edgedMonte Carlo event generator. Originally

formulated for single boson production, this method has been recently extended

to general color-singlet �nal states and successfully applied to di�erent diboson

processes, such as Zγ,W+W−
and ZZ. A�er a brief review of the underlying

idea of MiNNLOPS and a presentation of the main results, I will conclude by
highlighting the potential of the method for future applications.

T 2.5 Mon 17:15 T-H15
Automating the calculation of jet functions and beam functions in SCET—
Guido Bell, ∙Kevin Brune, Goutam Das, and MarcelWald— Center for

Particle Physics Siegen,�eoretische Physik 1, Universität Siegen

In perturbative QCD large logarithms can arise in the computation of collider

observables. �ese logarithms can be resummed via factorization theorems

within So�-Collinear E�ective�eory(SCET).�ese factorization theorems in-

clude beam functions accounting for the initial-state collinear interactions and

jet functions for the �nal-state collinear interactions. While these functions have

been calculated case by case for di�erent observables until now, we are investi-

gating an automated approach for a general class of observables. For this, we

study a general phase-space parameterization that factorizes the universal sin-

gularities of the functions. We have implemented this framework for di�erent

observables, by using the public code ”pySecDec” to compute the next-to-next-

to-leading order beam and jet function.

79



Particle Physics Division (T) Monday

T 2.6 Mon 17:30 T-H15
Invertible Networks for theMatrix ElementMethod—Anja Butter1, ∙Theo
Heimel

1
, TillMartini

2
, Sascha Peitzsch

2
, and Tilman Plehn

1
—

1
Institut

für �eoretische Physik, Universität Heidelberg, Germany —
2
Institut für

Physik, Humboldt-Universität zu Berlin, Germany

For many years, the matrix element method has been considered the perfect ap-

proach to LHC inference. We show how conditional neural networks can be

used to unfold detector e�ects and initial-state QCD radiation, to provide the

hard-scattering information for this method. We illustrate our approach for the

CP-violating phase of the top Yukawa coupling in associated Higgs and single-

top production.

T 2.7 Mon 17:45 T-H15
Targeting Multi-Loop Integrals with Neural Networks — ∙Ramon
Winterhalder

1,2,3
, Vitaly Magerya

4
, Emilio Villa

4
, Stephen P. Jones

5
,

Matthias Kerner
4,6,7
, Anja Butter

1,2
, Gudrun Heinrich

2,4
, and Tilman

Plehn
1,2
—

1
Institut für �eoretische Physik, Universität Heidelberg, Ger-

many —
2
HEiKA - Heidelberg Karlsruhe Strategic Partnership, Heidelberg

University, Karlsruhe Institute of Technology (KIT), Germany —
3
Centre for

Cosmology, Particle Physics and Phenomenology (CP3), Université catholique

de Louvain, Belgium —
4
Institut für �eoretische Physik, Karlsruher Institut

für Technologie, Germany —
5
Institute for Particle Physics Phenomenology,

DurhamUniversity, UK—
6
Institut für Astroteilchenphysik, Karlsruher Institut

für Technologie, Germany —
7
Physik-Institut, Universität Zürich, Switzerland

Numerical evaluations of Feynman integrals o�en proceed via a deformation of

the integration contour into the complex plane. While valid contours are easy to

construct, the numerical precision reached for a multi-loop integral can depend

critically on the chosen contour. We present methods to optimize this contour

using a combination of machine-learned complex shi�s and a normalizing �ow.

�is can, potentially, lead to a very signi�cant gain in precision.

T 2.8 Mon 18:00 T-H15
Generative Networks for Precision Enthusiasts — ∙Anja Butter, Theo
Heimel, SanderHummerich, TobiasKrebs, Tilman Plehn, ArmandRous-

selot, and Sophia Vent—U. Heidelberg, ITP

Generative networks are opening new avenues in fast event generation for the

LHC. We show how generative �ow networks can reach percent-level precision

for kinematic distributions, how they can be trained jointly with a discriminator,

and how this discriminator improves the generation. Our joint training relies on

a novel coupling of the two networks which does not require a Nash equilibrium.

We then estimate the generation uncertainties through a Bayesian network setup

and through conditional data augmentation, while the discriminator ensures that

there are no systematic inconsistencies compared to the training data.

T 2.9 Mon 18:15 T-H15
Development of transverse �ow for small and large systems in conformal ki-
netic theory — ∙ClemensWerthmann

1
, Sören Schlichting

1
, and Victor

Eugen Ambrus
2,3
—

1
Universität Bielefeld, Germany —

2
Goethe-Universität

Frankfurt, Germany —
3
West University of Timisoara, Romania

We employ an e�ective kinetic description to study the space-time dynamics and

development of transverse �ow of small and large collision systems. By combin-

ing analytical insights in the few interactions limit with numerical simulations at

higher opacity, we are able to describe the development of transverse �ow from

very small to very large opacities, realised in small and large collision systems.

Surpisingly, we �nd that deviations between kinetic theory and hydrodynamics

persist even in the limit of very large interaction rates, which can be attributed

to the presence of the early pre-equilibrium phase. We discuss implications for

the phenomenological description of heavy-ion collisions and the applicability

of viscous hydrodynamics to describe small and large collision systems.

[1] V.Ambrus, S.Schlichting, C.Werthmann arXiv:2109.03290

T 3: Flavour Physics 1
Time: Monday 16:15–18:35 Location: T-H16

T 3.1 Mon 16:15 T-H16
Measurement of the ratios R(D(∗)) with leptonic τ and hadronic tag at Belle
— ∙FelixMetzner

1
, Florian Bernlochner

2
, Michael Feindt

1
, and Pablo

Goldenzweig
1
for the Belle-Collaboration —

1
Karlsruhe Institute of Technol-

ogy —
2
University of Bonn

�e discrepancy observed for the ratiosR(D(∗)) of the decays B→ D
(∗)τíτ rela-

tive to the normalisationmodes B→ D
(∗)ℓíℓ (ℓ = e, μ) between the experimen-

tal results and the Standard Model (SM) prediction is one of few longstanding

tensions of the SM.�e newBelle II so�ware framework and the therein included

conversion tool B2BII allows to reevaluate the Belle data set of 772 million BB̄-

pairs recorded from 1999 until 2010 using the improved algorithms of the mod-

ern framework. With this approach a new measurement of the ratiosR(D(∗))
with an improved hadronic tagging algorithm — the Full Event Interpretation

(FEI) — is carried out. Pro�ting from a higher reconstruction e�ciency, due to

the new tagging algorithm, this analysis aims to provide new insights into these

semileptonic B-decays. In this talk, the procedure and the current status of the

analysis will be presented.

T 3.2 Mon 16:30 T-H16
Inclusive B-meson tagging for an R(D(∗)) measurement at Belle II —
Thomas Kuhr, Thomas Lück, and ∙Sofia Palacios Schweitzer— Ludwig-

Maximilians-Universität, München

�e world average of previous measurements of R(D(∗)), de�ned as R(D(∗)) =
B�B→D(∗)τíó�
B�B→D(∗) líl � , shows a 3.4σ deviation from Standard Model predictions, which
could indicate some new physics phenomena, such as the existence of Lepto-

quarks. �is analysis uses data and simulations from the Belle II experiment at

the SuperKEKB electron-positron collider to measure R(D(∗)). To account for
the challenge of multiple neutrinos as �nal state particles, an approach is consid-

ered, where besides the signal B-meson decay kinematical and topological prop-
erties of the other B-meson are reconstructed fully inclusively. In contrast to
exclusive tagging used for previous measurements of R(D(∗)) by the B-factories,
this inclusive tagging approach su�ers from a larger background, but also of-

fers a higher reconstruction e�ciency.�e current status of the analysis will be

presented.

T 3.3 Mon 16:45 T-H16
Probing the R(D(∗)) discrepancy with inclusive B → Xτí decays at Belle
II — Jochen Dingfelder, Florian Bernlochner, ∙Henrik Junkerkale-
feld, and Peter Lewis — Physikalisches Institut der Rheinischen Friedrich-

Wilhelms-Universität Bonn

Excesses in the R(D) and R(D∗) ratios measured by multiple experiments have
caused large interest in recent years and align with other measurements in the

�avor sector that may hint at non-universality of lepton �avor. Exclusive de-

cays of B mesons into τ leptons (B → D(∗)τí) seem to appear more frequently
compared to the respective decays into light leptons than expected by theory.

�e Belle II experiment in Japan enables a complementary test of these mea-

surements. Due to the precise knowledge of the initial state of the collision and

the controlled production of BB̄ pairs, an inclusive measurement of B → Xτí
becomes possible. Here, the hadronic system X is not explicitly reconstructed,
i.e. all possible hadrons contribute. �is approach o�ers a better statistical pre-

cision than exclusive measurements at the expense of larger backgrounds.

In this talk, the current status of the inclusive R(X)measurement is presented.
�e event selection, the signal extraction strategy and the most important sys-

tematic uncertainties are discussed.

T 3.4 Mon 17:00 T-H16
Measuring R(D∗) in hadronic one-prong τ decays at Belle II — Florian

Bernlochner, William Sutcliffe, and ∙Ilias Tsaklidis for the Belle II-
Collaboration — Physikalisches Institut der Rheinischen Friedrich-Wilhelms-

Universität Bonn

In this work we are measuring the R(D∗) ratio with hadronically decaying τ lep-
tons.�e Belle II experiment is producing exact BB̄ pairs and it greatly bene�ts
from the clean experimental environment of e+e− collisions. In this study we tag
one of the two B mesons using the Full Event Interpretation algorithm in fully

hadronic modes, in order to kinematically constrain the second B meson. We

reconstruct B → D∗τí decays with a single charged track originating from the
τ decay and two missing neutrinos. �is gives us a unique access to quantities,
sensitive to New Physics, such as the τ lepton polarization besides the R(D∗) ra-
tio. In this talk the reconstruction strategy, the current status and future targets

of the analysis will be presented.

T 3.5 Mon 17:15 T-H16
Measurement of R(D*) with semileptonic tagging at Belle II — Florian

Bernlochner, Jochen Dingfelder, Peter Lewis, and ∙AlinaManthei for

the Belle II-Collaboration — Physikalisches Institut der Rheinischen Friedrich-

Wilhelms-Universität Bonn
�e Belle II experiment at the SuperKEKB asymmetric-energy electron-positron

collider is able to collect a large number of events with BB pairs. �e analysis
of semitauonic decays of these B mesons allows for tests of lepton �avour uni-
versality. Existing experimental results on the ratios of the branching fractions

R(D(∗) = B(B → D(∗)τ−í)/B(B → D(∗) l−í), where l denotes an electron or
muon, are in tension with the Standard Model (SM) predictions, which might
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hint at physics beyond the SM, such as the presence of charged Higgs bosons

or leptoquarks. A combined analysis ofR(D) andR(D∗) with measurements
from Belle, BaBar and LHCb yields a divergence from the SM prediction by ap-

proximately 3.8σ , where σ indicates the standard deviation.�us, further inves-
tigations of these decays with the recently collected data by Belle II are necessary.

�is talk will present the current status and plans for a measurement ofR(D(∗))
using this data, while reconstructing the respective other B meson in the event
in semileptonic modes.

T 3.6 Mon 17:30 T-H16
mb(mZ) revisited with Zedometry — ∙Stefan Kluth — MPI für Physik,

Föhringer Ring 6, 80805 München

Precisionmeasurements of Z
0
boson properties can allow a determination of the

mass of the b quark at the scale of the Z
0
boson mass mb(mZ).�e dependence

of StandardModel predictions by the programs z�tter and G�tter on the b quark

mass are studied. �e precision of the currently available measurements by the

LEP experiments and SLD, together with measurements from the LHC experi-

ments for the mass of the top quark and the Higgs boson, is not su�cient for a

relevant measurement.�e predicted precision of Z
0
boson resonance measure-

ments at future e
+
e
−
colliders will allow a competetive determination ofmb(mZ).

T 3.7 Mon 17:45 T-H16
From sWeights to COWs: News about the sWeight method — ∙Hans
Dembinski

1
, Matt Kenzie

2
, Christoph Langenbruch

3
, and Michael

Schmelling
4
—

1
TU Dortmund, Germany —

2
University of Warwick, United

Kingdom—
3
RWTH Aachen, Germany —

4
MPIK Heidelberg

A common problem in experimental �avour physics is the separation of signal

and background, when the background is di�cult to parameterise. We revisit the

foundation of the popular method known as sWeights (or sPlot), which allows

one to calculate estimates from the signal density in a control variable (for ex-

ample, the decay time of a particle) using a �t of a mixed signal and background

model to a discriminating variable (typically the invariant mass of decay candi-

dates). sWeights are a special case of a larger class of CustomOrthogonalWeight

functions (COWs), which can be applied to a more general class of problems in

which the discriminating and control variables are not necessarily independent

and still achieve close to optimal performance. We present new insights into

the properties of parameters estimated from �ts to sWeighted data, and provide

closed formulas for the asymptotic covariance matrix of these parameters. To

illustrate our �ndings, we show practical applications of these techniques.

T 3.8 Mon 18:00 T-H16
Normalization of the rare K+ → π+íí̄ decay by a K+ → π+π0/K+ → μí
measurement with NA62— ∙Atakan Tuğberk Akmete— Johannes Guten-
berg Universität, Mainz

�e ultra-rare K+ → π+íí̄ decay has a precisely predicted Standard Model
branching ratio of 8.4 ± 1.0 × 10

−11
which is almost free from theoretical un-

certainties. �erefore, this SM limit can be tested by a precision measurement.

Further, the very high sensitivity of this decay also makes it one of the most suit-

able candidates to investigate indirect e�ects of new physics in the �avour sector.

�e NA62 experiment at the CERN SPS was proposed and designed to mea-

sure this branching ratio by using a decay-in-�ight technique. NA62 took data

of the K+ → π+íí̄ decay in 2016, 2017, 2018 and 2021. �e previous analyses
yielded the most precise branching-ratio measurement of the decay. In those

analyses, the K+ → π+π0
was used as normalization in order to extract the

number of kaon decays for the K+ → π+íí̄ branching ratio measurement.
However, it is also possible to use another normalization mode, K+ → μí,

which can be useful for eliminating undesirable e�ects that were considered in

the previous analyses such as photon and multiplicity rejections. In this talk, I

will be discussing the results of this K+ → μí normalization mode and repre-
senting a new measurement on K+ → π+π0/K+ → μí.

Group Report T 3.9 Mon 18:15 T-H16
Towards a Super Charm-Tau Factory in Russia — ∙Mustafa Schmidt, Si-

monBodenschatz, LisaBrück, MichaelDüren, JanNiclasHofmann, So-

phie Kegel, Jhonatan Pereira de Lira, Marc Strickert, Chris Takatsch,

Leonard Welde, and Vincent Wettig — II. Physikalisches Institut, Justus-

Liebig-Universität Gießen

�e Super Charm-Tau Factory (SCTF) is a future electron-positron collider that

is planned to be built in Sarov, Russia. Its center-of-mass energy can be tuned

between 2 and 6GeV for studying a large variety of physics programs.�e crab-

waste method, a novel collision scheme for particle beams, makes it possible

to reach an exceptionally high luminosity up to a value of L = 10
35
cm

−2
s
−1

which is 3–4 orders larger than in previous accelerators. In combination with

longitudinally polarized lepton beams in the interaction point and an excellent

Particle Identi�cation (PID), SCTFwill o�er the unique possibility to study open

questions in the �eld of particle physics and to �nd new physics beyond the stan-

dard model (SM). Prominent examples are the investigation of CP-violation in

the open-charm sector or Charged Lepton Flavor Violation (CLFV) in decays of

τ-leptons.�is talk will present some highlights of the physics program and the
detector design. Our working group in Giessen focuses on the PID design using

RICH and DIRC detectors.

T 4: Flavour Physics 2
Time: Monday 16:15–18:00 Location: T-H17

T 4.1 Mon 16:15 T-H17
Testing Lepton Flavour Universality with B0

s → ϕℓ+ℓ− decays using LHCb
data—Christoph Langenbruch1

, Stefan Schael
1
, ∙Sebastian Schmitt1,

and Eluned Smith
2
—

1
I. Phys. Inst. B - RWTH Aachen —

2
University of

Zürich

In the Standard Model of Particle Physics (SM), b → sℓ+ℓ− transitions are for-
bidden at tree-level and may only occur at the loop-level. �e branching frac-

tions of these so-called Flavour Changing Neutral Currents (FCNCs) can thus be

signi�cantly a�ected by New Physics (NP) beyond the SM. While in the SM, the

coupling of the electro-weak gauge-bosons is Lepton Flavour Universal (LFU),

this universality can be broken in NP scenarios. Ratios of branching fractions of

semileptonic rare decays with muons and electrons in the �nal state constitute

clean SM tests. Recent measurements of LFU ratios have shown tensions of up

to 3.1 σ .
�e LHCb detector is located at the Large Hadron Collider (LHC) at CERN

and is optimised to study rare b-hadron decays. For this purpose LHCb features
high trigger e�ciencies, excellent track reconstruction, and particle identi�ca-

tion.

�is talk gives an overview of the measurement of Rϕ, which bene�ts from the

experimentally clean B0
s → ϕℓ+ℓ− environment.�e analysis uses the full Run 1

and Run 2 dataset collected by LHCb which corresponds to 9 fb
−1
of integrated

luminosity.

T 4.2 Mon 16:30 T-H17
Search for the lepton �avour violating decays B0 → K∗(892)0μ±e∓ and
B0
s → ϕ(1020)μ±e∓ with the LHCb experiment — ∙Jan-Marc Basels, An-

dreas Güth, and Christoph Langenbruch — I. Physikalisches Institut B,

RWTH Aachen University

�e conservation of lepton �avour in interactions involving charged leptons is

a central property of the Standard Model (SM).�us, every discovery of lepton

�avour violation (LFV) would simultaneously be a discovery of new physics.

Designed to study the decays of heavy �avour hadrons, the LHCb detector at

the Large Hadron Collider (LHC) at CERN allows for the search for LFV in

b → sℓ+ℓ�− transitions of B-mesons with unprecedented sensitivity. An ad-
ditional motivation for such searches arises by recent tests of lepton �avour

universality in rare b → sℓ+ℓ− decays, which have shown tensions with the SM
prediction. Any discovery of lepton �avour non-universality would generally

imply the existence of LFV decays.

�is talk presents the status of a search for the LFV decays B0 → K∗(892)0μ±e∓
and B0

s → ϕ(1020)μ±e∓, based on a dataset taken with the LHCb detector dur-
ing Run 1 and Run 2 of the LHC that corresponds to an integrated luminosity of

9 fb
−1
. Particular focus is placed on the study and control of backgrounds and

the determination of expected upper limits on the signal branching fraction.

T 4.3 Mon 16:45 T-H17
Search for the lepton �avour violating decays B+ → K+e±μ∓ with the full
dataset of the LHCb experiment— Johannes Albrecht, ∙Alexander Bat-
tig, and Elena Dall’Occo— Technische Universität Dortmund

�e conservation of lepton �avour in interactions of charged leptons is an impor-

tant prediction of the Standard Model of particle physics, making searches for

lepton �avour violating decays of Bmesons an interesting probe for New Physics.

In addition, hints of lepton non-universality in b → sl l transitions (measure-
ments of RK+ , RK∗0 ) imply the violation of lepton �avour conservation. Due to
the abundance of produced B-mesons and ability to precisely study them, the

LHCb experiment provides an ideal environment for searches for lepton �avour

violating decays of B-mesons.

In this talk, the search for the lepton �avour violating decays B+ → K+e±μ∓

with the LHCb experiment is presented. �e analysed data has been recorded

during Run 1 and Run 2 of the LHC and corresponds to an integrated luminos-

ity of 9.1 fb
−1
.
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T 4.4 Mon 17:00 T-H17
Test of Lepton FlavourUniversality (LFU) inΛb → Λℓℓwith the LHCb exper-
iment—FlavioArchilli1, SimoneBifani2, VladDedu3

, LexGreeven
3
, Si-

etskeKeijzer
3
, MickMulder

4
, Niladri Sahoo

2
, Marco Santimaria

5
, Sil-

via Sole
3
, Paul Swallow

2
, Niels Tuning

3
, Maarten Veghel

3
, ∙Chishuai

Wang
1
, and NigelWatson

2
—

1
Physikalisches Institut, Heidelberg, Germany

—
2
University of Birmingham, UK —

3
Nikhef, Netherlands —

4
University of

Groningen, Netherlands —
5
INFN, Frascati, Italy

�e Flavour Changing Neutral Current (FCNC) transition b → sℓℓ is highly
suppressed in the Standard Model (SM), which makes it susceptible to the im-

pact of possible New Physics (NP).

In the SM, the electroweak interaction does not distinguish between the three

generations of leptons. However, several recent studies of LFU using b → sℓℓ
processes, e.g. RK = B(B+→K+μμ)

B(B+→K+ee) and RK∗0 = B(B0→K∗0μμ)
B(B0→K∗0ee) measurements,

have shown deviations from the SM expectations.�ese ratios have the advan-

tage that theoretical uncertainties from the hadronization cancel, which makes

them relatively clean observables. For the Λb → Λℓℓ system, a similar observ-
able RΛ = B(Λb→Λμμ)

B(Λb→Λee) can be de�ned. �e measurement of RΛ will provide an

independent test with respect to the tests of LFU performed with the B-mesons.

�is talk will present the ongoing study of the RΛ measurement at LHCb, us-

ing the data collected by the LHCb experiment during the years 2011-2012 and

2015-2018.

T 4.5 Mon 17:15 T-H17
Search for lepton �avour violation in four-body charm decays at LHCb —
∙Daniel Unverzagt— Physikalisches Institut, Heidelberg, Germany
LHCb is playing a leading role in the study of rare and forbidden decays of charm

hadrons, which might reveal e�ects beyond the Standard Model.�is talk aims

in particular to motivate the search for lepton �avour violation in four-body

charm decays. In addition an overview about the current status of an analysis

studying neutral charm hadrons decaying to two hadrons and an electron and

muon, D0 → hhμe with h = π±
, K±
, is provided.

T 4.6 Mon 17:30 T-H17
Angular analysis of B0 → K∗e+e− decays — Martino Borsato, Fabian

Glaser, and ∙JiangqiaoHu— Physikalisches Institut - Universität Heidelberg
Over the last decade, the LHCb detector at the LargeHadronCollider (LHC) col-

lected the world largest sample of beauty hadron decays.�is dataset allowed to

study rare transitions of a b quark into an s quark and a pair of charged leptons

(b → sℓℓ) with unprecedented precision and unearthed a series of anomalies
that could be a sign of dynamics beyond the Standard Model. Namely, the angu-

lar distributions of b → sμμ decays do not agree with theoretical predictions and
their rate is lower than that observed in b → see decays, in contrast to the expec-
tation dictated by the SM symmetry of lepton universality. A key measurement

to solve this puzzle is the angular analysis of B0 → K∗e+e− decays. In this talk I
will present my contribution to this analysis, focusing on the di�cult kinematic

region of high dielectron invariant mass. Advanced analysis techniques are used

to classify signal candidates, characterise background contributions andmeasure

the angular properties of the decay.

T 4.7 Mon 17:45 T-H17
Angular analysis of the decay B0 → K∗0μ+μ− — Leon Carus1, Christoph
Langenbruch

1
, ∙Thomas Oeser1, and Eluned Smith2

—
1
I. Physikalisches

Institut B, RWTH Aachen University —
2
Physik-Institut, University of Zurich

Recently, several tensions between measurements and Standard Model predic-

tions emerged in the area of b → sℓℓ decays in measurements of branching
fractions, angular observables, and tests of lepton universality. Additional exper-

imental information, such as angular observables determined from the angular

distribution of b → sℓℓ decays, can provide deeper insight into the nature of
potential New Physics contributions.

A previous measurement of the angular distribution of B0 → K∗0(→
K+π−)μ+μ− decays, performed by the LHCb collaboration using data collected
during Run 1 and 2016, found tensions with Standard Model predictions at the

level of 3 standard deviations.

�is talk will present an overview of the update of this analysis, including

LHCb data collected in 2017 and 2018.

T 5: Electroweak Interactions (Exp.) 1
Time: Monday 16:15–18:20 Location: T-H18

Group Report T 5.1 Mon 16:15 T-H18
Measuring mass and width of the W-boson with the ATLAS detector —
Philip Bechtle

1
, Klaus Desch

1
, Philip Kennedy

2
, Oleh Kivernyik

1
,

Jakub Kremer
2
, ∙Philipp König1, and Matthias Schott

2
—

1
Rheinische-

Friedrich-Wilhelms-Universität Bonn —
2
Johannes Gutenberg-Universität

Mainz
In 2017, the ATLAS collaboration measured the W-boson mass using pp-
collision data taken at $s = 7 TeV in 2011, resulting in the most precise single

measurement with a precision of 19 MeV. We present a revised analysis of the

same dataset, improving the �t methods and including a measurement of the

width of the W-boson. A precise measurement of these quantities in the decay

of theW-boson represent an excellent precision test of the StandardModel (SM).

A detailed comparison of the analysis design between the reanalysis and the

2017 analysis is carried out. Improvements are made in the estimation of the

multijet background and the description of some systematic uncertainties. �e

new �tting method of a pro�le likelihood �t is studied carefully and cross-

checked against the results of the revised analysis.

T 5.2 Mon 16:35 T-H18
Measurement of the mass and width of the W-boson at the ATLAS ex-
periment — ∙Philip David Kennedy1, Jakub Kremer1, Philipp König2,
and Matthias Schott

1
—

1
Institute of Physics, Johannes Gutenberg Univer-

sität, D-55099 Mainz, Germany —
2
Institute of Physics, Rheinische Friedrich-

Wilhelms-Universität Bonn, D-53115 Bonn, Germany

We discuss the status of theW-boson mass and width measurements using data
from the ATLAS experiment at the LHC.�is work utilises a pro�le-likelihood

�t to re-analyse the Run-1 dataset. �is method provides an advantage over a

χ2 approach used in the original analysis as the likelihood is minimised over the
whole parameter space, including all systematic uncertainties. It is then used

to perform the �rst �t of ΓW at the LHC. �ese results are of crucial impor-

tance for the EW-�t which bounds possible new physics scenarios. Comparison

is thenmade between these results and those from other experiments. Particular

emphasis will be placed on the performance of the pro�le-likelihood �t and its

impact on the uncertainties of parton density functions.

T 5.3 Mon 16:50 T-H18
Measurement of the di�erentialW → e + í cross-section at high transverse
masses at $s = 13 TeV with the ATLAS detector— Frank Ellinghaus and
∙Frederic Schröder— Bergische Universität Wuppertal

�e charged-current Drell-Yan (DY) cross-section is measured for the leptonic

decay of theW bosonW → eí. While the cross-section at the peak of theW bo-
son mass is known very well, the measurement of the di�erential cross-section

for transverse masses up toO(1TeV) is measured for the �rst time. In addition,
the double-di�erential cross-section will be measured as a function of the trans-

verse mass of the W boson and the pseudorapidity of the lepton.

�e charged-current DY can be used to constrain the density function that de-

scribes the partonic content of the proton and to measure fundamental param-

eters of the Standard Model. In particular, the high mW
T region of the charged-

current DY allows probing new physics by constraining e�ective �eld theory pa-

rameters, because these parameters are sensitive to small deviations in the cross-

section with respect to the theory prediction.

An overview of the cross-section measurement focused on issues related to the

reconstruction of the missing transverse momentum in the fake lepton back-

ground estimation will be presented. �e data has been taken at the ATLAS

experiment during Run-2 based on pp-collisions at a center-of-mass energy of
$s = 13TeV at the LHC.

T 5.4 Mon 17:05 T-H18
Measurement of the di�erentialW → μ + í cross section at high transverse
masses at $s = 13TeV with the ATLAS detector. — Frank Ellinghaus,

Frederic Schröder, and ∙Johanna Wanda Kraus — Bergische Universität
Wuppertal

�e cross section of the charged-current Drell-Yan process in the decayW →
μ+í is measured with data taken with the ATLAS detector from pp-collisions at
a center-of-mass energy of $s = 13TeV.�e full run 2 dataset ofL = 139 fb

−1

is analyzed.

While the inclusive cross-section is well-known, a di�erential measurement at

very high transverse masses is done for the �rst time.�e cross-section will also

be measured double-di�erentially in the transverse mass of the W-boson mW
T

and the pseudorapidity of the lepton.

�is measurement is important since it can be used to constrain the parton dis-

tribution function of the proton as well as electroweak parameters.

A quick overview of the complete analysis will be given while the main focus is

on the unfolding strategy via Iterative Bayesian Unfolding.
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T 5.5 Mon 17:20 T-H18
A data-driven multijet background estimation method for the measurement
of the electroweak Wjj production with the ATLAS experiment — ∙Lisa
Marie Baltes — Kirchho�-Institute for Physics, University Heidelberg, Ger-

many

�e observation andmeasurement of self-interactions of weak gauge bosons pro-

vide an indirect search for physics beyond the Standard Model.�e electroweak

production of a W boson in association with two jets includes the triple gauge

boson vertices WWγ andWWZ and is thus sensitive to the vector-boson-fusion
(VBF) production of a W boson. In proton-proton collisions, the characteris-

tic signature of a VBF includes two high-momentum jets at small angles with

respect to the incoming beams and a centrally produced lepton-neutrino pair

originating from the W boson decay. A signi�cant background for this analysis

is the multijet production via the strong interaction where a jet is misidenti�ed

as a lepton. It is di�cult to model this background since it strongly depends

on detector-related quantities such as lepton identi�cation and isolation criteria.

�erefore, data-driven techniques are used to estimate this background. In this

talk, the results of the multijet background estimation using the matrix method

are presented.

T 5.6 Mon 17:35 T-H18
Measurement of angular coe�cients of the Z boson production at ATLAS—
∙Julian Blumenthal and Stefan Tapprogge— Institut für Physik, Johannes
Gutenberg-Universität, Mainz

A better understanding of QCD production processes at hadron colliders is a

key aspect for theoretical predictions of perturbative QCD at higher accuracy. It

allows for more precise measurements of Standard Model parameters and back-

ground estimations for searches.�is contribution focusses on themeasurement

of angular coe�cients that are used to describe the di�erential cross section of

the Z boson production and subsequent decay into leptons in the Collins-Soper-

frame.�ese angular coe�cients can be used to probe QCD contributions in Z

production processes in detail. Two of the coe�cients in particular can also be

used to make inferences about the e�ective weakmixing angle. For the measure-

ment the full Run 2 ATLAS dataset with an integrated luminosity of L ≈ 139 fb−1
at $s =13 TeV is used, which increases the statistical accuracy signi�cantly at
a higher centre-of-mass energy than previous analyses. Major challenges of the

measurement using centrally produced charged lepton pairs will be described

and expected uncertainties discussed.

T 5.7 Mon 17:50 T-H18
Measurement of the anomalous magnetic moment of the tau lepton in heavy
ion collisions with the ATLAS experiment — ∙Leonie Hermann, Valerie
Lang, and Markus Schumacher—Albert-Ludwigs-Universität Freiburg

�e anomalous magnetic moment of leptons is an important property in the

StandardModel of particle physics and is highly sensitive to new physics beyond

the StandardModel. At the LHC the anomalousmagneticmoment of the tau lep-

ton (aτ) can be measured in ultra-peripheral PbPb collisions exploiting the large
photon �ux via the partonic process γγ → ττ. Anomalous values of aτ change
the total cross-section and di�erential cross-sections in various kinematic ob-

servables. �e analysis is based on PbPb collision data with a center-of-mass

energy of 5.02 TeV collected with the ATLAS experiment in 2018 with an inte-

grated luminosity of 1.33 nb
−1
. Events with one leptonically decaying tau lepton,

i.e. an electron or muon in the �nal state, and the other decaying hadronically

or leptonically are exploited in the analysis. �e sensitivity of the measurement

is determined by a maximum likelihood �t to the number of selected events, the

shape of kinematic distributions and a combination of both in several signal re-

gions corresponding to di�erent �nal states. Studies of the expected sensitivity

quanti�ed by the length of the con�dence interval for aτ will be presented.

T 5.8 Mon 18:05 T-H18
Measurement of Zγγ and ZZγ �nal stateswith theATLASdetector at the LHC
— ∙AnkeAckermann and PhilippOtt—Kirchho�-Institute for Physics, Hei-
delberg University

�e Standard Model of Particle Physics (SM) predicts the rare production of

triboson states, in which three gauge bosons are produced simultaneously. Al-

though su�ering from small cross sections and hence a limited amount of signal

events, such triboson states can be studied with the vast amount of data that is

collected by the ATLAS detector in Run 2. In addition to validating the predic-

tions of the SM for rare processes, sensitivity to New Physics is given via anoma-

lous quartic couplings of e.g. four neutral gauge bosons. �is talk will focus

on the analysis of the simultaneous production of ZZγ as well as Zγγ. In or-
der to determine the cross sections of those processes, it is crucial to separate

signal events from events arising through background processes mimicking the

signal topology.�e most dominant background process contains fake photons,

which are non-prompt photons within jets. Di�erent data-driven methods are

used to estimate the amount of fake photons in the signal region. A�er giving

a general introduction about the triboson production of the processes Zγγ and
ZZγ, a short summary of the two analyses, including the event selection, the
background estimation and a study for e�ects of New Physics, is presented.

T 6: Top Quarks: Production (Exp.) 1
Time: Monday 16:15–18:30 Location: T-H19

T 6.1 Mon 16:15 T-H19
Measurement of the Single-Top production cross section in the s-channel at
$s=13 TeVwith the ATLAS detector— ∙Kreul Ken—Humboldt-Universität
zu Berlin
�e production of single top-quarks in electroweak processes (Single-Top) is an

important part for the study of the Standard Model and possible extensions.

Single-Top production is possible in three channels: t-channel, s-channel and

via associated production of aW-boson. In proton-proton collisions at the Large

Hadron Collider (LHC), the s-channel has the lowest production cross section

and is dominated by many background processes. During the LHC run at 8 TeV,

the s-channel was already observed with a signi�cance of 3.2σ using the Matrix
Element Method. In this method, the matrix elements for the most important

signal and background processes are integrated over the available phase space

to compute process likelihoods, which can then be combined to a discriminant.

�e method is now applied to current ATLAS data at$s=13 TeV to improve the
previous result using the higher luminosity of up to 139 f b−1.

T 6.2 Mon 16:30 T-H19
Measurement of the t-channel single top-quark production cross-section
in proton-proton collisions at a centre-of-mass energy of 13 TeV with the
ATLAS detector — Olga Bessidskaia Bylund

1
, Dominic Hirschbühl

1
,

∙Joshua Reidelstürz1, Mohsen Rezaei Estabragh
1
, WolfgangWagner

1
,

Johannes Erdmann
2
, and Benedikt Gocke

2
—

1
Bergische Universität Wup-

pertal, Wuppertal, Deutschland —
2
Technische Universität Dortmund, Dort-

mund, Deutschland

�e measurement of the single top-quark t-channel production cross sections

σtq and σt̄q and their fraction Rt as well as the total cross section σtq, t̄q is pre-
sented. �ese measurements provide a precise test of the standard model and

are sensitive to new-physics phenomena by probing the properties of theWtb
vertex and placing limits on the CKMmatrix element |Vtb |. Data taken with the
ATLAS detector from 2015 to 2018 corresponding to an integrated luminosity

of L = 139 fb
−1
at a center-of-mass energy of 13TeV is analyzed using cor-

responding samples of simulated events. Requirements are applied to the data

selecting events with the signature expected for the signal process. To further

enhance the separation between signal and background events a neural network

is trained using the Monte Carlo simulated data combining several kinematic

variables.�e neural network output distribution is then used in a binned pro-

�le maximum likelihood �t including all systematic uncertainties to determine

the cross sections.

T 6.3 Mon 16:45 T-H19
Measurement of W-boson-associated single-top-quark production in
boosted lepton-plus-jets �nal states with CMS— ∙ChristopherMatthies

1
,

JohannesHaller
1
, Roman Kogler

2
, and Matthias Schröder

1
—

1
Institut

für Experimentalphysik, Universität Hamburg —
2
Deutsches Elektronen-

Synchrotron DESY, Hamburg

We present a di�erential cross sectionmeasurement of the associated production

of a single top quark and aW boson (tW) in boosted lepton-plus-jets �nal states

in pp collisions at $s = 13TeV with the CMS experiment. Boosted hadronic

decays of both the W boson or the top quark are reconstructed as large-radius

jets, using the Heavy Object Tagger with Variable R (HOTVR). Deep learning

techniques are employed to discriminate tW from top quark pair production and

other background processes. It is shown that a measurement up to a transverse

momentum of several hundred GeV of the top quark or associated W boson is

feasible, extending the phase space covered by previous measurements consid-

erably.

T 6.4 Mon 17:00 T-H19
Measurements of di�erential cross sections and spin asymmetry in tZq —
∙DavidWalter and Abideh Jafari—DESY, Hamburg, Germany
�e associated production of a single top quark and a Z boson in pp collisions at

the LHC includes the tZ coupling as well as the coupling of three vector bosons

(WWZ) and is therefore a unique process to study the couplings of heavy parti-

cles in the SM.�e top quark in this process is polarized due to its production
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through the weak interaction. Since the top quark decays before it hadronizes,

the spin information is conserved in the leptonic decay products and can bemea-

sured. In this talk the �rst di�erential measurement of the tZq cross section is

presented where the full Run-2 data of 138 /fb is used. �e tZq cross section is

measured at parton and particle level as a function of various kinematic observ-

ables including leptons and jets. A maximum likelihood unfolding procedure is

exploited to correct for detector and hadronization e�ects. Also presented is the

�rst measurement of the spin asymmetry in tZq, which is proportional to the

top quark polarization.

T 6.5 Mon 17:15 T-H19
Di�erential cross-section measurement of the tZq process with the ATLAS
detector— ∙Nilima Akolkar and Ian Brock— Physikalisches Institut, Uni-
versität Bonn
�e production of a single top quark in association with a Z boson (tZq) is a

rare process that has been discovered by the CMS and ATLAS Collaborations.

�is process is of special interest, as it allows one to probe the couplings of the Z

boson to the quark sector and to W boson simultaneously.

�is talk will focus on the di�erential cross-section measurement of the tZq

process, analyzed in the trilepton decay channel. �e data used was collected

with the ATLAS detector during Run 2 of the LHC, corresponding to an inte-

grated luminosity of 139 fb
−1
.�e tZq di�erential cross-section is measured us-

ing di�erent methods of unfolding and the preliminary results will be presented

in the talk.

T 6.6 Mon 17:30 T-H19
Towards a WbWb di�erential cross-section measurement — ∙Thomas
Mclachlan—DESY
Top quark pair production is a widely studied process at the Large Hadron Col-

lider (LHC) and is a signi�cant background in many searches beyond the Stan-

dardModel (BSM).�eWWbb �nal states of this process interfere with the pro-

duction of a single top quark in association with aWboson and a b-quark (tWb).

Using data from Run-2, I will measure the WbWb production cross-section in

a phase space that is maximally sensitive to the interference e�ects with the goal

of improving the modelling of SM processes for BSM searches. An event selec-

tion using single lepton events is being developed. In this context, I will present a

range of quantities and theoretical parameters that will be used in the di�erential

cross-section measurement.

T 6.7 Mon 17:45 T-H19
Search for single production of top quarks in association with a photon with
the ATLAS detector at $s = 13 TeV— ∙BjörnWendland, Johannes Erd-

mann, and Kevin Kröninger — Technische Universität Dortmund, Fakultät

Physik

Analyses of top quark production in association with a photon are important

tests of the Standard Model.�ey probe top quark properties with respect to the

electroweak interaction, such as the top quark charge or the structure of the top

quark and photon vertex. Top quark pair production with a photon in leptonic

�nal states was observed and investigated extensively by the ATLAS and CMS

collaborations. No signi�cant deviations from the Standard Model expectations

were found by now.

With the rich datasets collected by the ATLAS and CMS experiments during

Run 2 of the LHC programme, it is feasible to observe single production of top

quarks in association with a photon. �e CMS collaboration reported evidence

corresponding to 4.4 σ for this process using a partial Run 2 dataset.
In this talk, studies of t-channel single production of top quarks with a pho-

ton using the full Run 2 dataset collected by the ATLAS detector are presented.

As the leptonic decay channel of the top quark is used in this analysis, the �nal

state consists of either an electron or a muon, a jet containing B hadrons, miss-
ing transverse energy, a photon and an additional jet produced in the forward

direction.

T 6.8 Mon 18:00 T-H19
First studies on theMonteCarlo simulation of single-top quark production in
association with a photon using e�ective �eld theory samples— ∙Nils Julius
Abicht, Johannes Erdmann, and Björn Wendland — Technische Univer-

sität Dortmund, Fakultät Physik

�e observation of Standard Model (SM) single-top quark production in asso-

ciation with a photon with the ATLAS detector is expected to be possible with

the full Run-2 dataset. A di�erential measurement of the process can be used

to further test the SM. In particular, the interaction between the photon and the

top quark is sensitive to modi�cations of the electroweak couplings of the top

quark. An e�ective �eld theory (EFT) approach, with variations of the relevant

parameters ctW and ctB is employed in order to further constrain current limits
on the respective EFT operators. For a better understanding of the in�uence of

these parameters on the simulation of the process in MadGraph, preliminary

studies for future EFT interpretations are presented.

T 6.9 Mon 18:15 T-H19
Search for �avour-changing neutral-current interactions of a top quark and a
gluon in pp collisions at$s = 13TeVwith theATLASdetector— ∙Wolfgang

Wagner, Gunnar Jäkel, and Dominic Hirschbühl— Bergische Universität

Wuppertal

In the standard model, �avour-changing neutral currents (FCNCs) are strongly

suppressed, in particular in the top-quark sector. Any observation of top-quark-

related FCNCs will thus be a clear sign of physics beyond the standard model.

A search is presented for the production of a single top quark via le�-handed

�avour-changing neutral-current (FCNC) interactions of a top quark, a gluon

and an up or charm quark. Two production processes are considered: u+ д → t
and c + д → t.�e analysis is based on proton–proton collision data taken at a
centre-of-mass energy of 13 TeV with the ATLAS detector at the LHC.�e data

set corresponds to an integrated luminosity of 139 fb
−1
. Events with exactly one

electron or one muon, exactly one b-tagged jet and missing transverse momen-
tum are selected, resembling the decay products of a singly produced top quark.

Neural networks based on kinematic variables di�erentiate between events from

the two signal processes and events from background processes. �e measured

data are consistent with the background-only hypothesis, and limits are set on

the production cross-sections of the signal processes. Based on the framework

of an e�ective �eld theory, the cross-section limits are translated into limits on

the strengths of the tuд and tcд couplings occurring in the theory.

T 7: Top Quarks: Properties 1
Time: Monday 16:15–18:15 Location: T-H20

T 7.1 Mon 16:15 T-H20
Measurement of the top quark pole mass using tt̄+1 jet events with the
CMS experiment— ∙SebastianWuchterl

1
, Katerina Lipka

1
, and Matteo

Defranchis
2
—

1
Deutsches Elektronen Synchrotron (DESY) —

2
CERN

�e top quark is the most massive elementary particle known. Its mass, mt, is a
fundamental parameter of the Standard Model (SM), and its value needs to be

determined experimentally. A precise measurement ofmt and the masses of the
W andHiggs bosons play a crucial role in precision tests of the SM. Additionally,

the value and the uncertainty ofmt are driving predictions for the energy depen-
dence of the Higgs quartic coupling, which determines the stability of the elec-

troweak vacuum. In proton-proton collisions at the LHC, top quark-antiquark

(tt̄) production can be used to extract mt in di�erent renormalization schemes.
In this work, the pole mass of the top quark is measured using events in which

the tt̄ system is produced in association with one additional jet. �is analysis is

performed using proton-proton collision data collected by the CMS experiment

in 2016-2018 with $s = 13 TeV, corresponding to a total integrated luminosity

of 138 fb
−1
. Events with two opposite-sign leptons in the �nal state are analyzed

to measure the normalized di�erential cross section as a function of the inverse

of the invariant mass of the tt̄+1 jet system.�is observable has been chosen due
to strongest sensitivity to mt at the threshold of the tt̄ pair production.

T 7.2 Mon 16:30 T-H20
Measurement of the jet mass distribution in hadronic decays of boosted top
quarks and determination of the top quark mass with CMS — ∙Alexander
Paasch

1
, Johannes Haller

1
, Roman Kogler

2
, and Dennis Schwarz

3
—

1
Institut für Experimentalphysik, Universität Hamburg —

2
DESY, Hamburg —

3
Austrian Academy of Sciences, Vienna

�e top quark is the heaviest known elementary particle. Due to its high mass it

plays an important role in the electroweak sector of the Standard Model and the

measurement of its properties is of special interest. In contrast to conventional

top quark mass measurements, we provide an analysis in the boosted regime. At

these high energies, the top quark decay products are collimated and are clus-

tered into a single large-radius jet with a mass sensitive to the top quark mass.

In this talk, we present the measurement of the jet mass distribution and top

quark mass in hadronic decays of boosted top quarks, using 137 fb
−1
of data col-

lected by the CMS experiment during the LHC Run-2. New techniques such as a

re�ned calibration of the jet mass scale and improving the description of the �nal

state radiation through a measurement of jet substructure variables substantially

increase the precision compared to earlier analyses.�e result represents a large

step towards the precision observed in measurements at threshold production.

84



Particle Physics Division (T) Monday

T 7.3 Mon 16:45 T-H20
Measurement of the top-quark mass in t t̄ events using the template method
in the lepton+jets channel with the ATLAS detector — ∙Dimbiniaina
Rafanoharana and Andrea Knue—Albert-Ludwigs-Universität Freiburg

�e top-quark mass is a fundamental parameter of the Standard Model (SM).

Its precise determination is therefore crucial to test the consistency of the SM. A

multitude of measurements was performed at the Tevatron and the LHC using

di�erent methods and �nal states.

�e combination of the ATLAS measurements at $s = 7 TeV and at $s = 8
TeV has a relative overall uncertainty of 0.28% and a relative statistical uncer-

tainty of 0.14%. �e measurement precision is therefore limited by the under-

standing of systematic e�ects.

In this presentation, an investigation of the systematic e�ects in the top-quark

mass measurement using the template method in t t̄ → lepton+jets channel at

$s = 13 TeV is shown. �e studies are performed using di�erent observables
sensitive to the top-quark mass as well as di�erent event selections, aiming at

reducing the overall uncertainty.

T 7.4 Mon 17:00 T-H20
Neural network based estimators to measure the top quark mass —
Christoph Garbers, Johannes Lange, ∙Nathan Prouvost, Peter

Schleper, and Hartmut Stadie — Universität Hamburg, Luruper Chaussee

149, 22761 Hamburg

�e top quark is the heaviest known particle in the Standard Model. As such,

the top quark mass is an important parameter for constraining and checking the

validity of Standard Model predictions. In the semi-leptonic decay channel, a

value of the top quark mass of 172.25 ± 0.63 GeV has been measured with 35

fb
−1
of the 2016 data at the CMS experiment.�e mass of the top quark from a

kinematic �t and the reconstructed mass of the W boson are used as variables.

It is expected that adding more variables will improve the measurement. �is

presentation focuses on the development of neural network based estimators of

the top quark mass using nuisance parameters for the systematics and multiple

observables.

T 7.5 Mon 17:15 T-H20
Measurement of the top quark width from Wb scattering — Thorsten

Chwalek
1
, Matteo Defranchis

2
, Nils Faltermann

1
, Jan Kieseler

2
,

Matthias Komm
2
, ∙Marco Link

1
, Martijn Mulders

2
, Thomas Müller

1
,

Michael Pitt
2
, and Pedro Silva

2
—

1
Institut für Experimentelle Teilchen-

physik (ETP), Karlsruher Institut für Technologie (KIT) —
2
CERN

�e top quark is the heaviest elementary particle in the standard model (SM).

As such it is especially interesting to search for hints of physics beyond the stan-

dard model (BSM). Current measurements of the top quark decay width make

strong assumptions on the branching ratio of the top quark into a W boson and

a bottom quark (Wb).

�is talk explores the possibility of the model independent measurement of

the top quark decay width in Wb→Wb scattering via a top quark propagator at
the CMS experiment. Generator level studies are used to develop reconstruc-

tion methods for the Wb system. In combination with a measurement of the

single top cross section this measurement could be sensitive to e�ects from BSM

physics. Given the limited size of the current data set and the small cross section

of the signal process, the measurement will be interesting with the increase of

data expected during HL-LHC data taking.

T 7.6 Mon 17:30 T-H20
Measurement of top-quark pair spin correlation in the ℓ + jets channel us-
ing the ATLAS experiment — ∙Oleksandr Burlayenko, Andrea Knue,
and ZuzanaRurikova—Albert-Ludwigs Universität Freiburg, Experimentelle

Teilchenphysik AG Herten

�e top quark is the heaviest known fundamental particle and has a lifetime on

the order of 10
−25
s. �is lifetime is shorter than the quantum chromodynamic

(QCD) hadronization time scale 1/ΛQCD ≈ 10
−24
s, and much shorter than the

spin decorrelation time scale mt/Λ
2
QCD ≈ 10

−21
s. �is gives an opportunity

to study the spin properties of a bare quark, as top-quark spin information is

preserved in the angular distribution of its decay products.

�e Standard Model predicts the t t̄ pairs to have correlated spins. �e de-
gree of the this correlation is sensitive to the production mechanism of the top

quark.�e ATLAS collaboration measured it at 13 TeV in the dilepton channel.

In this measurement, a discrepancy between the predicted and observed results

was found.

�is work presents ongoing studies of the t t̄ spin correlation in the lepton +
jet channel at$s = 13 TeV.While this channel provides a larger dataset to study,

the analyzing power is reduced compared to the dilepton channel. In this talk,

�rst studies will be presented including di�erent event selections and di�erent

observables for this �nal state.

T 7.7 Mon 17:45 T-H20
Extracting top-Yukawa coupling from t t̄ cross-section using ATLAS data—
∙Supriya Sinha—DESY, Hamburg and Zeuthen, Germany
�is work aims to extract the top-Yukawa coupling (Yt ) from t t̄ cross section
close to the threshold. In order to achieve this, one can use the kinematic dis-

tributions in t t̄ production along with the virtual Higgs boson loop correction.
�is boson exchange modi�es the di�erential distributions near t t̄ production
threshold energy. It becomes highly sensitive to Yt , and hence, is used to extract
its value.

�is talk introduces the involved physics processes and gives an insight to the

analysis strategy.�e decay channel considered for the analysis is the lepton+jets

�nal state. Full Run-II data with the integral luminosity of 139 fb
−1
taken from

the ATLAS experiment at 13 TeV, is used.

T 7.8 Mon 18:00 T-H20
Sensitivity studies for the measurement of the top-Yukawa coupling us-
ing four-top �nal states — Arnulf Quadt, Elizaveta Shabalina, and

∙Sreelakshmi Sindhu— II. Physikalisches Institut, Georg-August-Universität
Göttingen

�e top quark is the heaviest particle in the Standard Model and hence a pre-

cise measurement of its properties is key to identifying evidence for physics be-

yond the StandardModel. One such property is the top-Yukawa coupling, which

describes the strength of the interaction between the top quark and the Higgs

boson. �e production of four top quarks can be mediated by the Higgs bo-

son, making this process highly sensitive to the top-Yukawa coupling. Various

kinematic variables from the decay of the four top process in the trilepton and

same-sign dilepton channels are studied to identify the observables that are most

sensitive to the top-Yukawa coupling. To get better sensitivity, the top quarks

are reconstructed to directly probe the properties of the top quark. �e neural

network is studied to further improve the sensitivity of the four top quark pro-

duction to the top-Yukawa coupling. In this talk, a summary of these sensitivity

studies will be presented.

T 8: Higgs Boson: Decay in Fermions 1
Time: Monday 16:15–18:30 Location: T-H21

T 8.1 Mon 16:15 T-H21
Measurement of Higgs boson production cross sections in the di-τ decay
channelwith theATLASdetector and the combinationwith other decay chan-
nels — ∙Frank Sauerburger, Karsten Köneke, Christopher Young, and
Karl Jakobs—Albert-Ludwigs-Universität Freiburg, Deutschland

�e coupling of the Higgs boson to τ-leptons is one of the most precisely mea-
sured couplings of the Higgs boson to fermions. A measurement of the pro-

duction cross sections of the Higgs boson decaying into two τ-leptons is pre-
sented.�e cross section is measured in the gluon-fusion, vector-boson-fusion,

W/Z boson associated, and top-quark pair associated production channels.�e

study illustrates the application of machine-learning techniques. �e analysis

uses proton-proton collision data at a center-of-mass energy $s = 13TeV cor-

responding to an integrated luminosity of 139 fb
−1
recorded during Run 2 with

the ATLAS detector at the LHC.

In addition, the combination of this measurement with other Higgs boson

production and decay channels is presented. �e presentation focuses on the

measurement of coupling modi�ers in the κ framework.

T 8.2 Mon 16:30 T-H21
Optimization of di-tau mass reconstruction in the ATLAS experiment using
a deep neural network— Klaus Desch, Philip Bechtle, Christian Grefe,
Lena Herrmann, and ∙Ramy Hmaid — Rheinische-Friedrich-Wilhelms-

Universität Bonn
A major challenge of identifying Higgs decays to tau leptons is the similarity

of Higgs- and Z-Boson decays, due to their similar mass and at least least two

unobservable neutrinos in the �nal state.

We will present a regression neural network that determines the invariant

mass of the reconstructed di-tau system and compare its performance with ex-

isting solutions for this problem. In addition, the stability of the neural network

response under di�erent training conditions will be discussed.

T 8.3 Mon 16:45 T-H21
Improving the sensitivity of CP tests in VBF Higgs-boson production ex-
ploiting the H → τeτμ decay with neural networks for the reconstruction of
the Higgs-boson four-momentum at the ATLAS experiment— ∙Alexandra
Spitzer, Michael Böhler, and Markus Schumacher — Albert-Ludwigs-

Universität Freiburg
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Violation of CP invariance is one of the three Sakharov conditions needed to ex-

plain the observed baryon asymmetry in our universe. In the StandardModel CP

violation is already introduced via the CKMmatrix. However, its size is not suf-

�cient to explain the amount of observed baryon asymmetry.�e vector-boson

fusion production of the Higgs particle allows to study its CP structure of the

couplings to electroweak gauge bosons HVV .
CP invariance of HVV couplings is probed by investigating the mean value

of the CP-odd Optimal Observable. Since the Higgs bosons’s four-momentum

is required for calculating the Optimal Observable the resolution of the Optimal

Observable is limited by the reconstruction quality of the Higgs boson’s four-

momentum. It is investigated how neural networks improve the reconstruction

quality of the four-momentum in comparison to the Missing Mass Calculator.

�e hyperparameters of four di�erent neural networks were optimized by using

a hyperparameter optimization so�ware framework OPTUNA.�e impact on

determing the strength of CP violation in the H → τeτμ decay channel assum-
ingL = 139 fb

−1
of pp collisions at $s = 13 TeV is presented.

T 8.4 Mon 17:00 T-H21
Signal selection and background estimation for testing CP invariance in vec-
tor boson fusion production of the Higgs boson in theH → τeτμ decay chan-
nel using the ATLAS detector— ∙Ye Joon Kim, Valerie Lang, Ö. Oğul Ön-
cel, and Markus Schumacher—Albert-Ludwigs-Universität Freiburg

�e combination of charge conjugation symmetry (C) and parity symmetry (P),

together denoted as CP invariance, is violated in the Standard Model (SM) of

particle physics in the weak interaction. �e amount of CP violation in the SM

is not enough to explain the observed baryon asymmetry in the universe. Fur-

ther sources of CP violation may exist in the Higgs sector.�e CP nature of the

Higgs boson coupling to vector bosons is investigated in vector-boson fusion

production (VBF) of the Higgs boson exploiting the H → τeτμ decay channel.
In this talk, contributions to the search for CP violation in VBF production

in the H → τeτμ channel based on pp collision data collected with the ATLAS
detector at $s = 13 TeV corresponding to an integrated luminosity of 139 fb

−1

are discussed.

�e estimation of background processes, in particular from events where jets

are falsely identi�ed as electrons or muons, with the data-driven matrix method

is presented. Studies of the signal selection will also be shown.

T 8.5 Mon 17:15 T-H21
Signal selection and background estimation for testing CP invariance in vec-
tor boson production of the Higgs boson in the H → τlepτhad decay channel
using the ATLAS detector— ∙HelenaMoyano, Valerie Lang, Ö. OğulÖn-

cel, and Markus Schumacher—Albert-Ludwigs-Universität Freiburg

�e existence of charge conjugation and parity symmetry (CP) violating pro-

cesses represents one of the three Sakharov conditions for baryogenesis, the

mechanism that explains the di�erent abundances of matter and antimatter in

the universe. �e Standard Model of particle physics includes a description of

CP violating processes, however, their contribution is not su�cient to explain

the observed baryon asymmetry in the universe.�e discovery of the Higgs bo-

son in 2012 opened the window to search for new sources of CP violation in the

production or decay of the Higgs boson.

�e analysis exploits Higgs-boson production via vector-boson fusion (VBF)

and the decay H → τlepτhad to search for CP-violating contributions to the
HVV vertex based on data collected by the ATLAS detector at $s = 13 TeV
corresponding to an integrated luminosity ofL =139 fb−1.
�is presentation discusses the selection of τlepτhad events with neural net-

works as well as the estimations of the background contributions. Particularly,

�rst studies will be shown regarding the estimation of the background contribu-

tion due to jets misidenti�ed as hadronically decaying τ leptons using the Fake
Factor method.

T 8.6 Mon 17:30 T-H21
Event reconstruction techniques in the context of a Higgs boson CP analy-
sis in the di-tau lepton �nal state with the CMS experiment — Wolfgang

Lohmann, Achim Stahl, and ∙Alexander Zotz — RWTH Aachen Univer-
sity - Physics Institute III B, Aachen, Germany

In 2020 the �rst measurement of the e�ective CP mixing angle in Higgs boson

decays into two tau leptons has been performed by the CMS experiment. It was

determined to be (4 ± 17)∘ using the Run 2 data set of pp collision of 137 f b−1
integrated luminosity.�e mixing angle was extracted from a distribution of an-

gles between the decay planes of the tau lepton decay products in the H → ττ
decay. In the case of hadronic tau lepton decays via the intermediate a1 reso-
nance the full tau lepton kinematics including its neutrino and furthermore its

polarimetric vector can be reconstructed. Requiring both tau leptons to decay

via a1 mesons allows for the reconstruction of a CP sensitive observable with
higher sensitivity. However the a1a1 �nal state su�ers from a small branching
fraction and therefore these improvements have a neglible e�ect on the overall

sensitivity once all �nal states are included.

In this talk, an extension of the polarimetric vector method via the inclusion

of �nal states with an a1 decay on one side and a single charged lepton or hadron
on the other side of the H → ττ decay is presented. To reconstruct the event a
kinematic �t with external constraints is used and the potential improvement on

the measurement of the CP mixing angle is discussed.

T 8.7 Mon 17:45 T-H21
Tau reconstruction exploiting machine learning techniques at CMS — ∙Ze
Chen—DESY, Hamburg, Germany

Reconstruction of hadronically decaying tau leptons (denoted as τh) in the CMS
experiment at the Large Hadron Collider has been historically performed with

the Hadron-plus-strip (HPS) algorithm. In the HPS algorithm, the τh �nal state
signature is identi�ed by combining information from charged hadrons, recon-

structed by their associated tracks, and π0 candidates, obtained by clustering
photon and electron candidates in rectangular regions, called "strips". As of the

LHC Run 2, deep-learning techniques have been implemented to improve the

identi�cation of genuine τh leptons and reduce contributions from backgrounds.
�is talk covers a study to improve the tau decaymode reconstruction usingma-

chine learning techniques. Its e�ciency is shown and compared to the one of the

HPS algorithm.

T 8.8 Mon 18:00 T-H21
Search for lepton-�avour violating decays of the Higgs boson using the sym-
metry method for background estimation with the ATLAS experiment at
$s = 13TeV— ∙Katharina Schleicher, Valerie Lang, andMarkus Schu-

macher—Albert-Ludwigs-Universität Freiburg

�e discovery of the Higgs boson opened the window to a variety of interest-

ing probes to physics beyond the standard model (SM), including searches for

lepton-�avour violating (LFV) Higgs-boson decays. Such decays are predicted

in several extension of the SM e.g. in models with two Higgs doublets. In nature,

LFV was already observed in form of neutrino oscillations. In this analysis the

decays of H → eτ and H → μτ with leptonic τ-decays leading to eμ + 2í �nal
states are considered. A central part of the analysis is the precise estimation of the

SM backgrounds. �erefore, a data-driven method is used - the so-called sym-

metry method. It exploits two principles: First, SM backgrounds with prompt

leptons are symmetric w.r.t. the interchange of electrons and muons. And sec-

ond, this symmetry is broken if the branching ratios of the two LFV decays are

of di�erent magnitude. �e �rst principle implicates the challenge of restoring

this symmetry since electrons and muons are experimentally di�erent.�e sec-

ond principle is motivated by the upper limit on the BR(μ → eγ). To obtain the
best possible sensitivity, a dedicated statistical model was developed and neural

networks for classi�cation are deployed. In this talk, an overview of the analysis

using the LHC Run-2 dataset recorded with the ATLAS detector in pp collisions

at $s = 13 TeV is given.

T 8.9 Mon 18:15 T-H21
Sensitivity to lepton �avour violating Higgs boson decays at the HL-Lhc us-
ing data-driven background estimation— ∙Naman Kumar Bhalla, Katha-
rina Schleicher, Valerie Lang, and Markus Schumacher — Albert-

Ludwigs-Universität Freiburg

One of the primary goals of the Large Hadron Collider (Lhc) program is to look

for processes beyond the StandardModel (SM) of particle physics. One such pro-

cess predicted by many beyond-SM theories is lepton �avour violation (LFV) in

the decays of the Higgs Boson. A search for LFV decays of the Higgs boson with

H → eτμ andH → μτe �nal states was performed using the full Run 2 data col-
lected at $s = 13TeV, corresponding to an integrated luminosity of 138 fb

−1
. A

part of this analysis used a data-driven background estimation, which takes ad-

vantage of the idempotency of SM backgrounds under the exchange of an elec-

tron and amuon.�is symmetry is then broken only by the di�erence in the two

LFV signals considered. Due to its data-driven nature, the sensitivity of this ap-

proach is limited by statistical uncertainties, which are expected to reduce with

more data.

�is talk describes the extrapolation of the Run 2 analysis’ sensitivity to con-

ditions at the high-luminosity Lhc (HL-Lhc), where a data set, collected in pp
collisions at$s = 14TeV corresponding to an integrated luminosity of 3000 fb

−1
,

is expected. �e extrapolation also accounts for the expected improvements in

systematic uncertainties from detector upgrades planned for the HL-Lhc. �e

�rst expected sensitivities for LFV decays of the Higgs boson at the HL-Lhc,

based on the data-driven background estimation, are presented.
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T 9: Search for Supersymmetry
Time: Monday 16:15–18:30 Location: T-H22

T 9.1 Mon 16:15 T-H22
Search for Higgsino production in SUSY scenarios with a compressed mass
spectrum — ∙Yuval Nissan, Sam Bein, Peter Schleper, and Gudrid

Moortgat-Pick—Universität Hamburg

A search for leptonic decays of Higgsino-like neutralinos in the case of a com-

pressed mass spectrum using two so� lepton tracks and missing transverse mo-

mentum is presented. We consider the case of a second-lightest neutralino de-

caying into a dark matter candidate - lightest neutralino - and two leptons via an

o�-shell Z boson. In the case of a small mass di�erences between the neutrali-

nos, the leptons produced are very so�, making them di�cult to reconstruct at

CMS. Signals of di�erent mass splitting are probed and interpreted within a set

of simpli�ed models. Multivariate discriminants are employed in the event and

object-level selection, and their performance is studied.

T 9.2 Mon 16:30 T-H22
Search for Higgsinos in �nal states with a low-momentum, displaced track
at the CMS experiment — Samuel Bein, Yuval Nissan, Peter Schleper,

Alexandra Tews, and ∙MoritzWolf—Universität Hamburg

Many supersymmetric extensions to the Standard Model predict the three

lightest electroweakinos, χ02 , χ
±
1 , χ

0
1 , to be Higgsino-like with similar masses

around the electroweak scale. �e lightest chargino and the second-lightest

neutralino can be pair-produced and decay to the lightest neutralino. To

search for these particles, the best strategy depends on the di�erences between

their masses. For Δm(χ02 , χ
0
1 ) > O(1GeV) lepton pairs from the decay of the

second-lightest neutralino leave an experimentally distinct signature, whereas

Δm(χ±1 , χ
0
1 ) ≲ 0.3GeV can lead to the chargino giving rise to a disappearing

track. However, mass splittings in the range of Δm(χ±1 , χ
0
1 ) = 0.3 − 1.0GeV are

still unexplored at the LHC.

In this analysis, a slightly displaced track with lowmomentum, corresponding

to a pion originating from the chargino decay, is used to gain sensitivity to this

intermediate range of mass splittings.

T 9.3 Mon 16:45 T-H22
Search for disappearing tracks with the CMS experiment at $s = 13 TeV
— ∙Viktor Kutzner1, Samuel Bein1

, Seh Wok Lee
2
, Sang-Il Pak

2
, Pe-

ter Schleper
1
, and Sezen Sekmen

2
—

1
Institute for Experimental Physics,

Hamburg University, Luruper Chaussee 149, D-22761 Hamburg, Germany —
2
Kyungpook National University, Daegu, South Korea

Long-lived heavy particles are o�en predicted in BSM theories with a small mass

splitting between the two lightest new particles, for example a chargino and a

neutralino in supersymmetry. Given a su�ciently small mass splitting in the

range of mπ ≲ Δm ≲ 200 MeV, the chargino is expected to decay in the CMS

tracker volume into so� non-reconstructed leptons or hadrons and a lightest su-

persymmetric particle, leaving a short track that then seems to disappear. �is

signature is characterized by missing hits in the outer layers of the tracker with

little or no energy deposited in the calorimeter. In addition to events with one

or more disappearing tracks, events with an additional lepton are considered as

well to account for a second very long-lived chargino, which decays outside the

tracker volume. For both topologies events with additional b-quark jets are in-

vestigated to account for gluino-/squark-associated chargino production. Data-

driven methods are used to determine the dominant backgrounds arising from

prompt leptons and fake tracks. Results are presented using proton-proton col-

lision data with$s = 13 TeV collected with the CMS experiment during Run-2.

T 9.4 Mon 17:00 T-H22
Search for Elektroweak Production of Sleptons in Di-Lepton Final States
with the ATLASDetector— ∙Marian Rendel, MichaelHolzbock, Hubert

Kroha, and Sandra Kortner — Max-Planck-Institut für Physik (Werner-

Heisenberg-Institut)

Supersymmetry (SUSY) is one of the best studied extensions of the Standard

Model (SM) and as such a major part of the ATLAS physics program. SUSY sce-

narios with light scalar partners of the SM leptons (sleptons) and the neutralino

as lightest SUSY particle (LSP) may address the observed muon g-2 anomaly,

as well as provide a viable candidate for Dark Matter, and are thus of particular

interest. �e kinematic properties of �nal states in events with pair-produced

sleptons primarily depend on the mass splitting (Δm) between the sleptons and
the LSP. Two complementary ATLAS searches targeting large and small mass

splittings, respectively, have been published. However, there remains a sensitiv-

ity gap in the intermediate region of moderate mass splittings between 20 GeV

and 60 GeV.

In this talk, a new search for sleptons in events with an electron or muon pair

produced with an initial–state radiation jet, is presented which particularly aims

at closing the sensitivity gap.

�e design of the signal region and the background estimation strategies are

introduced and the expected sensitivity using 139 fb
−1
LHC proton–proton col-

lision data collected by the ATLAS experiment during the years of 2015 and 2018

is presented.

T 9.5 Mon 17:15 T-H22
Search for supersymmetry in single lepton events with the full Run 2 data
— ∙Frederic Engelke4,5, Kerstin Borras4,5, Kimmo Kallonen3

, Henning

Kirschenmann
3
, Pantelis Kontaxis

1
, Dirk Krücker

4
, Isabell Melzer-

Pellmann
4
, AshrafMohammed

4,5
, Paris Sphicas

1,2
, CostasVellidis

1
, and

Lucas Wiens
4
—

1
University of Athens —

2
CERN —

3
Helsinki Institute of

Physics —
4
DESY —

5
RWTH Aachen IIIA

Results are presented from a search for supersymmetry in events with a single

electron or muon, and multiple hadronic jets. �e data corresponds to a sam-

ple of proton-proton collisions at $s = 13 TeV with an integrated luminosity of

138 fb
−1
, recorded by the CMS experiment at the LHC.

We use the angular correlation between the lepton and the W boson’s trans-

verse momenta for a strong separation between the signal and the background

region. �e investigation of the two di�erent signal models bene�ts from im-

proved top and W tagging methods.

�e search targets gluino pair production, where the gluinos decay into the

lightest supersymmetric particle (LSP) and either a top quark-antiquark pair or

a pair of light quarks in the �nal state.

T 9.6 Mon 17:30 T-H22
Reconstruction of the displaced τ for the long-lived τ slepton searches at
CMS — ∙Mykyta Shchedrolosiev

1
, Konstantin Androsov

2,3
, Andrea

Cardini
1
, DirkKrücker

1
, and IsabellMelzer-Pellmann

1
—

1
DESY,Ham-

burg, Germany —
2
École polytechnique fédérale de Lausanne —

3
ETH Zurich

Supersymmetric scenarios with long-lived tau sleptons are well motivated, e.g.

within gauge mediated symmetry breaking scenarios. Direct searches of �τ →
τ �χ10 are limited by the reconstruction e�ciency of displaced tau leptons at CMS
that are produced up to 50 cm away from the IP. In our study, we explore the op-

timization of the displaced τ lepton reconstruction using deep neural networks
for the corresponding stau searches.

T 9.7 Mon 17:45 T-H22
Constraints on Supersymmetry from Collider Searches and Other Experi-
ments— Samuel Bein, ∙MalteMrowietz, and Peter Schleper— Univer-

sität Hamburg, Institut für Experimentalphysik

Constraints from 13 TeV LHC searches for supersymmetry and other experi-

ments on the minimal supersymmetric standard model (MSSM) are evaluated

in the context of the 19-parameter phenomenological MSSM (pMSSM). Com-

plementarity and possible tension between the LHC data, the recent g-2 result,

and direct detection experiments are examined.

T 9.8 Mon 18:00 T-H22
Study of the chargino discovery at FCC-hh and inner tracker proposition—
∙Cédrine Hügli—DESY, Zeuthen, Germany
�e StandardModel has been shown to be an incomplete theory.�emost popu-

lar theory beyond the SM is Supersymmetry (SUSY). Up to now, no evidence for

any of the SUSY particles was found, it was only possible to set exclusion regions

and limits on their properties.�e post LHC era Future Circular Collider (FCC)

with a center of mass energy of 100 TeV could be a new possibility to �nd SUSY

particles. In this work the discovery potential of the pure wino (higgsino) with

mass 3 TeV (1 TeV) and average lifetime 0.2 ns (0.023 ns) at FCC-hh is studied

in the context of the Minimal Supersymmetric Standard Model with Anomaly

Mediated Supersymmetry breaking (tan(β) = 5,m0 = 20 TeV and si дn(μ) > 0).

Using simulations of minimum bias events and single chargino interactions in

the reference design of the tracker, the fake rate is estimated. Additionally, the

in�uence of the tracker performance on the discovery potential is studied. �e

fake rate is then used to predict the �nal discovery potential of the wino (hig-

gsino) at FCC-hh.�e possible mass reach for charginos at FCC-hh is found and

the mass prediction possibility is studied.

T 9.9 Mon 18:15 T-H22
SUSY at future colliders - an overview — ∙Mikael Berggren — Deutsches

Elektronen-Synchrotron DESY, Notkestr. 85, 22607Hamburg

A study of the prospects for discovering or excluding SUSY at various proposed

future colliders is presented. �e study is based on scanning the relevant pa-

rameter space of (weak-scale) SUSY parameters. In particular, I concentrate on

the properties most relevant to evaluate the experimental prospects: mass dif-

ferences, lifetimes and decay-modes.�e observations are then confronted with

estimated experimental capabilities, including - importantly - the detail of sim-

ulation these estimates are based upon. Conclusions on realistic prospects are

presented.
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T 10: Search for New Particles -1
Time: Monday 16:15–18:30 Location: T-H23

T 10.1 Mon 16:15 T-H23
Combination of diboson resonance searches with CMSRun2 data— ∙Enrico
Wendrich

1
, Anna Albrecht

1
, Irene Zoi

2
, Ankita Mehta

1
, and Andreas

Hinzmann
1
—

1
Universität Hamburg, Institut für Experimentalphysik, Luruper

Chaussee 149, Hamburg, Germany —
2
Fermilab, Batavia IL, USA

In many extensions of the standard model, we have new physics resonances de-

caying to boson pairs.�is talk focuses on new resonances decaying into a pair

of W, Z and H bosons. Searches in two channels (fully hadronic VV and semi-

leptonic VW) are statistically combined to receive a higher sensitivity for the

upper cross section limits and the expected sensitivity is presented.�e searches

are based on CMS proton-proton collision data at 13 TeV, corresponding to an

integrated luminosity of 138/fb.

T 10.2 Mon 16:30 T-H23
Search for high-mass dilepton resonances in association with b-jets with the
ATLAS detector at$s=13TeV—Volker Austrup, Frank Ellinghaus, Jens
Roggel, and ∙Maren Stratmann— Bergische Universität Wuppertal

Potential deviations from the StandardModel predictions observed in decay pro-

cesses involving a b → s quark transition hint at Beyond StandardModel physics.
One possible explanation for the deviations is the existence of a new heavy vector

boson, the Z’, which couples only to quarks of the second and third generation.

In this talk, the status of a search for a le�handed Z’ produced in association with

jets originating from b or s quarks is presented.�e search is carried out in the
dileptonic Z’ decay channel. An overview of the analysis strategy, including two

di�erent approaches for de�ning a signal region, is given and a preliminary limit

on the Z’ production cross section is set.

T 10.3 Mon 16:45 T-H23
Search for heavy resonances in ATLAS experiment in events with four top �-
nal state— ∙Elizaveta Sitnikova, Krisztian Peters, AliciaWongel, and

Philipp Gadow—DESY, Hamburg, Germany

A search for heavy resonances in the four-top-quark �nal state is presented.�is

search provides a uniqueway to probe new physics, such as top-philic resonances

(Z�
) produced in association with top quarks (ttZ�

) resulting in events contain-

ing four top-quarks.�e study was performed using data of proton-proton colli-

sions with center-of-mass energy of 13 TeV collected by the ATLAS experiment

at the LHC in 2015-2018 with total luminosity of 139 fb
−1
. Selected events con-

tain a single lepton in association with multiple jets and are categorized into

signal regions according to the multiplicity of jets and how likely these contain

b-hadrons. In this presentation we will outline the analysis strategy and discuss
the results which are interpreted in a model independent way, as well as in terms

of a simpli�ed model for top-philic resonances.

T 10.4 Mon 17:00 T-H23
Search for heavy resonances decaying to top quark pairs at CMS— ∙Ksenia
de Leo

1
, Johannes Haller

1
, Roman Kogler

2
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1
, and

Matthias Schröder
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—

1
Institut für Experimentalphysik, Universität Ham-

burg —
2
DESY, Hamburg

A search for new heavy resonances decaying to top quark pairs is presented.�e

analysis uses pp-collision data with a center-of-mass energy of 13 TeV, collected

with the CMS experiment during Run-2 of the LHC.�e data correspond to an

integrated luminosity of 137 fb
−1
.

�e search is performed in �nal states with one lepton, missing transverse en-

ergy and jets, and exploits top-tagging techniques to identify the hadronic decay

of top quarks. Amulti-class neural network has been developed to categorise the

events into the main backgrounds from known standard model processes. Ex-

clusion limits on the production cross section of new particles are set for di�erent

benchmark models. While the main target of the analysis is the highest possible

mass region, improvements have been implemented to increase the sensitivity

for masses below 1 TeV, important for models where a scalar or pseudo-scalar

particle decays to top quark pairs.

T 10.5 Mon 17:15 T-H23
A search for pair production of excited top quarks t* at CMS— ∙Finn Labe1,
Johannes Haller

1
, Roman Kogler

2
, Artur Lobanov

1
, and Matthias

Schröder
1
—

1
Institut für Experimentalphysik, Universität Hamburg —

2
DESY

A search for pair production of excited top quarks t∗ in the decay channel
t∗t∗ → t дt д is presented. �e search uses proton-proton collision data at a
center-of-mass energy of 13 TeV, collected with the CMS experiment during

Run 2 of the LHC, corresponding to a total integrated luminosity of 137 fb
−1
.

�e analysis is performed in the lepton+jets �nal state, where the fully hadronic

decay of the highly boosted top quark is identi�ed with top tagging techniques.

For discrimination of signal from background, a deep neural network is used,

which is decorrelated from the sum of all object momenta ST using a "designing
decorrelated taggers" (DDT) approach. Distributions of signal and background

events of ST are used to evaluate the expected sensitivity of the search, which
yields promising results over the full mass range analyzed.

T 10.6 Mon 17:30 T-H23
Categorizing �nal states and deriving limits on ALPs coupling to the SM
Higgs boson in multiphoton events with ATLAS— Peter Krämer, Kristof
Scmieden, Matthias Schott, and ∙Olivera Vujinović— Johannes Guten-
berg University, Mainz, Germany

Some puzzling questions in particle physics, such as the strong CP problem or

the discrepancy of the muon magnetic moment could be solved by introduc-

ing light scalar or pseudo-scalar axion-like particles (ALPs).�eoretical models

allow a wide range of ALP-masses and couplings to SM particles such as pho-

tons and the Higgs boson.�erefore, parts of the ALP parameter space could be

investigated with collider experiments like the ATLAS experiment at the LHC.

In the ongoing analysis, we search for the SM Higgs boson decaying into a

pair of ALPs further decaying into two photons each. Depending on ALP prop-

erties such as mass and their coupling to photons, the signal is expected to form

di�erent �nal states, ranging from 2 to 4 photons. Each �nal state requires a

dedicated approach to deriving the desired limits. In this talk it will be discussed

which �nal states are expected, how they can be accessed and categorized.

T 10.7 Mon 17:45 T-H23
Multivariate photon classi�cation for an analysis aiming to derive limits
on ALPs coupling to the SM Higgs boson in multiphoton events — ∙Peter
Krämer, Kristof Schmieden, Matthias Schott, and Olivera Vujinovic

— Johannes Gutenberg Universität Mainz

Some puzzling questions in particle physics, such as the strong CP problem or

the discrepancy of the muons magnetic moment could be solved by introducing

light scalar or pseudo-scalar axion like particles (ALPs).�eoretic models allow

a wide range of ALP-masses and couplings to SM particles such as the photon

and the Higgs boson. �erefore, parts of the ALPs parameter space could be

investigated with collider experiments like the ATLAS experiment at the LHC.

In the present analysis we search for SM Higgs bosons decaying to a pair of

ALPs further decaying to two photons each. Depending on the mass of the ALP,

the kinematic of the decay photons di�er a lot. Especially for low ALP masses,

the photons experience a Lorentz-boost which results in highly collinear pho-

tons. �ese collinear photons are not recognized by standart ATLAS photon

reconstruction algorithms.

In this talk I want to discuss how events with highly collimated photons can

be distinguished from H → γγ events using multivariate techniques.

T 10.8 Mon 18:00 T-H23
Search for Axion-Like Particles in Non-Resonant tt̄ Production Using Lep-
ton+Jets Final States with the CMS Detector — ∙Henrik Jabusch1

, Kse-
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1
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2
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We search for signs of axion-like particles (ALPs) in top quark pair production at

the LHC. In high-energy proton-proton collisions, ALPs could arise as o�-shell

mediators. Employing amodel-independent e�ective �eld theory approach with

ALP couplings to gluons and top quarks, ALPs lead to non-resonant signatures

modifying the shape of the invariant mass distribution of the t̄t system.

Our search targets these signatures using 137 fb
−1
of pp collision data at

$s = 13 TeV recorded with the CMS detector. Focusing on lepton+jets �nal

states, we utilize a deep neural network for event classi�cation and constrain

the ALP-top quark coupling for the �rst time.

T 10.9 Mon 18:15 T-H23
Searching for ALPs in Light-by-light Scattering in pp Collisions Using
AFP Proton Tagging with the ATLAS Detector — Peter Bussey

1
, Tomas

Chobola
2
, Petr Dostal

2
, ∙Hussain Kitagawa3, Patrick Odagiu4

, Rafal

Staszewski
5
, André Sopczak

2
, Gen Tateno

6
, Junichi Tanaka
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University of Glasgow —
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CTU in Prague

—
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Okayama University —

4
EPFL Lausanne —

5
IFJ PAN Krakow —

6
ICEPP

Tokyo —
7
CAS Prague

�e search for an Axion-Like-Particle (ALP) is being performed using about

20 fb
−1
data recorded with the ATLAS experiment and the ATLAS Forward Pro-

ton (AFP) detector in 2017. �e two components of the AFP detector are po-

sitioned symmetrically at approximately 220m on either side of the interaction

point near the beam pipe and are used to measure the kinematics of surviving

protons.�e high-mass diphoton spectrum is studied for the search for an ALP

mediated by light-by-light scattering. �e investigated mass range is between

0.1 TeV and 2 TeV ALP with a typical coupling д = 1TeV
−1
. A blinding strat-

egy is established, and an optimization of the acoplanarity angle is performed. A

Functional Decomposition study for the background modeling is applied.
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T 11: Gaseous Detectors
Time: Monday 16:15–18:15 Location: T-H24

T 11.1 Mon 16:15 T-H24
Photon Detection by Structured Converter Layers in Micro-Pattern Gaseous
Detectors — ∙Katrin Penski, Otmar Biebel, Stefanie Götz, Vitaliy
Havrylenko, Ralf Hertenberger, Christoph Jagfeld, Maximilian Rin-

nagel, Chrysostomos Valderanis, and Fabian Vogel— LMUMünchen

Micro-PatternGaseousDetectors are high-rate capable with excellent spatial and

temporal resolution. Developed for the detection of charged particles, the low

density in the active gas volume of these detectors exhibit only a poor detec-

tion e�ciency for electrically neutral particles. For photons the detection via the

photoelectric e�ect can be increased using a solid converter cathode, which is

made of high-Z materials. With our novel approach the detection e�ciency can

be optimized by incorporating several converter plates, which are mounted par-

allel to the electric dri� �eld in the detector. With an optimized electric �eld, the

created electrons are guided out of the conversion volume. Firstmeasurement re-

sults are presented and compared to corresponding simulations.�is technique

allows for higher photon detection e�ciencies and more sensitive equipment,

which might be applied to modern astrophysics, material research or medical

physics.

T 11.2 Mon 16:30 T-H24
Characterisation of a neutron source using MICROMEGAS detectors —
∙StefanieGötz, Otmar Biebel, VitaliiHavrylenko, RalfHertenberger,
Christoph Jagfeld, KatrinPenski, MaximilianRinnagel, Chrysostomos

Valderanis, and Fabian Vogel— LMUMünchen

MICROMEsh GAseous Structure detectors (Micromegas) are high-rate capable

micro-structured gaseous detectors with high spatial resolution due to small-

scale readout strip pitch. �is study uses the Micromegas detector technology

to characterise the intensity pro�le and the interaction probability of the radi-

ation composition of a 10GBq Am-Be neutron source. �e detector response

from the neutron source is evaluated for di�erent source positions relatively to

the detector. Pieces of plastic and lead for radiation shielding allow di�erentiat-

ing between neutrons and gamma radiation when placed on the detector, thus

disentangling the detector response of photons and neutrons. �e interaction

rate of the MeV neutrons and gammas is determined using random triggers.

From the source characteristics, an interaction rate of 12MHz is expected in a

40 × 150 cm
2
Micromegas detector with 1000 strips which corresponds to 6 ac-

cidental hits per trigger. �e goal is to resolve the beam pro�le of the neutron

source in both horizontal and lateral direction.

T 11.3 Mon 16:45 T-H24
Particle position reconstruction using a segmented GEM foil in a micro-
structured gaseous detector — ∙Christoph Jagfeld, Otmar Biebel, Ste-
fanie Götz, Vitalii Havrylenko, Ralf Hertenberger, Katrin Penski,

Maximilian Rinnagel, Chrysostomos Valderanis, and Fabian Vogel —

LMU, München

In Micromegas (Micro-MEsh GAseous Structures) detectors, a modern form of

micro-pattern gaseous detectors, the signal is usually read out via readout strips

on the anode.�e signal created at the mesh is usually neglected for the particle

position reconstruction. By replacing the mesh with a GEM (Gas Electron Mul-

tiplier) foil, which is segmented into 0.5 mm wide readout strips on one side,

the particle position can be determined from the GEM foil signal as well. If the

strips on the GEM foil are orientated perpendicular to the anode readout strips, a

particle position can be reconstructed in two spatial coordinates without adding

a second layer of readout strips on the anode. CERN test beam measurement

results are presented.�ese show a good good particle reconstruction e�ciency,

spatial and angular resolution of this GEM-Micromegas concept.

T 11.4 Mon 17:00 T-H24
Research and Development of an Electret based Gasseous Detector —
∙VitaliiHavrylenko, Otmar Biebel, StefanieGötz, RalfHertenberger,
Christoph Jagfeld, KatrinPenski, MaximilianRinnagel, Chrysostomos

Valderanis, and Fabian Vogel— LMU, München

Gaseous ElectronMultiplier (GEM) detectors require a high electric �eld for the

signal ampli�cation. In order to simplify the operation of such a detector sys-

tem, e.g. for use on X-ray astronomy satellites the GEM foil will be replaced by

an electret GEM foil. An electret is a material that conserves an internal polari-

sation, thus creating an electrostatic potential on a long time scale.�is detector

does not need an external HV supply. Results of di�erent techniques of elec-

tret production are presented. Di�erent bipolar epoxies were hardened in strong

electric �elds yielding a static polarization which can be observed by the induced

voltage. Furthermore, Te�on is charged via corona-discharges. �e voltage de-

pendence on time is measured for all electret samples and compared. Potential

up to 1000 V stable over multiple days are reported.

T 11.5 Mon 17:15 T-H24
Prototype of a Cherenkov position sensitive Micromegas — ∙Maximilian

Rinnagel, Otmar Biebel, Stefanie Goetz, Christoph Jagfeld, Katrin

Penski, Chrysostomos Valderanis, Fabian Vogel, and Ralf Herten-

berger— LMUMünchen
etectors utilizing the Cherenkov e�ect are well established for particle identi�ca-

tion of charged particles in detector systems such as LHCb or HADES. In reverse

it is possible to determine the momentum of a known particle by measuring the

opening angle of the Cherenkov cone in Cherenkov media. Our goal with this

10x10 cm
2
prototype is a proof of principle using cosmic muons. A traversing

muon creates around 1500 Cherenkov photons in our 19mm thick ultra-violet

transparent Lithium Fluoride (LiF) crystal (diameter 50mm; UV optical refrac-

tive index 1.5).�e conversion to electrons happens in transmission in a photo-

sensitive CsI layer evaporated onto a 5 nm Cr layer, both applied to the bottom

of the radiator. High voltage of -300V, at the Cr layer, guides the ionization and

photoelectrons into the dri� region of a Micromegas gaseous micro pattern de-

tector. First results utilizing muon tracks reconstructed from reference detectors

will be shown.�e typical signal shape of this detector as well as the spatial po-

sition reconstruction are compared to the Micromegas detector without the LiF

Cherenkov radiator.

T 11.6 Mon 17:30 T-H24
Test of ATLASMicromegas detectors with a ternary gas mixture at the CERN
GIF++ facility — ∙Fabian Vogel, Otmar Biebel, Stefanie Götz, Vitaliy
Havrylenko, Ralf Hertenberger, Christoph Jagfeld, Katrin Penski,

Maximilian Rinnagel, and Chrysostomos Valderanis— LMUMünchen

�e ATLAS collaboration at LHC has chosen the resistive Micromegas technol-

ogy, along with the small-strip�in Gap Chambers (sTGC), for the high lumi-

nosity upgrade of the �rst muon station in the high-rapidity region, the New

Small Wheel (NSW) project. Four di�erent sizes of Micromegas quadruplets

have been constructed at four construction sites in Italy (SM1), Germany (SM2),

France (LM1) and CERN/Greece/Russia (LM2). Achieving the requirements
for these detectors revealed to be even more challenging than expected. One of

the main features being studied is the HV stability of the detectors. Several ap-

proaches have been tested in order to enhance the stability, among them the use

of di�erent gas mixtures. A ternary Argon-CO2-iC4H10 mixture has shown to

be e�ective in dumping discharges and dark currents. It allows the operation of

the Micromegas detectors at safe working points with high cosmic muon detec-

tion e�ciency.�e presence of Isobutane in the mixture required a set of aging

studies, ongoing at the GIF++ radiation facility at CERN, where the expected HL

LHC background rate is created by a
137
Cs 14 TBq source of 662 keV photons.

Preliminary aging results and e�ectiveness of the ternary mixture will be shown.

T 11.7 Mon 17:45 T-H24
�e In�uence of Oxygen Defects at Measurements with a MicroMegas De-
tector Filled with an Ar-CO2 Gas Mixture — ∙Burkhard Böhm1

, Deb

Sankar Bhattacharya
1,2
, Thorben Swirski

1
, and Raimund Ströhmer

1
—

1
Universität Würzburg —

2
INFN Trieste

In particle physics, Micro-Pattern Gaseous Detectors (MPGD) �nd high usage

in di�erent experiments like ATLAS, CMS or ALICE. In this study MicroMegas

(MM) - a special type of MPGDs - are researched in terms of O2 contamination.

�ey are well known for their simple single-stage ampli�cation, high and stable

gain and excellent spatial and temporal resolutions.�ese detectors can be con-

taminated by O2 from the air and due to the electronegativity of O2, electrons

in the gaseous detector can be captured. Hence, even a low concentration of O2

has an impact on the detector performance. By precisely controlled in�owing

of O2 inside a resistive MicroMegas chamber, the e�ect on the gas-gain,mainly

due to attachment in the dri� region, and the ampli�cation of the number of

primary electrons are studied. In parallel to the experimental study numerical

investigations were done to estimate the ampli�cation gap from the comparison

of the simulated to the measured signal.

T 11.8 Mon 18:00 T-H24
A GridPix detector for IAXO — ∙Tobias Schiffer, Klaus Desch, Jochen
Kaminski, Sebastian Schmidt, and Markus Gruber—Physikalisches Insti-

tut der Universität Bonn
In the scope of the search for axions with helioscopes, like the International Ax-

ion Observatory (IAXO) and its precursor BabyIAXO, detectors capable of mea-

suring low energy X-rays down to the 200 eV range are necessary. For this pur-

pose the GridPix detector, which was already successfully used at CAST, is an

appropriate and constantly evolving solution.

�e GridPix is a MicroMegas like readout consisting of a pixelized readout

ASIC (Timepix/Timepix3) with a perfectly aligned gas ampli�cation stage on

top. Due to the very high granularity this detector is capable of detecting single

electrons allowing the measurement of low energy X-rays. To convert these X-
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rays into electrons a gas volume is built above the readout sealed with a vacuum

tight X-ray entrance window.

For the goals of IAXO and BabyIAXO a very low detector background needs

to be achieved, therefore only a few radiopure materials are contemplable. Also

a good o�ine separation of signal and background events is to be achieved, here

the insights from the CAST detector are used. Further, to get more signal the

X-ray entrance window needs to be as transparent as possible for the low energy

X-rays.�is is achieved with an ultra thin (<200 nm) silicon nitride membrane.

�e challenges of the design process and some �rst results of the detector will

be presented.

T 12: Pixel Detectors
Time: Monday 16:15–18:30 Location: T-H25

T 12.1 Mon 16:15 T-H25
ATLAS ITk Pixel Detector Quad Module Building and Testing for the HL-
LHCUpgrade— JörnGrosse-Knetter, ArnulfQuadt, ∙Yusong Tian, and
Hua Ye— II. Physikalisches Institut, Georg-August-Universität Göttingen

In the ATLAS detector upgrade for the High-Luminosity LHC (HL-LHC), the

current Inner Detector will be upgraded to an all-silicon Inner Tracker (ITk), to

operate under higher occupancy and radiation damage resulting from the higher

luminosity. �e pixel detector is the inner-most layer of the ITk, shaped like a

cylinder with about 0.4m radius and 6m long. It is assembled with barrels and

end-cap rings made of single and quad-chip modules. Each module is assem-

bled with a bare module and a printed circuit board (PCB). A quad bare module

consists of one sensor bump-bonded to 4 front-end readout chips. RD53A is the

name for the front-end readout chip prototype, the name for the �nal version is

ITkPix. �e modules are referred to with the name of the front-ends. �is talk

shows the module assembly and testing results.

T 12.2 Mon 16:30 T-H25
ITk-pixel outer barrel demonstrator — Jörn Grosse-Knetter

1
, Susanne

Kühn
2
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1
II. Physikalisches Institut, Georg-August-Universität Göttingen —

2
CERN
For the upgrade of the LHC to the High-Luminosity-LHC, the ATLAS tracking

detector will be replaced with a pure silicon detector, the Inner Tracker (ITk),

as the higher luminosity requires radiation hard components that can deal with

higher occupancies and radiation. Given the close proximity to the interaction

point, the environment is especially challenging for the pixel detector which will

comprise quad chip modules for outer barrel layers.

In order to characterize and test ITk-pixel prototype quad modules, up to 40

modules are built and tested for the outer barrel demonstrator. �is so-called

demonstrator is a larger structure which features some of the �nal mechanics to

test the system functionalities. Systems like an interlock need to be implemented

and tested and the modules behaviour before and a�er being powered in serial

needs to be examined to allow for thorough tests.

A�er having done initial tests with a preliminary version of the demonstrator

with older modules, the preparation of the set-up and commissioning of the new

demonstrator is currently ongoing.

�is talk will give an overview over the current state of the demonstrator,

explain the set-up and summarize the potential tests to be performed on the

demonstrator.

T 12.3 Mon 16:45 T-H25
Testing of loaded local supports of the ATLAS Inner Tracker— ∙WaelAlka-
khi, JoernGrosse-knetter, and ArnulfQuadt—II. Physikalisches Institut,

Georg-August-Universität Göttingen

During the third long shut down (LS3) of the Large Hadron Collider (LHC),

a high luminosity upgrade takes place in which the instantaneous luminosity

reaches 7.5 × 10
34
cm

−2
s
−1
in Run 4. �e current inner detector of the ATLAS

experiment is going to be replaced by inner tracker (ITk). ITk is composed of

a pixel detector surrounded by a strip detector. �e pixel detector consists of 5

layers where the �rst 2 layers represent the inner pixel detector and the last 3 lay-

ers represent the outer barrel and the endcap. �e outer barrel consists of 4474

modules. �ese modules are mounted on loaded local supports of which there

are two types : loaded longeron and loaded inclined half ring. Due to the large

number of elements used during the assembly and production of the ITk, the

ITk production database is used to store and track the information of the ITk

components. Moreover a graphical user interface (GUI) is used to ease working

with the ITk production database during the production of the ITk outer barrel.

�is talk introduces the integration procedure of modules to local supports.

Moreover it demonstrates my contribution to the implementation of the loaded

local supports in the ITk production database and the GUI developments.

T 12.4 Mon 17:00 T-H25
ATLAS ITKPixWaferprobing— ∙Mark Standke, Yannick Dieter, Tomasz

Hemperek, Florian Hinterkeuser, Fabian Hügging, Hans Krüger,

David-Leon Pohl, Marco Vogt, and Jochen Dingfelder — Forschungs-

und Technologie-Zentrum Detektorphysik - Kreuzbergweg 26, 53115 Bonn

Wafer-probing is a process, in which each individual chip is tested for its key

function parameters on wafer level. For this purpose, Bonn has developed a

fast and versatile testing and analysis environment, making large-scale testing

for ATLAS-ITkPix possible. ITkPix is the �rst full-scale 65 nm ATLAS - hybrid

pixel-detector readout chip, developed by the RD53 collaboration. ITkPix con-

sists of more than one billion transistors with high triplication ratio in order to

cope with high particle and therefore radiation densities at the heart of ATLAS.

�e chips will be located as close as possible to the interaction point to opti-

mize impact parameter resolution. ITkPix features a single low power, low noise

analog front-end to ensure high readout speeds and low detection thresholds.

A failure of such chips at the heart of ATLAS is assumed to be hard to correct.

�erefore, thorough testing is necessary.�is talk will give an overview over the

testing environment, while summarizing the latest results and performance of

ATLAS’s future inner tracker performance driver, ITkPix.

T 12.5 Mon 17:15 T-H25
Bump bond stress tests with ITk-Pixel-style daisy-chain modules through
thermal cycling — Jörn Grosse-Knetter, ∙Steffen Korn, and Arnulf
Quadt— II. Physikalisches Institut, Georg-August-Universität Göttingen

For the upgrade of the LHC to the HL-LHC, the Inner Detector will be replaced

by the fully silicon-based Inner Tracker Detector (ITk). �e pixel detector of

the ITk uses hybrid modules where sensor and readout chips are connected by

bump bonds. Early ITk module prototypes highlighted these bump bond con-

nections as a possible point of failure in future ITk Pixel modules when exposed

to thermally induced stress. In order to investigate this issue, daisy chain mod-

ules with realistic bump bond pitch were tested before and during exposure to

thermal stress through cycling in a thermal shock chamber using a dedicated

in-situ method in Goettingen.�e results of these tests using di�erent modules

with di�erent assembly options are presented in this talk.

T 12.6 Mon 17:30 T-H25
Pixel front-end masking and DQ monitoring — Marcello Bindi, Jörn

Grosse-Knetter, ∙Andreas Kirchhoff, and Arnulf Quadt — II.

Physikalisches Institut, Georg-August-Universität Göttingen, Göttingen, Ger-

many

During Run 2 of the LHC, the ATLAS tracking so�ware masked non-working

pixel modules for o�ine reconstruction.�e masking itself is applied if a mod-

ule does not receive hits. To improve track reconstruction the number of holes

should be reduced. Holes are de�ned as intersections of reconstructed tracks

with sensitive detector elements that did not result in a hit. �ey are estimated

by comparing the hits-on-track with the intersected modules. Inactive modules

are excluded from the hole de�nition. As a consequence, a masked module is

treated in the track reconstruction as if it received always a hit.

�e ATLAS tracking group for Run 3 will increase the granularity of themask-

ing (moving from module to single front-ends) in order to reduce the number

of pixel holes and increase the tracking e�ciency. Hit maps collected at the end

of each run are chosen as input for the front-end masking. Due to the detector

geometry the masking for the di�erent front ends needs to be optimised indi-

vidually.�is talk will present the corresponding studies.

�e second topic of the talk will be data quality monitoring. While taking

data it is extremely crucial to check whether the detector performs as expected

to avoid loss in data. �erefore di�erent monitoring so�ware exists. �is talk

will present the updated so�ware GNAM2 and its current status.

T 12.7 Mon 17:45 T-H25
Data quality monitoring for the ATLAS pixel detector using large radius
tracks—CarmenDiez Pardos, Ivor Fleck, ∙Jan JoachimHahn, and Iskan-
der Ibragimov—Center for Particle Physics Siegen, Experimentelle Teilchen-

physik, Universität Siegen

�e ATLAS detector is a general-purpose detector at the Large Hadron Collider

(LHC) at CERN. Its Inner Detector (ID), used for reconstruction of tracks of

charged particles, consists of four barrel layers and two end-caps of three discs

each of the silicon pixel detector, surrounded by the silicon strip detector and

the transition radiation tracker. During operation of ATLAS, a small fraction of

recorded collision events is reconstructed in real time, providing prompt infor-

mation on the quality of data being taken. For the upcoming LHC Run 3, the

reconstruction of tracks in the ID will include the reconstruction of large radius

tracks (LRT).�ese tracks are of interest for the search of long-lived particles

beyond the Standard Model. With respect to the standard tracks, they are re-

constructed with relaxed constraints on their starting position.�e information
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from LRTs can be used to create additional histograms for monitoring detec-

tor performance during operation of ATLAS.�is talk will discuss how this can

improve data quality monitoring of the pixel detector.

T 12.8 Mon 18:00 T-H25
Measurement of position resolution of small pixel sensors — ∙Amala
Augusthy

1
, Daniel Pitzl

2
, Erika Garutti

1
, and Jörn Schwandt

1
—

1
Institute für Experimentalphysik, Universität Hamburg, Luruper Chaussee

149, 22761 Hamburg, Deutschland —
2
Deutsches Elektronen-Synchrotron,

Notkestraße 85, 22607 Hamburg, Deutschland

In order to cope with the high radiation environment in the phase 3 upgrade of

CMS and ATLAS, pixel detectors with spatial resolution below 1μm will become
necessary. �e resolution of pixel sensors can be improved by reducing their

pitch. However, the pitch of pixel sensors is limited by the read-out electronics.

To study the intrinsic resolution capabilities, non-irradiated pixels sensors

with sizes of 17×150μm2
, 25×100μm2

and 50×50μm2
were tested with 5.2GeV

electron beam at the DESY test beam facility.�e 25 × 100μm2
and 50 × 50μm2

sensors have already been characterized and are being considered for the phase

2 upgrade of the CMS experiment. �e aim of this study is to reduce the pitch

even further to 17μm and investigate its performance.
�ese sensors have a thickness of 285μm and are bump bonded to a low noise

read-out chip ROC4SENS. �e spatial resolution as a function of angle of in-

cidence of the particle is extracted from these measurements. In this talk, the

results of these measurements will be presented.

T 12.9 Mon 18:15 T-H25
Characterisation of planar pixel sensor for the CMS phase-2 upgrade
— ∙Mohammadtaghi Hajheidari

1
, Massimiliano Antonello

1
, Finn

Feindt
2
, Erika Garutti

1
, Daniel Pitzl

2
, Jörn Schwandt

1
, Georg

Steinbrück
1
, Annika Vauth

1
, and Irene Zoi

3
—

1
Universität Hamburg, Lu-

ruper Chaussee 149, 22761 Hamburg, Deutschland —
2
Deutsches Elektronen-

Synchrotron, Notkestraße 85, 22607 Hamburg, Deutschland —
3
Fermilab,

Batavia, IL, 60510, USA

For the High Luminosity phase of the Large Hadron Collider (HL-LHC), the

CMS pixel detector is expected to collect up to 1-MeV neutron equivalent �u-

ence, Φeq , of 2.3 × 10
16
cm

−2
for integrated luminosity of 3000 fb

−1
. �e pixel

detector will be upgraded to withstand this range of �uence.

Planar n-in-p pixel sensors with an active thickness of 150 μm and a pixel size
of 25× 100 μm2

have been produced by Hamamatsu Photonics (HPK) and FBK.

�e sensors were bumped bonded to the RD53A readout chip prototype. �e

sensor-chip modules were irradiated with 23MeV protons to the equivalent �u-

ence of up to 2.4 × 10
16
cm

−2
.

�e modules were investigated in the DESY II beam test facility a�er irradia-

tion.�e hit e�ciency and spatial resolution as a function of the incidence angle

of pixel sensors were determined from these measurements. For non-irradiated

modules, a single hit resolution of 2 μmwas achieved at the optimal angle. For ir-
radiated modules with highest �uence, the single hit e�ciency still reached 98%

at bias voltages below 800V.

T 13: Semiconductor Detectors:Radiation Hardness, new Materials and Concepts
Time: Monday 16:15–18:15 Location: T-H26

T 13.1 Mon 16:15 T-H26
Voltage scans on germanium detectors— ∙Felix Hagemann for the GeDet-
Collaboration —Max-Planck-Institut für Physik, München

Germanium detectors are used in fundamental research to search for neutrino-

less double-beta decay or dark matter. In many of these experiments, a perfect

understanding of the working principle and characteristics of these detectors is

essential.

�e electric �eld inside a germanium detector consists of two main compo-

nents: one resulting from the potentials applied to the contacts to bias the de-

tector, and one from the ionized impurities in the germanium crystal. While the

overall number of ionized impurities can be estimated from Hall measurements

on the surface of the detector, the spatial distribution of the impurities inside the

germanium crystal is not well known. �is results in large uncertainties on the

resulting electric �eld.

One way to probe the impurity density pro�le is through voltage scans. In

voltage scans, the pulses resulting from the same volumes of the detectors are

recorded with di�erent bias voltages applied to the detector. �is way, the con-

tribution from the bias voltage is varied and the constant contribution from the

impurities can be separated and determined. �is also requires reliable pulse

shape simulation.

In my talk, I will present �rst data from voltage scans on a p-type segmented

point-contact germanium detector and compare them to simulation results ob-

tained from the open-source Julia so�ware package SolidStateDetectors.jl to give
an estimate of the impurity density pro�le.

T 13.2 Mon 16:30 T-H26
Eine neue So�ware zur 3D Simulation vonHalbleiterdetektoren - SolidState-
Detectors.jl— ∙Martin Schuster für dieGeDet-Kollaboration—Max-Planck

Insitut für Physik, München, Deutschland

Halbleiterdetektoren, insbesondere aus Silizium und Germanium, haben schon

lange einen festen Platz in zahlreichen Experimenten und Industriefeldern. In

der GeDet (Germanium Detektor Entwicklung) Gruppe am Max-Planck Insti-

tut für Physik werden Germaniumdetektoren genau untersucht. Eine entschei-

dende Rolle spielt dabei der Vergleich von in Testständen aufgenommenen und

simulierten Daten. In der Gruppe wurde eine neue ”Open Source” So�ware in

der jungen Programmiersprache Julia geschrieben, mit der das Verhalten aller

auf Dioden basierenden Halbleiterdetektoren simuliert werden kann. Das Pa-

ket ermöglicht die schnelle Berechnung der elektrischen Potentiale und Felder

und bietet die Möglichkeit der Pulsformsimulation basierend auf der Dri� der

Ladungsträger. Das Einlesen von GEANT4-generierten Ereignissen ist möglich.

In diesem Vortrag werden die Funktionsweise und Möglichkeiten der So�wa-

re erläutert. Als Beispiel dient ein vierfach segmentierter n-Typ Punktkontakt -

Germaniumdetektor.

T 13.3 Mon 16:45 T-H26
In�uence of radiation damage on the absorption of near-infrared light in sili-
con— ∙AnnikaVauth, RobertKlanner, and Jörn Schwandt—Institut für
Experimentalphysik, Universität Hamburg, Luruper Chaussee 149, Hamburg

Radiation damage of silicon sensors is an important area of investitation in high

energy physics today. Frequently, red and near-infrared light is used to gen-

erate electron-hole pairs to study the charge collection e�ciency of radiation-

damaged silicon sensors. In order to determine the absolute number of produced

charge carriers, the light absorption coe�cient, α, has to be known.
To study the change of α due to radiation-induced defects, we have mea-

sured the transmission of light with wavelengths between 1-2 μm through sil-
icon samples irradiated to 1 MeV-neutron-equivalent �uences between 0 and

1 × 10
17
cm

−2
.

In this contribution, the results of these measurements will be presented: the

contribution of the irradiation to α was found to scale with �uence for the entire
�uence range investigated. In the wavelength region around 1.8 μm, evidence
for the production of the radiation-induced divacancy defect V0

2i with a density
approximately proportional to the �uence was found. A decrease of the e�ective

band gap of silicon with irradiation �uence will be shown, up to a reduction of

about 60meV for a �uence of 1 × 10
17
cm

−2
.

T 13.4 Mon 17:00 T-H26
Studies of irradiated ATLASpix3.1 sensors for the LHCb MightyTracker —
∙Jan Hammerich for the LHCb MightyTracker group-Collaboration — Uni-

versity of Liverpool, Liverpool, United Kingdom

�e Mighty Tracker is a proposed upgrade to the downstream tracking system

of LHCb for operations at luminosities of up to 1.5× 10
34
cm

−2
s
−1
starting with

the LHC Run 5 data taking period. It foresees the replacement of the most cen-

tral area of the current scintillating �bre tracker with High Voltage CMOS (HV-

CMOS) pixel sensors. HV-CMOS sensors have demonstrated a signi�cant radia-

tion tolerance and good performancemaking them an ideal choice of technology

for the LHCb experiment.

Monolithic Active Pixel Sensors (MAPS) fabricated in HV-CMOS processes

provide fast charge collection via dri� and allow the implementation of the read-

out on the same die as the sensitive volume. Due to the use of commercial pro-

cesses, these sensors can be fabricated at low cost as no hybridisation with bump

bonds is required. Since they are not fully depleted, the inactive volume can be

thinned away.

A dedicated sensor called the MightyPix is developed for this programme. It

is based on the HV-MAPS families MuPix and ATLASpix and tailored to the re-

quirements of LHCb. To demonstrate the feasibility of this technology for the

LHCb environment, ATLASpix3.1 sensors have been irradiated. �ese sensors

are studied in terms of time resolution and power dissipation in a temperature

controlled environment.

T 13.5 Mon 17:15 T-H26
Full-size passive CMOS sensors for radiation tolerant hybrid pixel detec-
tors — ∙Yannick Dieter1, Michael Daas

1
, Tomasz Hemperek

1
, Fabian

Hügging
1
, Hans Krüger

1
, David-Leon Pohl

1
, TianyangWang

2
, Norbert

Wermes
1
, PascalWolf

1
, and Jochen Dingfelder

1
—

1
Physikalisches Insti-

tut der Universität Bonn —
2
Zhangjiang Laboratory, China

CMOS process lines are an attractive option for the fabrication of hybrid

pixel sensors for large-scale detectors like ATLAS and CMS. Besides the cost-
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e�ectiveness and high throughput of commercial CMOS lines, multiple features

like poly-silicon layers, metal-insulator-metal capacitors and several metal layers

are available to enhance the sensor design.

A�er an extensive R&D programme with several prototype sensors in 150 nm

LFoundry technology, passive CMOS pixel sensors have been manufactured for

the �rst time as full-size sensors compatible with the RD53 readout chips de-

signed for the ATLAS and CMS tracker upgrades.

�is presentation will focus on IV-curve and hit-detection e�ciencymeasure-

ments and the characterization of the full-size sensors, before and a�er irradi-

ation to �uences of 2 × 10
15
neq/cm

2
and 5 × 10

15
neq/cm

2
, using a minimum

ionising electron beam.

T 13.6 Mon 17:30 T-H26
Electrical characterisation of passive CMOS strip sensors — ∙Hannah
Jansen
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University of Freiburg —

3
DESY Hamburg —

4
University of

Bonn
One of the major limitations of experiments in high energy physics are the pro-

duction costs of the sensors used. Silicon sensors made with CMOS technology

can solve this problem because they are very cost e�cient and allow big produc-

tion possibilities. �erefore, passive CMOS strip sensors with di�erent implant

layout types are investigated in this project to determine their suitability for high

energy physics experiments as well as inmedical applications. In particular, large

passive strip sensors produced with CMOS technology are considered. In this

talk, the current results of the electrical characterisation of the passive CMOS

strip sensors will be presented.

T 13.7 Mon 17:45 T-H26
Total Ionizing Dose e�ects on CMOS Image Sensor of the ULTRASAT space
mission — ∙Vlad Dumitru Berlea for the ULTRASAT-Collaboration —
DESY Zeuthen Platanenallee 6, 15738

ULTRASAT (ULtraviolet TRansient Astronomy SATellite) is a wide-angle space

telescope that will perform deep time-resolved surveys in the near ultraviolet

spectrum. ULTRASAT is led by the Weizmann Institute of Science (WIS) in Is-

rael and the Israel Space Agency (ISA) and is planned for launch in 2024. �e

telescope implements a backside-illuminated, stitched pixel detector. �e pixel

has 4T architecture with a pitch of 9.5 μm and is produced in 180 nm process by
Tower Semiconductor.

As part of the space quali�cation for the sensors, radiation tests are to be per-

formed on both test sensors provided by Tower and the �nal �ight design of the

sensor. One of the main contributions to sensor degradation due to radiation

for the ULTRASAT mission is Total Ionizing Dose (TID). TID measurements

on the test sensors have been performed with Co-60 gamma source at Helmholz

Zentrum Berlin (HZB) and CC-60 facilities at CERN, and preliminary results

are presented in this talk.

T 13.8 Mon 18:00 T-H26
CVD diamonds for the use in radiation hard particle detectors — Holger
Stevens, ∙Patrick Hölken, and Robert Konradi — Experimentelle Physik
5, TU Dortmund

Chemical-vapor deposition (CVD) diamond sensors have gainedmore in�uence

in the area of particle detection in recent years. For example, they are used in the

beam conditions monitor (BCM) of the LHCb experiment at CERN.�e BCM

monitors the quality of the particle beam and can abort the beam in �awed con-

ditions, such as insu�cient beam focus, to protect the experiment setup from

possible radiation damage. �e big advantages of CVD diamonds include their

radiation hardness and fast response time. Furthermore, the CVD diamonds

have a high tissue equivalence, which is why they are theoretically well suited for

clinical dosimetry in hospitals.

In order to further investigate the radiation characteristics of the diamonds, mea-

surements of the time behavior are carried out. In addition, a possible spatial

resolution of the diamond sensors is of interest. �is talk will give an overview

about the results of these studies.

T 14: DAQ and Trigger 1
Time: Monday 16:15–18:30 Location: T-H27

T 14.1 Mon 16:15 T-H27
A readout system for the LHCb Beam Condition Monitor based on o�-the-
shelf FPGA hardware— ∙Martin Bieker, Holger Stevens, and DirkWied-

ner— Experimentelle Physik 5, TU Dortmund

�e LHCb experiment is a single-arm forward spectrometer at the LHC and fo-

cuses on measurements in the b and c quark sector. Due to its unique geome-
try, featuring a sensitive tracking system located as close as 3.5mm to the LHC

beams, the detector is at risk of damage from adverse beam conditions. For this

reason, the particle �ux is monitored near the beam pipe by 8 diamond sensors

in a circular arrangement at either side of and close to the interaction point.

�is so-called Beam Condition Monitor (BCM) successfully protected the

LHCb detector during Run I and Run II of the LHC. In preparation for the fol-

lowing Run III, the BCM is overhauled as part of a comprehensive upgrade of

the LHCb detector. �e development of a new readout system is an important

part of the BCM related improvements.�is system is responsible for monitor-

ing the BCM data and initiating a beam abort in case adverse beam conditions

are detected.

�is talk will give an overview of the new readout system and the accompa-

nying �rmware developments: A �exible architecture based on commercially

sourced FPGA boards is presented and the integration into the existing LHCb

DAQ framework is outlined.

T 14.2 Mon 16:30 T-H27
Modular and scalable Timepix3 readout system — Klaus Desch, ∙Markus

Gruber, Tomasz Hemperek, Jochen Kaminski, and Tobias Schiffer —

Physikalisches Institut, Universität Bonn, Nußallee 12, 53115 Bonn

With the highly granular pixel ASIC Timepix3 several di�erent detectors can

be built by combining it either with a bump bonded sensor, with a photolitho-

graphically postprocessed MicroMegas gas ampli�cation stage (InGrid) or with

a micro-channel plate (MCP). With these combinations quite di�erent applica-

tions like beam telescopes, X-ray detectors for axion search and polarimetry and

neutron detectors can be realised.

Based on the basil framework we are developing a Timepix3 readout sys-

tem which can e�ciently adapt these applications that range from single chip to

multi-chip designs and from low- to high-rate applications. Furthermore we are

implementing a �exible monitoring system that is needed to support a range of

data sources depending on the detector.�e hardware consists of our own PCB

designs and a support of multiple FPGA boards including the Scalable Readout

System (SRS) which o�ers scalability in low to medium rate multi-chip applica-

tions.

In this talk I will present the readout and control system and how it scales

for the applications. Furthermore, I will show how the modular approach en-

ables several di�erent detector designs and o�ers the needed functionality like

calibration, equalisation, readout and monitoring.

T 14.3 Mon 16:45 T-H27
Upgrade of a cosmic muon teststand for the CMS DT-Project — ∙Dmitry
Eliseev, Thomas Hebbeker, Markus Merschmeyer, and Matej Repik —

Physics Institute III A, RWTH Aachen University

�e Dri� Tube (DT) system is one of the muon detectors of the Compact Muon

Solenoid (CMS).�e DT system is now upgraded to provide the increased lu-

minosity for CMS Phase II.�e upgrade pertains mainly the on-chamber digital

readout and the subsequent data chain, which are completely replaced to enable

higher acquisition rates and better trigger �exibility. �e especially important

component of the data chain is the electronics for digital readout of the muon

hit data. �is is the newly designed On-Board Dri� Tube (OBDT) electronics,

located directly at theDT chambers.�is electronics enables higher data acquisi-

tion rates and is radiation tolerant. A�er production, the OBDT electronics will

require numerous veri�cation tests. One of the veri�cation sites will be RWTH

Aachen University with its cosmic muon teststand, originally developed during

CMS construction.�e core part of the muon teststand is a fully functional DT

chamber, which is similar to the DT chambers at CMS. For the upcoming veri�-

cation tests the teststand has undergone a comprehensive upgrade.�e upgrade

included the complete replacement of the data system as well as the redesign and

upgrade of other systems: high- and low- voltage power-supply, gas mixing sys-

tem.�e teststand enables in-situ tests of the newly produced OBDT electronics

as well as the veri�cation of the data integrity of themuon-data along the readout

chain.

T 14.4 Mon 17:00 T-H27
Calibration of the analogue signal path of the Level-1 Calorimeter Trigger
a�er the ATLAS Phase-I upgrade — ∙Thomas Junkermann — Kirchho�-

Institut für Physik, Heidelberg

�e Phase-I Upgrade of the ATLAS Level-1 Calorimeter Trigger targets a �ner

granularity of the spatial information of energy depositions when selecting

events. To process the higher amounts of data a new digital trigger is installed.

�erefore new electronic components get introduced in the on-detector elec-
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tronics leading up to the trigger.�ese components e�ect the old analog trigger

system and re-calibration of it is needed as it will be run in Run 3 parallel to

the new system. Examples for the e�ects of the new components on the legacy

system are the introduction of time delays to certain signal parts and amplitude

losses.�e e�ects are measured and corrected for by re-adjusting the calibration

of various components.

T 14.5 Mon 17:15 T-H27
Test beam studies of the newATLASMDT front-end electronics in theGIF++
facility at CERN — ∙Davide Cieri1, Gregor Eberwein

1
, Markus Fras

1
,

Oliver Kortner
1
, Hubert Kroha

1
, Chrysostomos Valderanis

2
, Elena

Voevodina
1
, and BastianWesely

1
—

1
Max-Planck-Institut für Physik, Mu-

nich, Germany —
2
Ludwig-Maximilians-Universität, Munich, Germany

�e front-end readout electronics of the ATLAS Monitored Dri� Tube (MDT)

detector will be replaced for High-Luminosity LHC operations in order to

provide a triggerless read-out required by the upgraded �rst-level muon trig-

ger. �e read-out chain of an MDT chamber is composed of several Ampli-

�er/Shaper/Discriminator (ASD)ASICs, capturing the arrival signal at the wires;

Time-to-Digital Converter (TDC) ASICs, performing the required time mea-

surements on 24 channels coming from three ASD ASICs, and a Chamber Ser-

vice Module (CSM), which multiplexes data from up to 18 TDCs and sends the

data via two optical �bres to the MDT trigger processor for the further trigger

processing and transmission to the data acquisition (DAQ) system. �e front-

end electronics were designed to cope with a hit rate of 600 kHz/tube, which is

twice the maximum expected rate.

Prototypes of the entire MDT front-end electronics were operated on MDT

chambers in a muon beam at the GIF++ facility at CERN in 2021 using two

small MDT chambers.�e electronics were shown to work perfectly under dif-

ferent levels of the photon background irradiation, covering twice the range of

the expected background �uxes at the HL-LHC.

T 14.6 Mon 17:30 T-H27
Scan Automated Testing for the ATLAS Pixel Detector— Marcello Bindi,

Arnulf Quadt, and ∙Chris Scheulen — II. Physikalisches Institut, Georg-
August Universität Göttingen

�e ATLAS Pixel detector data acquisition system (DAQ) is distributed over sev-

eral di�erent physical components, such as front-end detectormodules, read-out

drivers, and PCs for operating and calibrating the detector. As a result, time-

consuming manual tests are currently required to ensure the correct operation

of the entire system a�er so�ware or �rmware changes in any component.

To simplify so�ware validation and free up manpower, a suite of automated

tests of the is being developed for deployment in the DAQ so�ware’s continuous

integration system on GitLab. Fully automated testing is only possible without

involvement of the detector modules, whose operation requires some degree of

manual supervision.�erefore, emulated detector responses are used for tests of

readout-chain components under exclusion of the detector modules themselves.

�is talk will give an overview over the �rst version of the automated calibra-

tion testing and validation framework currently deployed for code developments

on GitLab. An outlook to further developments of the testing infrastructure will

be presented as well.

T 14.7 Mon 17:45 T-H27
GUI framework and con�guration database for ATLAS ITk Pixel system tests
— Gerhard Brandt, Marvin Geyik, ∙Jonas Schmeing, and Wolfgang

Wagner— Bergische Universität Wuppertal

For the LHC Phase-2 upgrade, a new ITk Pixel detector will be installed in the

ATLAS experiment. It will allow for even higher data rates andwill be thoroughly

tested in theATLAS ITk Pixel system tests. To operate these tests, a GUI and con-

�guration system is needed. A �exible and scalable GUI framework based on

distributed microservices is introduced. Each microservice consists of a fron-

tend GUI, a Python app served by a WSGI server, and a system-level backend.

�e frontend GUI is a single-page application built with the React JavaScript

library. It uses PatternFly, which provides many UI elements as React compo-

nents. �e API for RESTful HTTP communication between the frontend and

the Python app is de�ned via an OpenAPI speci�cation. �e Python app is the

central part of eachmicroservice. It connects to themicroservices backend, such

as a database or various DAQ applications that provide a Python binding. With

this microservice framework, it is possible to serve specialized applications for

di�erent purposes: e.g., an API to access the data acquisition so�ware, a service

for con�guration of hardware components, and a database to store these con�gu-

rations. To enable users to access all services from a single web page, all frontend

GUIs are compiled into one chassis. �e REST and Python interfaces facilitate

the maintainability and long-term upgradability of the system.

T 14.8 Mon 18:00 T-H27
�e First Layer of theMu3e Data Acquisition System— ∙MartinMüller for

the Mu3e-Collaboration — Institute for Nuclear Physics, JGU Mainz

�e Mu3e experiment will search for the charged lepton �avor violating decay

of a positive Muon into two positrons and one electron. �e branching ratio of

this decay in the Standard Model is predicted to be in the order of 10
−54
and

therefore any observation of such a decay would be a clear sign for new physics.

Observing up to 10
8
muon decays per second, the phase I Mu3e detector will

produce 100 GB/s of data from monolithic pixel chips, scintillating �bres and

scintillating tiles.

�e trigger-less data acquisition for the detector consists of multiple layers.

Layer 1 is located inside of the Mu3e magnet and is directly connected to the

detector readout ASICs with 1.25 Gbit data links. It is built from 112 Frontend-

Boards which include two �eld programmable gate arrays (FPGAs). �ese FP-

GAs are responsible for all communication with the di�erent detector ASICs,

including data readout, decoding, sorting, synchronisation and also the con�g-

uration of the detectors. �e talk will discuss the �rmware developed for the

FPGAs in Layer 1 of the Mu3e DAQ and the interfaces to the other DAQ layers.

T 14.9 Mon 18:15 T-H27
Data Flow in the Mu3e Filter Farm — ∙Marius Köppel for the Mu3e-

Collaboration — Institute for Nuclear Physics, Johannes Gutenberg University,

Mainz Germany

�e Mu3e experiment at the Paul Scherrer Institute searches for the decay μ+ →
e+e+e−. �is decay violates charged lepton �avour conservation - any observa-
tion would be a clear indication for Physics Beyond the Standard Model. �e

Mu3e experiment aims for an ultimate sensitivity of one in 10
16 μ decays. �e

�rst phase of the experiment, currently under construction, will reach a branch-

ing ratio sensitivity of 2⋅10−15 by observing 108 μ decays per second over a year of
data taking.�e highly granular detector based on thin high-voltage monolithic

active pixel sensors (HV-MAPS) and scintillating timing detectors will produce

about 100 GB/s of data at these particle rates.

Since the corresponding data cannot be saved to disk, a trigger-less online

readout system is required which is able to sort, align and analyze the data while

running. A farm with PCs equipped with powerful graphics processing units

(GPUs) will perform the data reduction.�e talk presents the ongoing integra-

tion of the sub detectors into the Field Programmable Gate Array (FPGA) based

readout system, in particular focusing on the data �ow inside the FPGAs of the

�lter farm. It will also show insides of the DAQ system used in the Mu3e Inte-

gration Run performed in Spring 2021.

T 15: GRID Computing
Time: Monday 16:15–18:00 Location: T-H28

T 15.1 Mon 16:15 T-H28
Rucio Datamanagement: Expanding the capabilities for dealing with poten-
tially problematic �les — ∙Christoph Ames1, Günter Duckeck1, Rodney
Walker

1
, and Cédric Serfon

2
—

1
Ludwig-Maximillians-Universität, Munich

—
2
Brookhaven National Laboratory

Rucio is a so�ware framework that enables the management of large collections

of data. Originally developed for the ATLAS experiment at the Large Hadron

Collider (LHC), it has been expanded to encompass other scienti�c experiments,

such as CMS and Belle II, whereby data is stored on and transferred between over

100 data centres across the world. Accessing �les on these data centres doesn’t al-

ways function without problems occurring, therefore dedicated services are used

to track �les that are being accessed or transferred. Files that cause problems are

marked as suspicious by the tracking services and have to be handled by another

service, the suspicious replica recoverer. �e goal of this work is to expand the

suspicious replica recoverer by adding more �exibility and nuance when decid-

ing what should be done with a suspicious �le.�is is achieved by introducing a

policy system based on �le metadata, which allows each virtual organisation to

individually set their own policies.

T 15.2 Mon 16:30 T-H28
Probing a tiered storage for a WLCG Tier-3 center — Michael Böhler,

∙Dirk Sammel, and Markus Schumacher — Albert-Ludwigs-Universität

Freiburg

�e storage of large amounts of data is an important topic in theHEP community,

especially with the start of the High-Luminosity LHC in the near future. �is

data has to be available to local users at the institutes, which represent the Tier-3

level of the WLCG infrastucture. An interesting scenario would be a ”tiered”

Tier-3 system consisting of a combination of cold and warm storage. In such a

setup, a parallel �le system might serve as the warm storage and in addition, an

object storage would be used as cold storage to avoid a too large occupancy of the
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parallel �le system. In this talk, performance tests of a local S3 object store using

a typical HEP use case are presented.�e results are compared to read access to

the local parallel storage and to other ATLAS grid sites within the WLCG.

T 15.3 Mon 16:45 T-H28
Modelling Large Scale Distributed Computing Systems for Identi�cation of
E�cient Architectures— ∙Maximilian Horzela, Manuel Giffels, Artur

Gottmann, GünterQuast, and Achim Streit—Karlsruhe Institute of Tech-

nology

One approach to overcome the expected gap between available and required re-

sources at future colliders like the High Luminosity Large Hadron Collider (HL-

LHC) is to increase the e�ciency of existing work�ows, for example via caching

of frequently used data. However, in complex environments with distributed

computing systems and many users like the Worldwide LHC Computing Grid

(WLCG), �nding a solution is not trivial. Due to the complexity and size of such

systems, it is not feasible to deploy several experimental test-beds at large scales.

Simulation of such systems has proved a scalable and versatile approach to

identify e�cient and practical computing architectures for High Energy Physics

(HEP). A prominent example is the Monarc Simulation Framework, which lead

to the present structure of the WLCG. However, the discontinuation of the old

so�ware and the demand for the ability to simulate recent scenarios including

caching solutions requires a revision of suitable so�ware.

In the context of this talk, a modern example for such applications based on

the WRENCH and SimGrid simulation packages will be presented. Further-

more, �rst results obtained by the simulation will be shown.

T 15.4 Mon 17:00 T-H28
Dynamic and transparent provisioning of opportunistic compute resources
forHEP— ∙Ralf Florian vonCube, RenéCaspart, Max Fischer, Manuel

Giffels, Eileen Kühn, GünterQuast, andMatthias Schnepf—Karlsruhe

Institute of Technology

�e utilization of only temporarily available compute resources (opportunistic

resources) not dedicated to HEP becomes more and more important for future

HEP experiments. On the one hand, due to the unprecedented need and result-

ing scarcity of HEP compute resources. On the other hand, due to the desired

integration of HPC, Cloud and locally available resources.

To meet the challenges posed by the resulting heterogeneous compute

environment, the Karlsruhe Institute of Technology (KIT) developed the

COBalD/TARDIS resourcemanager and an entire ecosystem around anHTCon-

dor overlay batch system to allow for a dynamic, transparent and hassle-free in-

tegration of those resources into theWorld-wide LHCComputingGrid (WLCG)

via a single point of entry.

In this contribution we will present the current status of COBalD/TARDIS

developments as well as our experience with the integration of various oppor-

tunistic resources into the WLCG.

T 15.5 Mon 17:15 T-H28
AUDITOR: An accounting system for opportunistically used resources —
Michael Böhler, ∙Stefan Kroboth, and Markus Schumacher— Albert-

Ludwigs-Universität Freiburg

Computing clusters o�en experience varying workload over time, which may

lead to suboptimal utilization of available hardware. Sharing resources between

multiple clusters can mitigate this ine�ciency. �e so�ware COBalD/TARDIS

enables the integration of resources in an opportunistic, dynamic, and trans-

parent manner and is successfully operated on various sites for a wide range of

scenarios. In such a setup, the question of how to account for computations con-

ducted on shared resources arises.

In this work the prototype of AUDITOR, the AccoUnting Data handlIng
Toolbox for Opportunistic Resources is presented. At its core it consists of a
database and a server which can be interacted with using a REST API. �is

allows collectors to store data relevant for accounting in the database and plugins
to publish the data on an external platform or perform other actions.�e exten-

sible nature of AUDITOR enables handling of various use cases by combining

the appropriate collectors and plugins. An example use case is described, where
the fairshare of one batchsystem is transfered to priorities of another based on

data collected from COBalD/TARDIS.

T 15.6 Mon 17:30 T-H28
Optimization of performance for HEP ML applications on GPU Clusters
— ∙Tim Voigtländer, René Caspart, Manuel Giffels, Günter Quast,

Matthias Schnepf, and Roger Wolf — Karlsruhe Institute of Technology,

Karlsruhe, Germany

GPU clusters are gaining increased importance also in particle physics. To use

GPUs most e�ciently, concepts like multi-processing on a single GPU, multi-

GPU usage for suitable applications or the balance between CPU and GPU re-

sources must be considered. In particular, GPU support for applications in Ma-

chine Learning has become quite common, and they provide a wide variety of

usage scenarios.�e GPUperformance in relation to CPUs depends on the com-

plexity of the network topology, on the training strategy and other hyperparame-

ters of the problem at hand. To illustrate the possible performance gains, a num-

ber of scenarios in neural network training on a shared GPU cluster attached to

the TOpAS Tier3 at KIT are discussed.

T 15.7 Mon 17:45 T-H28
Belle II Grid Computing Developments at KIT — ∙Moritz Bauer, R. Flo-

rian von Cube, Torben Ferber, Manuel Giffels, Maximilian Horzela,

Günter Quast, and Matthias Schnepf—Karlsruhe Institute of Technology

�e Belle II experiment studies B-meson decays with high precision.�erefore,

Belle II plans to record 50ab
−1
.�is will result in 50PB of raw data, which has to

be reconstructed and analyzed. Furthermore, corresponding simulations have

to be produced. To achieve this goal the Belle II collaboration uses several data

centers around the world as a Grid, similar to the worldwide LHC Computing

Grid.

While LHC experiments usually only analyze data from one data-taking pe-

riod, Belle II analyses typically use the complete dataset over all periods.�e high

energy physics computing group at KIT works on several development projects

to handle these challenges. In this presentation, we describe the challenges as

well as the current development projects. �ese projects include the transpar-

ent integration of opportunistic resources to provide more computing resources

and caching to provide additional copies of datasets to improve their accessibility

automatically.

T 16: Experimental Methods (general) 1
Time: Monday 16:15–18:30 Location: T-H29

T 16.1 Mon 16:15 T-H29
Measurement of the CMS o�ine tracking e�ciency from the ratio of recon-
structed D∗ and D0 mesons — ∙Yewon Yang and Achim Geiser — DESY,
Hamburg, Germany

�e e�ciency for o�ine track reconstruction in CMS is measured directly from

the data using a novel method.�is method is based on taking the ratio of charm

mesons reconstructed in the decay chains D∗± → K∓π±π±
s and D

0 → K∓π±
,

using the special kinematics of the so-called ’slow pion’ πs from D∗
decay. It

also requires the treatment of the a priori unknown mixture of prompt (from

charm) and non-prompt (from beauty) contributions to the �nal states. Details

of the method are explained and �rst results for the actual tracking e�ciencies

are presented.

T 16.2 Mon 16:30 T-H29
Clustering and tracking in dense environments with the ITk — ∙Nicola de

Biase—DESY Hamburg

Dense hadronic environments, encountered in particular in the core of high-pT
jets or hadronic τ decays, present speci�c challenges for the reconstruction of
charged-particle trajectories (tracks) in the ATLAS silicon-pixel tracking detec-

tor, as the charge clusters le� by di�erent ionising particles in the silicon sensors

can merge with a sizeable rate. Tracks competing for the same cluster are pe-

nalised for sharing it, leading to a loss in tracking e�ciency.

In the current ATLAS Inner Detector, a machine learning algorithm is used

for classifying and splitting merged clusters with minimal e�ciency losses, lead-

ing to better performances of Clustering and Tracking in Dense Environments

(CTIDE). �e new Inner Tracker (ITk), which will replace the current Inner

Detector as part of the ATLAS phase-2 upgrade, will bene�t from an improved

granularity thanks to its smaller pixel sensor size, which might render such a

procedure unnecessary.

In this talk, the expected performance of the ITk in dense environments will

be discussed, addressing the question of whether a cluster splitting procedure is

necessary.

T 16.3 Mon 16:45 T-H29
Clustering and Tracking in Dense Environment studies of the ATLAS ITk
Strip Detector for the HL - LHC Upgrade — Katharina Behr, Nicholas

Styles, and ∙Akhilesh Tayade—DESY, Hamburg, Germany
�e new InnerTracker (ITk) in the ATLAS detector is being built as a part of the
HL-LHC upgrade. �e High Luminosity upgrade will see an increase in track

density, pile up and collisions per bunch crossing. Correspondingly, the cur-

rent o�ine tracking reconstruction is being upgraded to handle this. Strongly

boosted objects give highly collimated tracks. Reconstructing these tracks can be
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crucial in discovering new physics. Highly collinear and dense tracks are likely

to share pixel or strip clusters for which they are penalized in the track recon-

struction. Machine learning techniques are employed for the current ATLAS

Pixel Detector to resolve the ambiguities due to cluster merging. In this talk,

we discuss whether similar techniques are needed for clusters in the ITk strip

detector.

T 16.4 Mon 17:00 T-H29
Jet Vertex Tagger in release 22— ∙AbdullahNayaz1, Teng Jian Khoo2

, and

Cigdem Issever
3
—

1
Humboldt University, Berlin, Germany —

2
Humboldt

University, Berlin, Germany —
3
Humboldt University, Berlin, Germany

Pile-up mitigation is a crucial part of many important Particle Physics analysis

e.g. HH->4b. �e Jet Vertex Tagger (JVT) is a multivariate pile-up suppression

variable developed for the ATLAS experiment that combines information from

other track based pile-up variables and plays a major role in ATLAS analysis. In

this study, as part of the preparation for Run 3 data-taking and analysis, the per-

formance of JVT has been checked for the new release 22 Track to Vertex Asso-

ciation (TTVA) working points usingMonte-Carlo simulated dijet data samples.

First, the TTVAs that result in a good performance of the JVT have been iden-

ti�ed. Furthermore, to increase the JVT performance, a Multilayer Perceptron

Neural Network (NN) has been used to retrain the JVT for release 22.�e train-

ing was done separately for o�ine and trigger level jets, varying the inputs to the

NN to optimise the separation of hard scatter and pile-up jets. Some improve-

ment on the JVT performance was observed a�er the training process which will

be bene�cial for Run 3 ATLAS analyses.

T 16.5 Mon 17:15 T-H29
Global χ2 �tter for Acts—Florian Bernlochner, JochenDingfelder, and
∙Ralf Farkas — Physikalisches Institut der Rheinischen Friedrich-Wilhelms-
Universität Bonn
�e reconstruction of trajectories of charged particles is a crucial task for most

HEP experiments. �e Acts (A Common Tracking So�ware) aims to be a

generic, framework and experiment-independent toolkit for track reconstruc-

tion, initially started from the ATLAS tracking so�ware. My talk summarizes

the recent development of a global χ2 �tter for Acts, which complements and
validates the existing (Combinatorial) Kálmán Filter.

T 16.6 Mon 17:30 T-H29
Track Reconstruction of the FASER Experiment — Florian Bernlochner,
∙Tobias Böckh, JochenDingfelder, andMarkus Prim—Physikalisches In-

stitut der Rheinischen Friedrich-Wilhelms-Universität Bonn
FASER (ForwArd Search ExpeRiment) is a new, small and inexpensive experi-

ment designed to search for light, weakly interacting particles during Run 3 of

the LHC. Such particles may be produced in large quantities in proton-proton

collisions, travel for hundreds of meters along the beam axis, and can decay in

two charged Standard Model particles. To reach its physics goals, a good hit res-

olution, and track reconstruction to separate the two closely-spaced, oppositely

charged tracks is essential. In this talk, I review the track reconstruction, which

is based on the ACTS toolkit. ACTS aims to provide an experiment-independent

toolkit for track reconstruction.

T 16.7 Mon 17:45 T-H29
detray - a GPU-friendly tracking geometry description — An-

dreas Salzburger
1
, ∙Joana Niermann

1,2
, Beomki Yeo

3,4
, Attila

Krasznahorkay
1
, and Stan Lai

2
—

1
CERN —

2
II. Physikalisches Institut,

Georg-August-Universität Göttingen —
3
Department of Physics, University of

California —
4
Lawrence Berkeley National Laboratory

With the next generation high luminosity experiments, the computational de-

mand of particle track reconstruction will increase strongly. A potential way to

tackle this is by o�oading highly parallelizable tasks to an accelerator device.

Existing codebases need to be adapted to e.g. speci�c host and device mem-

ory management and the calling of dedicated compute kernels, while avoiding

code duplication as much as possible. Designed to be integrated into ACTS (A

Common Tracking So�ware), which provides e�cient algorithms for common

tracking tasks, detray is an ongoing R&D e�ort to formulate the tracking geom-

etry description for heterogeneous hardware. In order to propagate track states

through the geometry model, detray follows the navigation design established

in ACTS, but presents the geometry in a GPU-friendly way. It makes use of

�at container structures without runtime polymorphism, a dedicated memory

management scheme provided by the vecmem library, as well as direct index-

ing to link the geometry data, which together allows to instantiate the geometry

model in host and device code. �is talk gives an overview of the detray track-

ing geometry description and highlights the advantages and challenges of this

GPU-friendly approach.

T 16.8 Mon 18:00 T-H29
ATLAS Primary Vertexing with ACTS — ∙Bastian Schlag

1,2
, An-

dreas Salzburger
1
, Markus Elsing

1
, Christian Schmitt

2
, and Volker

Büscher
2
—

1
CERN—

2
Johannes Gutenberg-Universität Mainz

�e reconstruction of particle trajectories and their associated vertices is a cru-

cial task in the event reconstruction of most high energy physics experiments.

In order to maintain or even improve upon the current performance of tracking

and vertexing algorithms under the upcoming challenges of increasing energies

and ever increasing luminosities in the future, major so�ware upgrades are re-

quired.

Based on the well-tested ATLAS tracking and vertexing so�ware, the ACTS (A
Common Tracking So�ware) project aims to provide a standalone, modern and
experiment-independent toolkit of track- and vertex reconstruction so�ware,

speci�cally designed for parallel code execution. �e newly developed ACTS

vertexing so�ware suite provides thread-safe, highly performant and state-of-

the-art vertex reconstruction tools that have been fully integrated and validated

in the ATLAS so�ware framework AthenaMT. Due to its superb physics and

CPU performance, the ACTS vertexing so�ware will be used as the default pri-

mary vertex reconstruction tool in ATLAS for LHC Run 3.

Additionally, an entirely new vertex seed �nding algorithm with great physics

performance and CPU speed-ups of up to a factor of 100 in high pile-up envi-

ronments has been developed and implemented in ACTS.

�is talk presents an overview of the ACTS vertexing so�ware suite, its perfor-

mance in ATLAS as well as latest developments.

T 16.9 Mon 18:15 T-H29
Electron reconstruction and identi�cationwith theATLASdetector— ∙Asma
Hadef and Lucia Masetti — Johannes Gutenberg Universität, Mainz, Ger-

many

Electrons are important objects both for the search for new physics and for pre-

cision measurements. In the ATLAS detector, electrons in the central detector

region are triggered by and reconstructed from energy deposits in the electro-

magnetic (EM) calorimeter that are matched to a track in the inner detector.

Electrons are distinguished from other particles using identi�cation (ID) criteria

with di�erent levels of background rejection and signal e�ciency. �e electron

ID used in ATLAS for Run 2 is based on a likelihood discrimination to separate

isolated electron candidates from candidates originating from photon conver-

sions, hadron misidenti�cation and heavy �avor decays.�e performance of the

electron reconstruction and ID algorithms is evaluated bymeasuring e�ciencies

using tag-and-probe techniques with large statistics samples of isolated electrons

from Z → ee and J/ψ → ee resonance decays. �ese measurements were per-
formed with pp collisions data at $s =13 TeV in 2015-2018 corresponding to
an integrated luminosity of 139 f b−1 and studied as a function of the electron’s
transverse momentum, pseudorapidity and number of primary vertices. Fur-

thermore, in order to achieve reliable physics results, the simulated samples need

to be corrected to reproduce the measured data e�ciencies as closely as possible.

For this reason, the e�ciencies are estimated both in data and in simulation.�e

scale factors (data to MC e�ciency ratios) are then estimated and provided to

all physics analyses involving electrons.

T 17: Gamma Astronomy 1
Time: Monday 16:15–18:20 Location: T-H30

Group Report T 17.1 Mon 16:15 T-H30
Status and First Results of the CTA Large-Sized Telescope— ∙MartinWill

for the CTA Consortium —Max-Planck-Institut für Physik, München

�e prototype of the Large-Sized Telescope (LST), intended to become part of the

Northern site of the Cherenkov Telescope Array (CTA) in the Canarian island of

La Palma, is currently �nishing its commissioning phase and started taking en-

gineering data runs. With its re�ective surface of 23meter diameter, the LSTs are

optimized to detect gamma-rays in the energy range between 20 and 200 GeV.

In this presentation, some preliminary physics results, the performance of the

prototype, and the plans to construct more LSTs as part of CTA will be shown.

T 17.2 Mon 16:35 T-H30
Muons as a tool for background rejection in ImagingAtmosphericCherenkov
Telescope arrays— ∙Laura Olivera-Nieto1

, AlisonMitchell
2,3
, Konrad

Bernlöhr
1
, and JimHinton

1
—

1
Max-Planck-Institut für Kernphysik, Heidel-

berg, Germany —
2
Department of Physics, ETH Zurich, Zurich, Switzerland —

3
Erlangen Centre for Astroparticle Physics, Erlangen, Germany

�e presence of muons in air-showers initiated by cosmic ray protons and nu-

clei is well established as a powerful tool to separate such showers from those

initiated by gamma rays. However, so far this approach has been fully exploited

only for ground level particle detecting arrays. We explore the feasibility of using
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Cherenkov light from muons as a background rejection tool for imaging atmo-

spheric Cherenkov telescope arrays at the highest energies. We adopt an analyt-

ical model of the Cherenkov light from individual muons to allow rapid simula-

tion of a large number of showers in a hybrid mode.�is allows us to explore the

very high background rejection power regime at acceptable cost in terms of com-

puting time. We show that for very large (≳20 m mirror diameter) telescopes,
e�cient identi�cation ofmuon light can potentially lead to background rejection

levels up to 10
−5
whilst retaining high e�ciency for gamma rays. While many

challenges remain in the e�ective exploitation of the muon Cherenkov light in

the data analysis for imaging Cherenkov telescope arrays, our study indicates

that for arrays containing at least one large telescope, this is a very worthwhile

endeavor.

T 17.3 Mon 16:50 T-H30
Adjusting Monte Carlo Simulations for the Cherenkov Telescope Array’s
Large-Sized Telescope Prototype— ∙Lukas Nickel and Maximilian Nöthe

for the CTA LST Project — Astroparticle Physics, WG Elsässer, TU Dort-

mund University, Germany

�e lowest energy range of the Cherenkov Telescope Array, which is going to be

the next-generation very-high energy (≥ 20GeV) gamma-ray observatory, will

be covered by the Large-Sized Telescopes (LSTs). �e prototype of the LST was

inaugurated inOctober 2018 on the Canary Island of La Palma and has since per-

formed observations of bright gamma-ray sources as part of the commissioning

process.

One area that needs special care for any analysis regards potential di�erences

between Monte Carlo simulations and observed data. In this talk current ap-

proaches to adjust existing simulations for di�erent observational conditions will

be presented.

T 17.4 Mon 17:05 T-H30
Data Volume Reduction for the Cherenkov Telescope Array’s Large-Sized
Telescope Prototype — ∙Jonas Hackfeld for the CTA-Collaboration — In-

stitute for theoretical physics IV, Ruhr-University Bochum, Germany

�e prototype of the Large-Sized Telescope (LST) of the Cherenkov Tele-

scope Array (CTA), which is going to be the next-generation very-high energy

(> 20GeV) gamma-ray observatory, was inaugurated in October 2018 and has
already observed several bright gamma-ray sources during its commissioning

phase. For the next years, in addition to 3 more LSTs, several Medium-Sized

Telescopes (MST) are planned, which together will equip the northern site of the

CTA Observatory. Due to the locally limited data transfer rates and the techni-

cal and economic e�ort to store data quantities of ∼ 100 PByte/year permanently
over a planned duration of ∼ 30 years, a volume reduction for low level data is
inevitable. In addition to lossless compression methods for volume reduction,

there are lossy methods such as pixel selection. In this process, the pixels with

signal are isolated from the night-sky background ones, so that the physics re-

sults are impacted as minimally as possible during subsequent event reconstruc-

tion. In this talk, pixel selection algorithms and their impact on higher level data

analysis will be presented.

�is project is funded via BMBF Verbundforschung, Project 05A20PC1

T 17.5 Mon 17:20 T-H30
Background Estimation: Towards an Analysis of MAGIC Data Using
Gammapy — ∙Simone Mender and Lena Linhoff for the MAGIC-

Collaboration — Astroparticle Physics WG Elsässer, TU Dortmund University,

Germany

�e Python package Gammapy is mainly developed for the high-level analysis

of gamma-ray data of the future Cherenkov Telescope Array. As it can also be

used to analyze data from existing imaging air Cherenkov telescopes, it is rea-

sonable to perform the high-level analysis of MAGIC data with Gammapy and

compare the results with existing analyses. Gammapy requires event-based data

combined with the corresponding instrument response functions. In order to

process these so-called DL3 data for MAGIC, the new database-based frame-

work AutoMAGIC is developed. With AutoMAGIC it is possible to create DL3

data in an automated and reproducible way.

So far, the MAGIC DL3 data does not include background models, which are

needed for the creation of skymaps. In this talk, the dependence of the back-

ground on parameters like the azimuth and zenith angle of the pointing posi-

tion will be presented. Using the exclusion region method, background models

are built from DL3 data. Using these background models, the �rst preliminary

skymaps of MAGIC data created with Gammapy will be shown.

T 17.6 Mon 17:35 T-H30
Automatized Analysis of MAGIC Sum-Trigger-II Data— ∙Jan Lukas Schu-
bert and Lena Linhoff for theMAGIC-Collaboration—Astroparticle Physics

WG Elsässer, TU Dortmund University, Germany

�eMAGIC telescopes are a stereoscopic systemof ImagingAir Cherenkov Tele-

scopes.�ey are used for the detection of gamma rays in the GeV to TeV range.

With the Sum-Trigger-II, low-energy data with a threshold as low as 25 GeV can

be recorded.�is data requires a dedicated analysis adapted to the low energies.

Since the analysis structure is complex, it is reasonable to automatize the analysis

in order to save time for an analyzer and to deliver entirely reproducible results.

�e automatization of the analysis of Sum-Trigger-II data was implemented in

the autoMAGIC project which aims to automatize the entire MAGIC analysis

chain.

For testing the performance, currently an analysis of the Crab pulsar is per-

formed based on the autoMAGIC output and compared to previous analyses.

In the future, the automatization of the analysis of Sum-Trigger-II data could

be used for further optimizations of the low-energy analysis as well as for com-

parisons of low-energy data from MAGIC and the CTA-LST1.

T 17.7 Mon 17:50 T-H30
Characterization of the performance of the MAGIC LIDAR — ∙Felix
Schmuckermaier for the MAGIC-Collaboration — Max-Planck-Institut für

Physik — TU München

�e Major Atmospheric Gamma-ray Imaging Cherenkov (MAGIC) telescopes

are a system of two Imaging Atmospheric Cherenkov Telescopes (IACTs). IACTs

make calorimetric use of the Earth’s atmosphere, which allows them to reach

large e�ective areas, but also makes them strongly dependent on the quality of

the atmosphere at the time of the observations. Suboptimal conditions can then

lead to a wrong reconstruction of the gamma-ray data. In order to mitigate this

problem, the MPP group built and has been operating a single wavelength elas-

tic LIDAR (LIght Detection And Ranging) system to perform real time ranged-

resolved measurements of the atmospheric transmission. �is information is

then used to quantify the quality of the telescope data, as well as to correct the

data taken under suboptimal atmospheric conditions. In this talk, I will present

the �rst detailed characterization of the correction capabilities of the LIDAR sys-

tem. �e results describe the impact of the LIDAR corrections for a variety of

atmospheric and observational conditions, and therefore contribute to a better

understanding of the telescope’s performance and related systematic uncertain-

ties.

T 17.8 Mon 18:05 T-H30
Combined analysis pipeline for joint observations with MAGIC and CTA
LST-1 — ∙Giorgio Pirola
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�e performance achievable with Imaging Atmospheric Cherenkov Technique is

remarkably improved by using multiple telescopes. Currently, in La Palma (Ca-

nary Islands), there are three operative Cherenkov telescopes: the two MAGIC

telescopes and the prototype Large-Sized Telescope (LST-1), intended for the

future northern site of the Cherenkov Telescope Array (CTA), the next genera-

tionVery-High Energy gamma-ray observatory.�e data acquired during nights

of simultaneous observation of the same target have been used to develop and

test an algorithm for the o�ine search of coincident events. Recently, this algo-

rithm was implemented for the development of the combined analysis pipeline:

an analysis chain meant to perform the 3-telescope event reconstruction. �e

talk aims to present the current status of the pipeline and to give an insight into

the possible results achievable with the 3-telescope system.

T 18: Neutrino Astronomy 1
Time: Monday 16:15–18:30 Location: T-H31

T 18.1 Mon 16:15 T-H31
Follow-up of high-energy neutrino events in IceCube— ∙Martina Karl for

the IceCube-Collaboration — Max Planck Institute for Physics, Munich, Ger-

many—Technical University ofMunich, Department of Physics, Garching, Ger-

many

We investigate the arrival direction of the most energetic track-like neutrino

events in IceCube. �ese high-energy events allow for a good pointing back to

their origin direction and have a high probability to be of astrophysical origin.

Roughly 10 of these track-like high-energy neutrino events are detected per year.

With these events acting as a source catalog, we present a search for cosmic neu-

96



Particle Physics Division (T) Monday

trino emission on 11 years of IceCube neutrino-induced muon data. We explore

the hypotheses of steady and transient neutrino emission, and present methods

to �nd neutrino �ares.

T 18.2 Mon 16:30 T-H31
High-Energy Neutrinos From Accretion Flares — ∙Jannis Necker for the
IceCube-Collaboration — DESY, Zeuthen, Deutschland

�e past two decades have seen a revolution in astronomy as for the �rst time

it became possible to gain information about astrophysical processes not only

from (low energy) photons but also from other messengers such as gravitational

waves and neutrinos.�e IceCube observatory is a cubic kilometre neutrino de-

tector array in the antarctic ice, looking for astrophysical, high-energy neutrinos.

�e collected data reveal a di�use �ux of these neutrinos over the whole sky, in-

dicating an extragalactic origin. Recent observations suggest a contribution to

this di�use �ux from accretion �ares, radiation outbursts from Super-Massive

Black Holes that accrete at an enhanced rate. In this contribution I will present

results from a stacking analysis looking for IceCube neutrinos from these accre-

tion �ares.

T 18.3 Mon 16:45 T-H31
A study to detect neutrino signals from AGN using machine-learning meth-
ods for source classi�cation — ∙Sebastian Schindler for the IceCube-
Collaboration — Erlangen Centre for Astroparticle Physics (ECAP), University

Erlangen-Nürnberg, Germany

�e IceCube Neutrino Observatory is currently the world’s largest high-energy

neutrino detector. A�er the initial detection of a di�use astrophysical neutrino

�ux in 2013, one of the main goals has been to associate parts of this �ux with

speci�c source classes. A few tentative ”hot spots” at the three-sigma level have

been found and associated with certain classes of Active Galactic Nuclei (AGN),

among them blazars and Seyfert galaxies.�e underlying physical mechanisms

of neutrino production, however, remain poorly understood. One problem for

neutrino source searches comes from the use of historically-driven class de�ni-

tions of AGN, which are based on speci�c spectral properties that are not nec-

essarily optimal for the selection of potential neutrino sources.

�is talk will motivate a study that aims to address this problem in two stages.

�e �rst stage will use multi-wavelength data to de�ne a source selection using

modern machine-learning approaches in a way that emphasizes intrinsic phys-

ical properties and mostly disregards the general AGN classi�cation. �is will

allow us to identify potential neutrino sources similar in physical properties to

those associated with the currently detected ”hot spots”. �e second part will

perform a statistical analysis in the form of a correlation analysis, for example a

stacking search, using these previously de�ned source selections.

T 18.4 Mon 17:00 T-H31
Blazar stacking using new and improved neutrino point-source analysis
method — ∙Tomas Kontrimas, Martina Karl, and Chiara Bellenghi

for the IceCube-Collaboration — Physik-department, Technische Universität

München, D-85748 Garching, Germany

�e IceCube Neutrino Observatory has experienced remarkable success in the

�eld of neutrino astronomy since its completion. One of the main goals is to

identify sources of the di�use astrophysical high-energy neutrino �ux. In 2018,

IceCube found evidence for a correlation between high-energy neutrinos and the

blazar TXS 0506+056. Blazars, one of the most powerful objects in the universe,

are among the most promising source candidates of high-energy neutrinos. We

present a new method improving the accuracy of the likelihood function, in-

cluding enhanced neutrino reconstruction and data calibration. Furthermore,

we discuss a correlation study between IceCube high-energy neutrinos and dif-

ferent classes of blazars.

T 18.5 Mon 17:15 T-H31
Neutrino source searches with DNN based Cascade Dataset in IceCube —
∙Mirco Hünnefeld for the IceCube-Collaboration — Astroparticle Physics

WG Rhode, TU Dortmund University, Germany

IceCube has discovered a �ux of astrophysical neutrinos and presented evidence

for one neutrino source, a �aring blazar known as TXS 0506+056. However, the

sources responsible for the majority of the astrophysical neutrino �ux remain

elusive. While charged-current muon-neutrino datasets (track events) are pre-

dominantly used for source searches due to their superior pointing resolution,

cascade events (neutral-current interactions of all neutrino �avors and charged-

current interactions of electron- and tau-neutrinos) allow to lower the energy

threshold in the southern sky for IceCube. In this contribution, searches for

neutrino sources are presented utilizing an improved cascade dataset that builds

upon recent advances in deep learning based reconstruction methods. �e re-

sulting dataset improves IceCube’s sensitivity in the southern neutrino sky and

is thus particularly promising for the identi�cation of neutrino production from

the galactic plane.

T 18.6 Mon 17:30 T-H31
Constraining populations of astrophysical neutrino sources with IceCube—
∙Chiara Bellenghi and Kristian Tchiorniy for the IceCube-Collaboration
— Technische Universität München, Physik-Department, James-Franck-Str. 1,

85748 Garching

�e discovery of a di�use �ux of high-energy astrophysical neutrinos in 2013

by the IceCube neutrino observatory has triggered a vast e�ort to identify the

mostly unknown sources of this signal. We present an analysis optimized for

identifying an excess of astrophysical neutrino clusterings produced by a popu-

lation of sub-threshold point sources. We aim at testing the hypothesis of time-

integrated emission in the Northern Hemisphere using 9 years of IceCube data.

We present here the methods and the potential of the analysis on constraining

the neutrino �ux contribution from populations of neutrino point sources.

T 18.7 Mon 17:45 T-H31
Targeting luminous optical transients in the search for high-energy neutrinos
— ∙Massimiliano Lincetto for the IceCube-Collaboration—Astronomisches

Institut, Ruhr-Universität Bochum, Bochum, Germany

Years a�er the discovery of astrophysical neutrinos by the IceCube Neutrino Ob-

servatory, the dominant sources of the measured �ux are still to be determined.

Despite existing evidence in favour of blazars, multi-messenger considerations

suggest the need of sources that do not produce high-energy gamma rays. Recent

observations, following the detection of a high-energy neutrino in coincidence

with a tidal disruption event, point to accreting black holes as promising can-

didate sources. With the rise of wide-�eld optical surveys such as the Zwicky

Transient Facility, an unprecedented amount of optical transients is being ob-

served on a regular basis. Among these, superluminous supernovae (SLSNe)

stand out as the most luminous class. �e power source behind such extreme

phenomena is still unclear: magnetars, black hole accretion or CSM interaction

have been proposed to explain their increased luminosity. In this contribution,

the prospects for targeting SLSNe in a search for high energy neutrinos with Ice-

Cube data are presented, giving an overview of the candidate event catalogue

and the proposed analysis methods.

T 18.8 Mon 18:00 T-H31
A Combined Analysis of IceCube’s High Energy Muon Tracks and Cas-
cades Neutrino Data — ∙Erik Ganster1, Markus Ackermann

2
, Jakob

Böttcher
1
, Philipp Fürst

1
, Jonas Hellrung

1
, Richard Naab

2
, Georg

Schwefer
1
, Roman Suveyzdis

1
, and Christopher Wiebusch

1
for the

IceCube-Collaboration —
1
Physics Institute III B, RWTH Aachen University,

Germany —
2
DESY, Zeuthen, Germany

�e IceCube Neutrino Observatory is observing a di�use �ux of high-energy as-

trophysical neutrinos in multiple detection channels. We combine two of these

channels, through-going muon tracks and contained cascades, in a single analy-

sis that employs a consistent treatment of signal and background as well as sys-

tematic uncertainties in a global �t.�en, the complementary information from

the two channels reduces the overall uncertainties in signal and background.

�is improves our understanding of the astrophysical neutrino �ux properties:

measuring the energy spectrum and testing the �ux composition. We will de-

scribe the method of this global �t and present �rst results from 10 years of Ice-

Cube neutrino data.

T 18.9 Mon 18:15 T-H31
Sensitivity of IceCube-Gen2 for the identi�cation of high-energy tau neu-
trinos and for the measurement of the �avour composition — ∙Neha
Lad

1
, Maximillian Meier

2
, and Markus Ackermann

1
for the IceCube-

Collaboration —
1
DESY, Zeuthen, Germany —

2
Dept. of Physics and Institute

for Global Prominent Research, Chiba University, Japan

�e IceCube neutrino observatory at the South Pole has disfavoured the ab-

sence of an astrophysical tau-neutrino �ux at the 2.8σ level. IceCube-Gen2 is
the planned extension of current IceCube detector, which will be about 8 times

bigger than the current instrumented volume. In this work, we study the sensi-

tivity of IceCube-Gen2 to the astrophysical �avour composition and investigate

it’s tau neutrino identi�cation capabilities. We apply the IceCube analysis on a

Gen2 dataset that mimics the High Energy Starting Event classi�cation. Recon-

structions are performed using sensors that have 3 times higher quantum e�-

ciency and isotropic angular acceptance compared to the current IceCube optical

modules. We present results of this sensitivity study.
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T 19: Cosmic Ray 1
Time: Monday 16:15–18:20 Location: T-H32

Group Report T 19.1 Mon 16:15 T-H32
�e Pierre Auger Observatory – Status, Results, Prospects— ∙Philip Ruehl
for the Pierre Auger-Collaboration — Center for Particle Physics Siegen, Exper-

imental Astroparticle Physics, University of Siegen

With an instrumented area of about 3000 km
2
, the Pierre Auger Observatory

is the world’s largest experiment for measuring cosmic particles. Its surface de-

tector (SD) array is comprised of 1660 water Cherenkov detectors with a next-

neighbor spacing of 1.5 km. �e atmosphere above the SD is monitored by 27

�uorescence telescopes.

Precision measurements of the cosmic-ray energy spectrum have recently

been extended down to 10
17
eV using the SD-750 low-energy enhancement of

the SD array, showing a gradual transition of the spectral index just above the

“knee”. A �rst measurement of the �uctuations in the muon content of air show-

ers at ultra-high energies can be used to constrain hadronic interaction models

trying to explain the observedmuon de�cit in air shower simulations. Recent ad-

vancements in the application of deep neural networks to Auger data enabled the

successful reconstruction of Xmax from SD data and an extraction of the muon
component of simulated SD signal traces. �e construction of the AugerPrime

upgrade together with the AMIGA enhancement is in progress and will further

enhance themass discrimination power of the Observatory with additional scin-

tillation and radio detector units in the SD array.

�e Pierre Auger project is supported by BMBF Verbundforschung As-

troteilchenphysik.

T 19.2 Mon 16:35 T-H32
Analysis of laser shots of the Aeolus satellite in the Pierre Auger Observatory
— ∙Felix Knapp for the Pierre Auger-Collaboration — Karlsruher Institut für
Technologie

�e Pierre Auger Observatory is a large-scale facility for the investigation of

ultra-high-energy cosmic rays. It uses a combination of surface detectors and

�uorescence telescopes to measure extensive air showers initiated by cosmic-ray

particles. Aeolus is an ESA-operated satellite with the mission of conducting

global wind pro�le measurements. To this end, a UV-lidar is employed which

emits laser beams towards Earth. When passing over the Pierre Auger Obser-

vatory, light that scatters o� the laser beam in the atmosphere is detected by the

Fluorescence Detector of the Observatory.�is allows for a reconstruction of the

laser tracks from the Fluorescence Detector data for several overpasses each year.

�ese laser tracks provide a unique opportunity for analyses of the atmosphere

above the Observatory.

In this presentation, we will explain the process of reconstructing laser tracks

from data taken by the �uorescence telescopes and give an overview of the possi-

ble application for aerosol measurements. Furthermore, some results of the laser

reconstruction are shown, including the most recent overpasses under a special

orbital con�guration of the satellite.

T 19.3 Mon 16:50 T-H32
A method to determine baselines of time traces at the Pierre Auger Obser-
vatory — ∙Tobias Schulz, David Schmidt, Darko Veberič, and Markus

Roth for the Pierre Auger-Collaboration — Karlsruhe Institute of Technology,

Institute for Astroparticle Physics, Karlsruhe, Germany

�e calibration and identi�cation of detector signals is crucial for minimizing

systematic uncertainties in measurements. A constant o�set, called the base-

line, which is generated by the electronics, has to be determined to properly

estimate the size of the signals. At the Pierre Auger Observatory, two detector

types, namely Water Cherenkov and Surface Scintillation Detectors, are used to

measure the lateral distribution of extensive air showers at the ground. To de-

termine the signal produced by the particles that enter the detectors, photomul-

tiplier tubes (PMTs) are used to collect the emitted Cherenkov or scintillation

light. �e PMTs have one low gain channel and one ampli�ed high gain chan-

nel. �e analog pulses are read out and sampled with a �ash analog to digital

converter in a FADC time trace.

A�er a signal, the output of the PMTs is reduced by an undershoot, resulting

in a lowered baseline, that recovers a�er a certain time period. Accidental muons

or late air shower components can result in additional signal in the traces, which

complicate the estimation of the baseline. Here, we present a method to estimate

the baseline, that is robust to signal contributions in the trace and accounts for

undershoot of the PMT.

T 19.4 Mon 17:05 T-H32
Combined analysis of the ultrahigh-energy cosmic-ray mass composition
and hadronic interaction cross-sections— ∙Olena Tkachenko for the Pierre
Auger-Collaboration — Karlsruhe Institute of Technology, Karlsruhe, Germany

Studies of the cosmic-ray mass composition and hadronic interaction proper-

ties can improve our understanding of the origin and nature of the ultrahigh-

energy cosmic rays. However, neither the mass composition nor the interaction

cross sections are well measured at ultrahigh energies and normally the standard

analyses require certain assumptions on either of these quantities to estimate the

other one.

In this talk, we present a method for the independent and simultaneous esti-

mation of the cosmic-ray composition fractions and proton-proton interaction

cross-sections. We perform a standard mass composition �t using the measured

distributions of the shower maximum of air showers (Xmax) while varying at
the same time the interaction cross-sections and thus getting the best-�t combi-

nation of the estimated quantities without making any underlying assumptions

on either of them. For this purpose, we modify the proton-proton interactions

and the corresponding nucleus-nucleus cross-sections are then rescaled via the

Glauber theory. We test the performance of thismethod and its sensitivity for the

di�erent composition and cross-section scenarios and compare the outcomes to

the standard approach. We also study the e�ects of the Xmax range selection and
Xmax scale uncertainty on the �t. Finally, we apply the method to data collected
at the Pierre Auger Observatory and discuss the results.

T 19.5 Mon 17:20 T-H32
Measurement of the Energy Spectrum of UHECRs with the Fluorescence De-
tector of the Pierre Auger Observatory — ∙Kathrin Bismark for the Pierre
Auger-Collaboration — Karlsruher Institut für Technologie, Karlsruhe, Ger-

many

�e origin of ultrahigh-energy cosmic-rays (UHECRs) is one of the unsolved

mysteries of modern-day astrophysics.�e �ux of UHECRs at Earth provides an

important constraint on the luminosity density of their sources and the features

in the UHECR energy spectrum shed light on the properties of astrophysical ac-

celerators and on the propagation of cosmic rays through extragalactic photon

�elds.

Combining the measurements of the surface (SD) and �uorescence detector

(FD) of the Pierre Auger Observatory allows us to determine a high resolution

hybrid energy spectrum. Due to the partially redundant measurement of air

showers with FD and SD, most event selection criteria and environmental in-

�uences on detection capabilities and reconstruction parameters can be investi-

gated using measured data instead of simulations.

�is presentation will focus in particular on the condition-independent vis-

ibility range of the FD, the so-called �ducial distance, given by the trigger ef-

�ciency of the FD.�is trigger e�ciency can be measured by determining the

conditional probability to trigger a �uorescence telescope given an air shower de-

tected by SD.�e results of this study are compared to predictions from detector

simulations and their impact on improvement of the precision of the measured

spectrum will be discussed.

T 19.6 Mon 17:35 T-H32
E�ects of magnetic �elds on anisotropies in the arrival direction of ultra-
high-energy cosmic rays — ∙Luca Deval, Ralph Engel, Thomas Fitoussi,
and Michael Unger — Karlsruhe Institute of Technology, Institut für Kern-

physik, Karlsruhe, Germany

�e source of ultra-high-energy cosmic rays (UHECRs) is still an open question

in astrophysics.�e latest analysis of the dataset from the Pierre Auger Observa-

tory revealed presence of anisotropy in the arrival direction of UHECRs which

is an indication of the signal contribution of nearby sources. A maximum like-

lihood analysis found a statistical signi�cance of 4σ for the correlation of the
measured arrival directions with a sample of nearby starbust galaxies (SBG). Al-

though, the dependence of the galactic magnetic �eld (GMF), which is expected

to have a key role in the arrival direction of charged particles, has not been con-

sidered.

In this work we present a study of the e�ects of the GMF on the arrival direc-

tions of particles related to di�erent source populations, namely SBG and active

galactic nuclei. We assume an injected cosmic ray spectrum with a mixed com-

position and a maximum rigidity. �e extragalactic propagation is simulated

with CRPropa3 while the de�ections of cosmic rays in the Galaxy are calculated

assuming the GMF model of Jansson&Farrar (2012).�e obtained results show

that it is possible to recover scenarios which are compatible with the results ob-

tained by the Pierre Auger Collaboration although the signal fraction related to

the source contribution has to be increased. Moreover no contribution of the

extragalactic magnetic �eld is necessary.

T 19.7 Mon 17:50 T-H32
Measuring the muon content of inclined air showers using the radio and par-
ticle detector of the Pierre AugerObservatory*— ∙MarvinGottowik for the

Pierre Auger-Collaboration— Bergische Universität Wuppertal, Gaußstraße 20,

42119 Wuppertal

A �rst measurement of the muon content of an air shower using hybrid radio

and particle detection is presented. For inclined air showers with zenith angles
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above 60
∘
, the water Cherenkov detector (WCD) of the Pierre Auger Observa-

tory performs an almost pure measurement of the muonic component, whereas

the Auger Engineering Radio Array (AERA) reconstructs the electromagnetic

energy independently using the radio emission of the air shower. �e analysis

of more than 6 years of AERA data shows a de�cit of muons predicted by all

current-generation hadronic interaction models for energies between 4 EeV and

20 EeV.�is de�cit, already observed with the Auger Fluorescence Detector, is

now con�rmed using for the �rst time radio data.�e analysis is limited by low

statistics due to the small area ofAERAand the high energy threshold originating

from the WCD reconstruction. With the AugerPrime Radio Detector currently

being deployed, this analysis can be extended to the highest energies to allow for

in-depth tests of hadronic interaction models with large statistics.

* Gefördert durch die BMBF Verbundforschung Astroteilchenphysik (Vorhaben
05A20PX1).

T 19.8 Mon 18:05 T-H32
Optimization of Radio Reconstruction for Inclined Air Showers with AERA
at the Pierre Auger Observatory* — ∙Jelena Petereit for the Pierre Auger-
Collaboration — Bergische Universität Wuppertal, Gaußstraße 20, Wuppertal,

Germany

�e Pierre Auger Observatory is the world’s largest cosmic ray observatory. Its

Auger Engineering Radio Array (AERA) consists of more than 150 antenna sta-

tions that cover an area of about 17 km
2
and is used to detect radio signals emit-

ted by extensive air showers.�ese measurements are used to reconstruct prop-

erties of the primary cosmic rays inducing the air showers.

�is talk describes the improvements that have been made on the AERA anal-

ysis with the Auger reconstruction framework. Using CoREAS simulations for

measured event geometries, noise extracted from data can be added to a simu-

lated pure signal. Various parameters for identifying noise dominated stations

for the rejection in the geometry reconstruction, such as the time di�erence be-

tween the pure signal and the signal with noise, are examined and modi�ed in

order to improve the event reconstruction.

*Gefördert durch die BMBF Verbundforschung Astroteilchenphysik (Vorhaben
05A20PX1)

T 20: Neutrino Physics without Accelerators 1
Time: Monday 16:15–18:40 Location: T-H33

Group Report T 20.1 Mon 16:15 T-H33
JUNO physics potential and status — ∙Alexandre Göttel for the JUNO-
Collaboration — Forschungszentrum Jülich GmbH, Nuclear Physics Institute

IKP-2, Jülich, Germany— III. Physikalisches Institut B, RWTHAachen Univer-

sity, Germany

�e Jiangmen Underground Neutrino Observatory (JUNO) is a next-generation

liquid scintillator experiment being built in the Guangdong province in China.

JUNO’s target mass of 20 kton will be contained in a 35.4 m acrylic vessel, it-

self submerged in a water pool, under about 700 m of granite overburden. Sur-

rounding the acrylic vessel are 17612 20” PMTs and 25600 3” PMTs. �e main

goal of JUNO, whose construction is scheduled for completion in 2022, is a 3-

4σ determination of the neutrino mass ordering (MO) using reactor neutrinos
within six years, as well as a sub-percent measurement of the oscillation param-

eters θ12, Δm
2
21, and Δm

2
31. JUNO’s large target mass, low background, and dual

calorimetry, leading to an excellent energy resolution and low threshold, allows

for a rich physics program with many applications - including solar-, geo-, and

atmospheric neutrino measurements. JUNOwill also be able to measure neutri-

nos from galactic core-collapse supernovae, detecting about 10,000 events for a

supernova at 10 kpc within 10 s, and achieve a 3σ discovery of the di�use super-
nova neutrino background in ten years. JUNO is also suited for exotic searches

and can be expected to give a lower limit of 8.34e33 years (90% C.L.) on the pro-

ton lifetime.�is group talk covers the rich neutrino and astrophysics potential

of the JUNO experiments and gives an update on the current experimental sta-

tus.

T 20.2 Mon 16:35 T-H33
Studies on the sensitivity for the Neutrino Mass Ordering Measurement of
JUNO— ∙NikhilMohan

1,3
, Alexandre Goettel

2,3
, Philipp Kampmann

1
,

Runxuan Liu
2,3
, Livia Ludhova

2,3
, Luca Pelicci

2,3
, Mariam Rifai

2,3
,

Apeksha Singhal
2,3
, and CorneliusVollbrecht

2,3
—

1
GSI Helmholtz Cen-

tre for Heavy Ion Research, Darmstadt —
2
Forschungszentrum Jülich GmbH,

Nuclear Physics Institute IKP-2, Jülich —
3
III. Physikalisches Institut B, RWTH

Aachen University, Aachen

JUNO is a multipurpose 20 kton liquid scintillator detector under construction

in a 700 m underground laboratory in China, positioned 53 km from Yangjiang

and Taishan nuclear power plants. �e central detector is being built with high

photocathode coverage of 78%, provided by 17,612 20-inch PMTs (LPMTs) and

25,600 3-inch PMTs (SPMTs).�e unprecedented expected energy resolution at

3%/xE[MeV] and the large �ducial volume anticipated for the JUNO detector
o�ers exciting opportunities for addressing many important topics in neutrino

and astroparticle physics.

�is talk will focus on the primary physics goal of JUNO, which is the determi-

nation of Neutrino Mass Ordering (NMO) via the measurement of the vacuum

oscillation pattern of the reactor antineutrinos. JUNO will detect the antineu-

trinos of electron �avor via the Inverse Beta Decay (IBD) interaction with a 1.8

MeV energy threshold. �e estimated sensitivity to the NMO is a 3-4 σ signi�-
cance with at least six years of data taking.

T 20.3 Mon 16:50 T-H33
Analysis of possible implications by the �nestructure in the reactor neutrino
spectrum on the JUNO NMO sensitivity — ∙Tobias Heinz, Lukas Bieger,
David Blum, Marc Breisch, Srijan Delampady, Jessica Eck, Gina Grü-

nauer, Benedict Kaiser, Frieder Kohler, Tobias Lachenmaier, Axel

Müller, Tobias Sterr, Alexander Tietzsch, and Jan Züfle — Eberhard

Karls Universität Tübingen, Physikalisches Institut

�e JiangmenUndergroundNeutrinoObservatory (JUNO) is a 20 kt liquid scin-

tillator detector currently constructed in southern China with the main goal to

determine the neutrino mass ordering (NMO).�erefore, JUNO measures the

reactor neutrino spectrum from two nuclear power plants located in a distance of

around 53 km.�e precise knowledge of the emitted reactor neutrino spectrum

is one of the major aspects for the NMO determination. In recent years, new

calculations of the spectrum predicted the existence of a spectral �nestructure

which could impede themeasurement with the unprecedented energy resolution

of the JUNO detector.

�is talkwill discuss possibilities to study the implications of the still unknown

�nestructure in the reactor neutrino spectrum for the sensitivity of the mass hi-

erarchy determination with JUNO. Further, some preliminary results of these

sensitivity studies will be presented.

�is work is supported by the Deutsche Forschungsgemeinscha�.

Group Report T 20.4 Mon 17:05 T-H33
�e Taishan Antineutrino Observatory — ∙Hans Theodor Josef Steiger
— Cluster of Excellence PRISMA+, Staudingweg 9, 55128 Mainz — Jo-

hannes Gutenberg Universität Mainz, Staudingerweg 7, 55128 Mainz — Physik-

Department, Technische Universität München, James-Franck-Str. 1, 85748

Garching, Germany

�e TAO (Taishan Antineutrino Observatory) detector is aiming for a measure-

ment of the reactor neutrino spectrum at very low distances (<30m) to the core

with a groundbreaking resolution better than 2 % at 1 MeV.�e TAO experi-

ment will realize the unprecedented neutrino detection rate of about 2000 per

day, which is approximately 30 times the rate in the JUNO main detector. In

order to achieve its goals, TAO is relying on yet to be developed, cutting-edge

technology, both in photosensor and liquid scintillator (LS) development which

is expected to have an impact on future neutrino and Dark Matter detectors.

In this talk TAO’s design, physics prospects as well as the status of its construc-

tion will be presented, together with a short excursion into its rich R&D program

with a special focus on the German contribution to the development of the novel

gadolinium-loaded liquid scintillator. �is work is supported by the Cluster of

Excellence PRISMA+ at the Johannes Gutenberg University in Mainz and the

DFG research unit JUNO.

T 20.5 Mon 17:25 T-H33
Event reconstruction for the neutrino mass ordering measurement of
JUNO — ∙Mariam Rifai

1,2
, Livia Ludhova

1,2
, Philipp Kampmann

3
,

Luca Pelicci
1,2
, Apeksha Singhal

1,2
, Alexandre Goettel

1,2
, Cornil-

ius Vollbrecht
1,2
, Runxuan Liu

1,2
, and Nikhil Mohan

2,3
—

1
Forschungszentrum Jülich GmbH, Nuclear Physics Institute IKP-2, Jülich,

Germany —
2
III. Physikalisches Institut B, RWTH Aachen University, Aachen,

Germany —
3
GSI Helmholtz Centre for Heavy Ion Research, Darmstadt, Ger-

many

�e Jiangmen Underground Neutrino Observatory (JUNO) is a multipurpose

liquid scintillator-based neutrino experiment with a target mass of 20 kt. �e

detector is currently under construction and plans to start the data-taking in

2023. Its main goal is the determination of the neutrino mass ordering (MO),
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through a measurement of the oscillation pattern of reactor neutrinos over 53

km baseline. For a successful measurement of MO with at least 3$\sigma$ in 6

years, the energy resolution of JUNOmust reach an unprecedented 3% at 1MeV,

which is challenging in terms of event reconstruction. Moreover, future JUNO

results about neutrino MO could be further improved via a combined analysis

with atmospheric neutrinos, which can be observed and reconstructed in JUNO.

To achieve this target performance, a precise knowledge of the detector’s energy

scale has been studied and event reconstruction methods based on charge and

time information of the PMTs will be presented in this talk.

T 20.6 Mon 17:40 T-H33
Machine learning based reconstruction of atmospheric neutrino events in
JUNO— ∙RosmarieWirth—Hamburg University, Hamburg, Germany

�e JiangmenUndergroundNeutrinoObservatory (JUNO) is a 20 kt liquid scin-

tillation detector. By observing reactor anti-neutrinos with a 53 km baseline,

JUNO aims to determine the mass hierarchy with 3 σ signi�cance.
Due to JUNOs large volume, it could be suitable to measure atmospheric neu-

trino events with high precision. In that case, this channel could deliver further

measurements on the mass ordering and the atmospheric oscillation parame-

ters. To obtain this goal su�cient reconstruction methods are needed.�is talk

presents machine learning based reconstructionmethods to analyze these atmo-

spheric neutrino events at JUNO.

T 20.7 Mon 17:55 T-H33
Event Reconstruction in JUNO-TAO using Deep Learing— ∙Vidhya Thara
Hariharan—University of Hamburg

�e primary goal of JUNO is to resolve the neutrino mass hierarchy using pre-

cision spectral measurements of reactor antineutrino oscillations. To achieve

this goal a precise knowledge of the unoscillated reactor spectrum is required

in order to constrain its �ne structure. To account for this, Taishan Antineu-

trino Observatory (TAO), a ton-level, high energy resolution liquid scintillator

detector with a baseline of about 30 m, is set up as a reference detector to JUNO.

�e 20% increase in the coverage of photosensors, the replacement of Photo-

multiplier Tubes (PMTs) with Silicon Photomultiplier (SiPM) tiles, the smaller

dimension and the low temperature at -51
∘
C, would enable TAO to achieve an

yield of 4,500 p.e./MeV. Consequently TAO will achieve an energy resolution

of 1.5%/E(MeV).�e measurement of the reactor antineutrino spectrum with

this energy resolution will provide a model-independent reference spectrum for

JUNO.

�e reconstruction can be performed using several approaches. However pre-

vious studies have proved Deep Learning yields competitive reconstruction re-

sults. Hence this work aims at demonstrating the general applicability of Graph

neural networks (GNNs) to reconstruct vertex and energy and later at studying

the directionality of TAO events.

T 20.8 Mon 18:10 T-H33
Search for the DSNB in JUNO: Development of new Methods for Back-
ground Event Identi�cation — ∙Matthias Mayer

1
, Lothar Oberauer

1
,

Raphael Stock
1
, Hans Steiger

2
, Konstantin Schweizer

1
, Ulrike

Fahrendholz
1
, David Dörflinger

1
, Sebastian Zwickel

1
, Simon Appel

1
,

Carsten Dittrich
1
, Vincent Rompel

1
, Luca Schweizer

1
, Korbinian

Stangler
1
, and Simon Csakli

1
for the JUNO-Collaboration —

1
Technische

Universität München, München, Germany —
2
Institute of Physics and EC

PRISMA+, Johannes Gutenberg Universität Mainz, Mainz, Germany

�e di�use supernova neutrino background (DSNB) is a constant, di�use �ux

of relic neutrinos from past core-collapse supernovae over the entire visible uni-

verse. �e upcoming Jiangmen Underground Neutrino Observatory (JUNO),

a 20 kton liquid scintillator detector, expects to observe the DSNB through

the inverse beta decay (IBD) detection channel. Besides IBD background from

other electron anti-neutrino sources, there are also neutron-induced background

events and NC interactions of atmospheric neutrinos of all �avours. �is non-

IBD background can be discriminated using pulse shape discrimination (PSD)

methods. In this talk, I investigate the possibility to increase the �ducial vol-

ume available for the DSNB search using machine learning methods. Further,

this talk discusses the e�ects of an electronics simulation and the �ourescence

parameter choice on the achievable PSD performance. �is work is supported

by the DFG research unit ”JUNO”, the DFG collaborative research centre 1258

”NDM”, and the DFG Cluster of Excellence ”Origins”.

T 20.9 Mon 18:25 T-H33
Indirect dark matter search with neutrinos in JUNO and THEIA — Lukas
Bieger, ∙David Blum, Marc Breisch, Srijan Delampady, Jessica Eck,

Gina Grünauer, Tobias Heinz, Benedict Kaiser, Frieder Kohler, Tobias

Lachenmaier, AxelMüller, Tobias Sterr, Alexander Tietzsch, and Jan

Züfle — Eberhard Karls Universität, Physikalisches Institut, Tübingen, Ger-

many

Neutrino detectors like the Jiangmen Underground Neutrino Observatory

(JUNO) and the prospective neutrino detector THEIA are sensitive to a poten-

tial neutrino �ux produced by dark matter self-annihilation in the Milky Way.

�e expected neutrino signals from dark matter self-annihilation and the rel-

evant backgrounds in the energy range from 10 MeV to 100 MeV are investi-

gated for both neutrino detectors. Further background suppression is realized

by pulse shape discrimination analysis in JUNO and by studying the ratio be-

tween Cherenkov and scintillation light in THEIA. Results of a sensitivity study

of JUNO and THEIA on the dark matter self-annihilation cross section are pre-

sented in this talk.�is work is supported by the Deutsche Forschungsgemein-

scha�.

T 21: Neutrino Physics without Accelerators 2
Time: Monday 16:15–18:35 Location: T-H34

Group Report T 21.1 Mon 16:15 T-H34
Sterile neutrino search at the keV mass scale with KATRIN — ∙Frank
Edzards for the KATRIN collaboration

1
, Marco Carminati

2,3
, David

Fink
1
, Carlo Fiorini

2,3
, Matteo Gugiatti

2,3
, Pietro King

2,3
, and Peter

Lechner
4
—

1
Max Planck Institute for Physics, Munich, Germany —

2
DEIB,

Politecnico di Milano, Milano, Italy —
3
INFN, Sezione di Milano, Milano, Italy

—
4
Halbleiterlabor der Max Planck Gesellscha�, Munich, Germany

Sterile neutrinos are a natural extension of the Standard Model of particle

physics. If their mass is in the keV range, they are a viable dark matter candidate.

One way to search for sterile neutrinos in a laboratory-based experiment is via

tritium beta decay. A sterile neutrino with a mass up to 18.6\,keV would man-

ifest itself in the decay spectrum as a kink-like distortion. �e objective of the

TRISTAN project is to extend the KATRIN experiment with a novel multi-pixel

silicon dri� detector and readout system to search for a keV-scale sterile neutrino

signal. �is talk will give an overview on the current status of the project. First

characterization measurement results obtained with a 166 pixel system will be

shown. �is work is supported by BMBF (05A17PM3, 05A17PX3, 05A17VK2,

05A17WO3), KSETA, the Max Planck society, and the Helmholtz Association.

T 21.2 Mon 16:35 T-H34
Shi�ed Analyzing Plane: Optimizing spectrometer potentials and �elds to
reduce background in KATRIN — ∙Benedikt Bieringer for the KATRIN-
Collaboration — Institut für Kernphysik, Uni Münster, Germany

�e KArlsruhe TRItium Neutrino (KATRIN) experiment aims at measuring the

electron antineutrino mass to an estimated sensitivity of 0.2 eV/c
2
at 90% CL

through spectroscopy of Tritium beta decay electrons using an electrostatic spec-

trometer of MAC-E �lter type. For this level of precision, a low spectrometer

background is required. �e novel Shi�ed Analyzing Plane method achieves a

signi�cant reduction of this background through optimization of MAC-E �lter

electric potentials and magnetic �elds. In this talk, computational and physical

methods are presented that enabled the reduction of background of the KATRIN

experiment by over a factor of two and fully eliminated measurable correlated

background events from trapped high-energetic electrons.�is includes a brief

introduction to the inner workings of a MAC-E �lter, a novel so�ware collection

to enable realtime �eld calculations based on Zonal Harmonic Field Expansion

and background modelling for the largest ultra-high vacuum component in the

KATRIN experiment.

�is talk presents work funded via BMBF contract numbers 05A20VK3,

05A20PX3, 05A20PMA and 05A17WO3.

T 21.3 Mon 16:50 T-H34
Determination of Electromagnetic Fields in the Shi�ed Analyzing Plane of
the KATRIN Main Spectrometer — ∙Fabian Block1 and Alexey Lokhov2
for the KATRIN-Collaboration—

1
Karlsruhe Institute of Technology—

2
WWU

Münster
�e KATRIN experiment aims to determine the e�ective electron antineutrino

mass with a sensitivity of 0.2 eV (90% C.L.) by high-resolution spectroscopy of

the endpoint region of the tritium β decay spectrum. To reach the sensitivity
goal, the experimental setup of KATRIN combines a windowless gaseous tri-

tium source with a high-resolution MAC-E �lter, called main spectrometer.�e

energy analysis of the β-decay electrons in the main spectrometer takes place via
a complex interplay of electric and magnetic �elds.

To improve the signal-to-background ratio during neutrinomassmeasurements,

the electromagnetic �eld con�guration in the main spectrometer is adapted to

the so-called Shi�ed Analyzing Plane (SAP). �e SAP electromagnetic �elds

need to be known with high precision in order for them to be taken accurately
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into account in the β-spectrum model applied in the �t of the data. We present
in this talk the results of SAP characterization measurements employing conver-

sion electrons of krypton-83m as sensitive probes for the electromagnetic �elds.

�is work is supported by the Helmholtz Association (HGF), the Ministry for Ed-
ucation and Research BMBF (05A17PM3, 05A17PX3, 05A17VK2, 05A20PMA,
and 05A17WO3), the Helmholtz Alliance for Astroparticle Physics (HAP), and the
Helmholtz Young Investigator Group (VH-NG-1055).

T 21.4 Mon 17:05 T-H34
aTEF: Background reduction at KATRIN via an active transverse energy �l-
ter — ∙Sonja Schneidewind

1
, Kevin Gauda

1
, Volker Hannen

1
, Alexey

Lokhov
1
, Hans-Werner Ortjohann

1
, Wolfram Pernice

2
, Richard

Salomon
1
, Maik Stappers

2
, and ChristianWeinheimer

1
for the KATRIN-

Collaboration —
1
Institut für Kernphysik, Universität Münster, Wilhelm-

Klemm-Str. 9, 48149 Münster, Germany —
2
Physikalisches Institut, Universität

Münster, Heisenbergstr. 11, 48149 Münster, Germany

�e Karlsruhe Tritium Neutrino Experiment (KATRIN) aims at the direct mea-

surement of the electron antineutrino mass with 0.2 eV/c
2
sensitivity from pre-

cision spectroscopy of the tritium beta decay.�e analysis of its �rst two science

runs yields a new upper limit of mí < 0.8 eV (90% C.L.). Even in the shi�ed-

analysis-plane (SAP) mode it is required to further lower the background rate to

reach the target sensitivity.�e background rate is dominated by electrons origi-

nating from ionisation of highly-excited (Rydberg) atoms produced by α-decays
in the spectrometer walls. �us, they cannot be distinguished from the signal

electrons by energy but they possess much smaller angles w.r.t. the beam axis

and, thus, much smaller cyclotron radii in the magnetic �elds of KATRIN.�e

aTEF idea is to construct a detector by microstructuring that is mainly sensitive

to the signal electrons because of their larger cyclotron radii. Investigations of

�rst prototypes based on microstructured silicon PIN detectors are presented in

this talk. �e work of the authors for KATRIN is supported by BMBF under

contract number 05A20PMA.

T 21.5 Mon 17:20 T-H34
Electron tracking simulations for the active transverse energy �lter at
KATRIN — ∙Richard Salomon, Kevin Gauda, Sonja Schneidewind,

Volker Hannen, Alexey Lokhov, Hans-Werner Ortjohann, and Chris-

tian Weinheimer for the KATRIN-Collaboration — Institut für Kernphysik,

Wilhelm-Klemm-Straße 9, 48149 Münster, Germany

�e Karlsruhe TritiumNeutrino Experiment (KATRIN) aims at determining the

electron neutrino mass with a sensitivity of 0.2 eV/c
2
from a precision measure-

ment of the tritium β-decay spectrum. To reach the desired sensitivity it is crucial
to minimize experimental background events especially in the endpoint region

of the electron spectrum.

One of the dominant backgrounds identi�ed is the ionization of highly-excited

(Rydberg) atoms inside the main spectrometer. To mitigate this background

source, the concept of an active transverse energy �lter (aTEF) is being inves-

tigated. As the electrons emitted by ionized Rydberg atoms, in contrast to most

signal electrons from tritium beta decay, possess only a small amount of energy

perpendicular to the guiding magnetic �eld, an angular-selective detector might

be able to distinguish between the two. In order to test this novel detection tech-

nique, prototypes consisting of microstructured Si-PIN diodes are currently in-

vestigated in a test setup inMünster.�is talk focuses on the accompanying par-

ticle tracking simulations which are essential for the analysis and interpretation

of measurement data.

�is project is supported by BMBF under contract number 05A20PMA.

T 21.6 Mon 17:35 T-H34
Combined analysis of the �rst �ve KATRIN measurement campaigns
with KaFit — ∙Stephanie Hickford and Leonard Köllenberger for the
KATRIN-Collaboration — Institute for Astroparticle Physics, Karlsruhe Insti-

tute of Technology

�e KATRIN collaboration aims to determine the neutrino mass with a sensi-

tivity of 0.2 eV/c2 (90% CL).�is will be achieved by measuring the endpoint
region of the tritium β-electron spectrum. Combined analysis of the �rst two
KATRIN measurement campaigns yielded a neutrino mass limit ofmí ≤ 0.8 eV
(90% CL).

Analyses of data from the �rst �ve measurements campaigns are currently

underway. One of the combined analyses is performed using the KaFit/SSC

model within the KASPER so�ware framework. In this analysis systematic un-

certainties are propagated as additional �t parameters with constraints (the “pull

term” method). An overview of the collected data and the expected combined

sensitivity on the neutrino mass from these �ve measurement campaigns will be

presented in this talk.

�is work is supported by the Helmholtz Association (HGF), the Ministry
for Education and Research BMBF (05A17PM3, 05A17PX3, 05A17VK2, and
05A17WO3), the Helmholtz Alliance for Astroparticle Physics (HAP), and the
Helmholtz Young Investigator Group (VH-NG-1055).

T 21.7 Mon 17:50 T-H34
Status of the KATRIN neutrino mass analysis using Monte Carlo propaga-
tion and a novel neural network approach — Christian Karl1,2, Susanne
Mertens

1,2
, ∙Alessandro Schwemmer

1,2
, and ChristophWiesinger

1,2
for

the KATRIN-Collaboration —
1
Max-Planck-Institut für Physik, München —

2
Physik Department, Technische Universität München, Garching

�e Karlsruhe TritiumNeutrino (KATRIN) experiment probes the e�ective elec-

tron anti-neutrino mass by a precision measurement of the tritium beta-decay

spectrumnear the endpoint. Aworld-leading upper limit of 0.8 eV c
−2 (90%CL)

has been set with the �rst two measurement campaigns. New operational con-

ditions for an improved signal-to-background ratio, the reduction of systematic

uncertainties and a substantial increase in statistics allow to expand this reach.

�e performance �gures of three additional datasets, analysed with theMonte

Carlo propagation method, and an outlook on their combination using a novel

neural network technique will be presented in this talk.

T 21.8 Mon 18:05 T-H34
Measurement of the dri� time in a silicon dri� detector for the KATRIN
experiment by laser pulsing — ∙Korbinian Urban1

, Marco Carminati
2,3
,

David Fink
1
, Carlo Fiorini

2,3
, Matteo Gugiatti

2,3
, Pietro King

2,3
, and

Peter Lechner
4
for the KATRIN-Collaboration —

1
Max Planck Institute for
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INFN, Sezione di Milano, Milano, Italy —

4
Halbleiterlabor der Max Planck

Gesellscha�, Munich, Germany

�e KATRIN experiment investigates the endpoint of the tritium beta-decay

spectrum to search for the e�ective mass of the electron neutrino. Furthermore,

the KATRIN experiment has the potential to also search for the signature of a

sterile neutrino in the keV-mass regime by measuring the entire tritium beta-

decay spectrum with an upgraded detector system. �e new detector system,

named TRISTAN, will be a multi-pixel silicon dri� detector. �is technology

provides an improved energy resolution at high rates compared to PIN detec-

tor diodes. �e radial dri� of a charge cloud to the small anode of each pixel

with 3mm radius can be a signi�cant contribution to the time resolution of the

detector. �is talk presents a measurement where a pulsed red laser is used to

characterize the dri� time in a 7-pixel TRISTAN detector device.

�is work is supported by BMBF (05A17PM3, 05A17PX3, 05A17VK2, and

05A17WO3), KSETA, the Max Planck society, and the Helmholtz Association.

T 21.9 Mon 18:20 T-H34
SQL database caching for calculating the response function of the KATRIN
experiment in HPC environments— ∙Jan Behrens and Fabian Block for the
KATRIN-Collaboration — Institut für Astroteilchen-/Experimentelle Teilchen-

physik, KIT Karlsruhe, Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-

Leopoldshafen

�e Karlsruhe Tritium Neutrino experiment aims to determine the mass of the
electron antineutrino with a sensitivity of 0.2 eV/c2 (90% C.L.). �e measure-
ment of the shape of the tritium beta-spectrum enables a model-independent in-

vestigation of the absolute neutrino mass scale.�e setup consists of a 70 m long

beam line that magnetically guides electrons from a gaseous, windowless tri-

tium source through an electrostatic spectrometer of the MAC-E �lter type.�e

neutrino mass analysis involves a time-consuming calculation of the response

function that depends on various experimental parameters, such as themagnetic

�elds along the beam line or the source column density. In order to facilitate a �t

over hundreds of data runs with varying conditions, a caching mechanism is im-

plemented which operates on a SQL database that can be shared between multi-

ple users. Using a central database allows to distribute the calculations in a HPC

cluster environment in order to improve the e�ciency of existing paralleliza-

tion techniques.�is work is supported by the Helmholtz Association (HGF), the
Ministry for Education and Research BMBF (05A17PM3, 05A17PX3, 05A17VK2,
and 05A17WO3), the Helmholtz Alliance for Astroparticle Physics (HAP), and the
Helmholtz Young Investigator Group (VH-NG-1055).
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T 22: Search for Dark Matter 1
Time: Monday 16:15–18:20 Location: T-H35

Group Report T 22.1 Mon 16:15 T-H35
Current status of the XENONnT Dark Matter Search Experiment — ∙Luisa
Hötzsch—Max-Planck-Institut für Kernphysik, Heidelberg— on behalf of the

XENON Collaboration
�e XENON experiments are among themost sensitive darkmatter (DM) detec-

tors, utilizing the concept of dual-phase xenon time projection chambers (TPCs)

for the direct detection of weakly interacting massive particles (WIMPs). �e

XENON1T detector, which utilized a total of 3.2 tonnes of xenon target, was able

to set the most stringent limits on the WIMP-nucleon spin-independent cross

section for WIMP masses above 6GeV/c
2
, with a minimum of 4.1 × 10

−47
cm

2

at 30GeV/c
2
.

�e latest iteration in the XENON experiment series is the XENONnT detec-

tor, which is currently running at the INFN Gran Sasso National Laboratory in

Italy. With a total of 8.4 tonnes of xenon, it is projected to improve the sensi-

tivity to WIMP dark matter by another order of magnitude. In addition, due

to its further background reduction by a factor of approximately 6, XENONnT

is expected to be able to clarify the nature of an electronic recoil event excess

observed in XENON1T.

In this talk, I will give an overview of the XENONnT detector and its subsys-

tems, and present the current status of the experiment.

T 22.2 Mon 16:35 T-H35
Light signal correction for the XENONnT experiment— ∙Johanna Jakob for
the XENON-Collaboration — Institut für Kernphysik - WWU, Münster, Ger-

many

XENONnT, the latest stage of the XENON dark matter project, is currently tak-

ing science data with the science goals to detectWIMP-nucleus scattering and to

search for other rare events.�e detector is a dual-phase time projection cham-

ber (TPC) �lled with 8.5 tonnes of liquid xenon. �e detector side walls re�ect

scintillation light caused by energy deposition in the detector, which is registered

at the top and bottom by photomultiplier arrays. Free electrons, additionally cre-

ated by the energy deposition in the detector, are dri�ed to the gaseous phase at

the top of the detector where they create a second scintillation light pulse by elec-

troluminescence. Both the light as well as the charge signal allow to perform a

3-dimensional position reconstruction of the recorded events.

�is talk focuses on the light signal reconstruction, which requires a correc-

tion of the position dependent light collection e�ciency and the understanding

of the e�ects of the non-uniform electric dri� �eld. Based on calibration data

with several internal sources, light collection e�ciency maps are derived and

applied to the light signals.

�is work is supported by BMBF under contract 05A20PM1 and by DFG

within the Research Training Group GRK-2149.

T 22.3 Mon 16:50 T-H35
Energy calibration of the XENONnT Experiment — ∙Henning Schulze
Eissing for the XENON-Collaboration— Institut für Kernphysik -WWU,Mün-

ster, Deutschland

�e XENON Dark Matter Project uses a dual phase time projection chamber

�lled with liquid xenon to search for Dark Matter in the form of weakly inter-

acting massive particles (WIMPs).�e current iteration, the XENONnT exper-

iment with 8.5 t of xenon, is taking science data and will also allow the investi-

gation of other science topics due to its extremely low background especially for

low energies.

�e energy deposition as well as the three-dimensional location of an event

in the detector is reconstructed using fast scintillation light signal and a delayed

charge signal. �e latter is converted into a light signal by electroluminescence

in the gaseous xenon phase above the liquid. �e size of the primary scintilla-

tion light and of the charge signal are anticorrelated. �is talk will outline the

energy calibration of the XENONnT experiment using several mono-energetic

gamma sources that can be found in the background data as well as in dedicated

calibration data using external and internal sources.

�is work is supported by BMBF under contract 05A20PM1 und by DFG

within the Research Training Group GRK-2149.

T 22.4 Mon 17:05 T-H35
Calibration of XENONnT with tagged neutrons in its TPC and water
Cherenkov neutron veto— ∙DanielWenz— Institut für Physik & Exzellen-

zcluster PRISMA+, Johannes Gutenberg-Universität Mainz, 55099 Mainz, Ger-

many

For more than a decade, liquid xenon (LXe) time projection chambers (TPC)

have been playing a key role in the direct search for WIMP dark matter and

other rare events. In 2018, XENON1T set the most stringent limits for WIMP-

nucleon couplings for masses above 6 GeV/c2. Building on this success, an even

larger LXe TPC called XENONnTwas built, which features a ~3-times larger tar-

get mass of 5.9 t. �e experiment reuses much of the existing infrastructure of

XENON1T, which has been augmented by additional sub-systems. One of these

new systems is a water Cherenkov neutron veto encapsulating the TPC cryostat.

Neutrons are capable of mimickingWIMP signals by undergoing a single-scatter

nuclear recoil inside the TPC and escaping the TPC cryostat. �e neutron veto

system has the goal to reduce the intrinsic nuclear-recoil background by serving

as an active veto for those neutrons.

In 2021, XENONnT successfully �nished commissioning and started science

data taking. In this talk, we will present the �rst results of XENONnT*s nuclear

recoil calibration as well as the calibration of the neutron-veto tagging e�ciency,

using coincident gammas and neutrons from an Americium-Beryllium source.

T 22.5 Mon 17:20 T-H35
Towards an automated krypton assay in xenon at the ppq level — ∙Robert
Hammann, Hardy Simgen, and Steffen Form — Max-Planck Institut für

Kernphysik, Heidelberg, Germany

�e beta-decaying isotope
85
Kr is one of the main internal background sources

of liquid xenon (LXe) detectors. With puri�cation techniques, it is possible

to reduce the concentration of krypton in xenon below 100 ppq (parts per

quadrillion). To model the background contribution of the remaining
85
Kr, it is

crucial for low-background experiments such as XENONnT to precisely quantify

the concentration of krypton in the detector material. �e rare gas mass spec-

trometer (RGMS) at MPIK Heidelberg can meet this requirement by measuring

the krypton concentration of an extracted xenon sample in two steps: First, kryp-

ton is separated from the bulk of xenon using a cryogenic gas chromatographic

system. �en, the amount of krypton is analyzed using a mass spectrometer.

A fully automatic rare gas mass spectrometer (AutoRGMS) is envisaged for the

krypton assay of future low-backgroundLXe detectors.�is instrumentwill con-

siderably facilitate the time-consuming measurement procedure, thus enabling

a more frequent krypton monitoring. In addition, larger adsorption traps with

a novel adsorbent will be employed, which makes the system sensitive to lower

krypton concentrations. A proof of concept was demonstrated with a test setup

of an automated gas chromatographic system in which stable conditions were

maintained for more than 10 hours during the separation process. Moreover,

the setup was used to test individual components and to �nd a working point for

AutoRGMS.

T 22.6 Mon 17:35 T-H35
Radon removal system of the XENONnT experiment — ∙Denny Schulte,
Henning Schulze Eissing, Philipp Schulte, Christian Huhmann, and

ChristianWeinheimer—WWUMünster
A novel high �ux radon removal system has been built for the darkmatter exper-

iment XENONnT reducing the dominant electron recoil background produced

by Rn-222 and its progenies. Continuous emanation from detector components

and its half-life of 3.8 days leads to a homogenous distribution of the Rn-222

within the detector system before it decays. Our radon removal method is based

on the vapor pressure di�erence of xenon and radon. We built a cryogenic dis-

tillation column with a throughput of 200 slpm to exchange the liquid xenon

mass of 8.5 tonnes within one mean lifetime of Rn-222 in order to decrease the

radon concentration by a factor 2. An additional extraction �ow of 25 slpm from

the xenon gas phase at the top of the XENONnT detector, where some speci�c

radon sources were identi�ed, demonstrated to provide an additonal radon re-

duction factor of nearly 2. Both reduction methods aim for reaching for the �rst

time a radon activity concentration of 1 μBq/kg in a xenon-based dark matter
experiment. To provide the enormous cooling power ofmore than 3 kW at about

-100
∘
C we use a heat-pump concept with custom-built, radon-free xenon com-

pressors and heat exchangers.

�is talk will focus on the principle, construction and commissioning mea-

surements of the radon removal system.

�e project is funded by BMBF under contract 05A20PM1.

T 22.7 Mon 17:50 T-H35
Coating techniques for radonmitigation in liquid xenon detectors— ∙Mona

Piotter, Hardy Simgen, and Florian Jörg—Max-Planck-Institut für Kern-

physik, Heidelberg

Searching for rare events like darkmatter interaction or neutrinoless double beta

decay using liquid xenon detectors, requires a low radon background. Radon,

which is part of the uranium and thorium decay chain, can continuously em-

anate from the detector materials. Current attempts to lower the radon induced

background include the selection of radio-pure materials, techniques allowing

to actively remove radon from xenon, as well as data selection criteria. How-

ever, next generation experiments will require even lower radon levels which

likely can not be achieved by employing those methods alone. A new technique

to stop radon emanation based on surface coatings has been investigated. �is

requires a tight and radium-free layer. We have developed a electro-deposited

copper coating and present here the promising results. During the development,
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we systematically investigated the coating parameters with the short-lived
220
Rn

emanating from tungsten rods or stainless steel plates. A�er this preliminary

tests we applied the coating to a suitable
222
Rn emanating stainless steel source,

which has a longer half-life. It was produced at the CERN facility ISOLDE by

implanting
226
Ra in stainless steel plates. In the talk we present the results of the

�rst coating of that sample.

T 22.8 Mon 18:05 T-H35
S1-based position reconstruction in dual phase time projection chambers—
∙Jaron Grigat—Albert-Ludwigs-Universität, Freiburg, Deutschland
Most particle interactions inside liquid xenon dual phase time projection cham-

bers (LXe-TPCs) create two light signals. Besides the prompt scintillation light

(S1), electrons from the interaction site are dri�ed in an electric �eld to the gas

phase of the TPC.�ere, they create a delayed proportional scintillation signal

(S2). Normally, the position in the x-y-plane is reconstructed from the hit pat-

tern of the S2 signal on the top photosensor array. �e depth of the interaction

can be calculated from the time delay between S1 and S2. In this talk, we explore

the possibility to reconstruct the 3D position by only looking at the S1 signal

using machine learning techniques. We discuss possible applications of this ad-

ditional information and show how this method can help us to characterize the

electric �eld inside the XENONnT TPC.

T 23: Experimental Techniques in Astroparticle Physics 1
Time: Monday 16:15–17:45 Location: T-H36

T 23.1 Mon 16:15 T-H36
Monte Carlo simulation of background components in low level Germanium
spectrometry— ∙Nicola Ackermann1

, Hannes Bonet
1
, Christian Buck

1
,

Janina Hakenmüller
1
, Gerd Heusser

1
, Matthias Laubenstein

2
, Man-

fred Lindner
1
, Werner Maneschg

1
, Jochen Schreiner

1
, and Herbert

Strecker
1
—

1
Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117

Heidelberg, Germany —
2
Laboratori Nazionali del Gran Sasso, Via G. Acitelli

22, 67100 Assergi L’Aquila, Italy

�is talk presents Monte Carlo simulations of the background spectra of the 4

screening detectors GeMPI 1 - 4 at the Gran Sasso Underground Laboratory

(LNGS) using the Geant4 based frameworkMaGe.�e GeMPI detectors are low

background Ge spectrometers located at a depth of 3500 m.w.e. and achieve ex-

tremely high sensitivites inmaterial screening at a level of μBq/kg.�ey are used
to test material samples on their suitability to use in rare event experiments. In

the simulations, muons, neutrons and tiny radioactive contaminations of the de-

tector and shielding materials are investigated as possible sources of background

radiation and it was found that the
210
Pb contaminations in the detector shield

and the neutrons coming from radioactive decays in the surrounding rock are the

biggest contributors. A detailed understanding of the composition of the back-

ground spectra was achieved, allowing for the suggestion of two new possible

shield designs for future GeMPI-like detectors

T 23.2 Mon 16:30 T-H36
Biases in the 76Ge 0íββ tagging fromcalibrations— ∙TommasoComellato1

,

Matteo Agostini
1,2
, and Stefan Schönert

1
—

1
Technical University of Mu-

nich, Garching beiMünchen, Germany—
2
University College London, London,

United Kingdom

�e analysis of the time pro�le of electrical signals in germanium detectors pro-

vides a powerful tool for a high e�ciency selection of neutrinoless double beta

decay (0íββ) of 76Ge. �e standard discrimination techniques are calibrated
using samples of 0íββ-like events, which either occur at a di�erent energy or
contain a signi�cant background contamination. With the help of a

56
Co source

(which was custom produced by the Jagiellonian University in Krakow), we

present a precision measurement of the biases of the standard event selection

techniques in 0íββ experiments with 76
Ge, and propose an additional calibra-

tion method.�is work has been supported in part by the ERC (Grant agr. No.

786430 - GemX) and by the SFB1258 funded by the DFG.

T 23.3 Mon 16:45 T-H36
Towards a low background SDD for IAXO — David Casado Moran

1,2
,

Frank Edzards
1,2
, Thibaut Houdy

3
, SusanneMertens

1,2
, Juan Pablo Ul-

loa Beteta
1,2
, ∙ChristophWiesinger

1,2
, andMichaelWillers

1,2
—

1
Max-

Planck-Institut für Physik, München —
2
Physik-Department, Technische Uni-

versität München, Garching —
3
IJCLab, Université Paris-Saclay, Paris

�e International Axion Observatory (IAXO) is aiming to detect solar axions, as

they are converted into X-rays in a strong magnet pointing towards the sun. Ex-

cellent spectroscopic performance, highX-ray absorption e�ciency at and below

10 keV and potential for ultra-low background operations are features of Silicon

Dri� Detectors (SSDs) that could facilitate this search. First measurements in

theMunich shallow underground laboratory have shown promising background

performance. Dedicated low-background designs, following a conventional pas-

sive shielding strategy and a novel all-semiconductor active shield approach, are

under development. In this talk, we will report on the latest achievement towards

a low background SDD for IAXO.

T 23.4 Mon 17:00 T-H36
�e Paci�c Ocean Neutrino Experiment: Results from three years of
path�nder data — Christopher Fink, Kilian Holzapfel, Stephan

Meighen-Berger, Imma Rea, Li Ruohan, ∙Lisa Schumacher, Maria

Sharshunova, and Laura Winter for the P-ONE-Collaboration — Experi-

mental Physics with Cosmic Particles, TU Munich

�e Paci�c Ocean Neutrino Experiment (P-ONE) is a planned, cubic-kilometer-

scale neutrino telescope at 2660 m depth in Cascadia Basin located o� the coast

of Vancouver, Canada. �e telescope is planned by a growing collaboration of

Ocean Networks Canada (ONC), and Universities from Germany, Canada and

the USA. Two path�nder experiments have been deployed in Cascadia Basin us-

ing the already available infrastructure of ONC: STRAW (STRings for Absorp-

tion length in Water) in 2018 and STRAW-b in 2020. Both path�nder experi-

ments - and P-ONE in the future - are based on vertical, deep-sea cable lines

equipped with multiple photosensors and calibration light sources. �e main

goal of the path�nder lines is to characterize the optical properties of the site,

which proved suitable to host P-ONE. Another purpose of the path�nder lines is

the monitoring of background light caused by K40 decay and bioluminescence,

by now over more than three years. We will present an overview over recent

results obtained with the STRAW and STRAW-b lines.

T 23.5 Mon 17:15 T-H36
Performance evaluation of the Wavelength-shi�ing Optical Module for
the IceCube Upgrade — ∙Yuriy Popovych1

, Sebastian Böser
1
, Anna

Pollmann
2
, John Rack-Helleis

1
, and Martin Rongen

1
for the IceCube-

Collaboration —
1
JGU Mainz —

2
Bergische Universität Wuppertal

In the upcoming IceCube Upgrade several new types of sensors will be deployed

so to increase the sensitivity and explore possibilities for the envisioned IceCube

Gen2 detector.

One of the modules to be deployed in the Upgrade is the Wavelength-shi�ing

Optical Module (WOM). It consists of a quartz tube coated with Wavelength-

Shi�ing (WLS-) paint with two Photomultiplier Tubes (PMTs) attached to its

ends located inside a quartz pressure vessel �lled with PFPE.�e paint absorbs

UV-photons and reemits them as visible light which is then captured through to-

tal internal re�ection and propagate to a PMT on each side. �is design results

in a large photosensitive area, UV-sensitivity and a high signal-to-noise ratio.

�rough various improvements, like the choice of the �lling material or coating

techniques the e�ciency of the modules can be optimized.

�is talk will present the optical design of the WOM and explain the contri-

butions of the single WOM components to e�ciency of the module. Further,

several simulation tools will be presented used to study and optimize the overall

performance.

T 23.6 Mon 17:30 T-H36
Timing characteristics of the Wavelength-shi�ing Optical Module — ∙John
Rack-Helleis

1
, Sebastian Böser

1
, Martin Rongen

1
, Klaus Helbing

2
,

Anna Pollmann
2
, Nick Schmeisser

2
, Yuriy Popovych

1
, and KyraMossel

1

for the IceCube-Collaboration —
1
Johannes Gutenberg Universität Mainz —

2
Bergische Universität Wuppertal

�e Wavelength-shi�ing Optical Module (WOM) uses the techniques of wave-

length shi�ing and light guiding to achieve a large photosensitive area, UV-

sensitivity and improved signal-to-noise ratio. �e centerpiece of the sen- sor

is a hollow quartz cylinder coated with wavelength-shi�ing paint with a PMT

(Photomultiplier Tube) optically coupled to each of its ends. Incident photons

are absorbed, wavelength shi�ed and re-emitted into the tube walls. From there,

they are guided towards one of the read out PMTs via total inter- nal re�ection.

While e�ective area and signal-to-noise ratio scale approximately linearly with

the cylinder length, the average time it takes photons to reach one of the readout

PMTs also increases.�e timing of theWOM can be described by a convolution

of three main components:�e time response of the attached read out PMT, the

photoluminescence characteristics of the WLS paint, and the path length distri-

bution of photons inside the WLS tube. In this presentation we elaborate on the

understanding of the timing of the WOM from a theoretical and experimental

stand point. We present the intricacies of a device where everything seemingly

runs in circles.
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T 24: Outreach Methods
Time: Monday 16:15–17:35 Location: T-H37

Group Report T 24.1 Mon 16:15 T-H37
Netzwerk Teilchenwelt als Plattform für Outreach in der Teilchenphysik,
Astroteilchenphysik sowie Hadronen- und Kernphysik — ∙Uta Bilow und
Michael Kobel für die Netzwerk Teilchenwelt-Kollaboration — Technische

Universität Dresden und 28 weitere Standorte
Forschende sind heute verstärkt gefordert, Einblick in ihre Arbeit zu geben und

den Dialog mit der fachfremden Ö�entlichkeit zu führen. Für die Physik der

kleinsten Teilchen existiert mit dem Netzwerk Teilchenwelt eine einzigartige

Struktur, in der sich bundesweit Forschungsgruppen aus 29 Instituten zusam-

mengeschlossen haben, um ihre wissenscha�liche Arbeit einem breiten Publi-

kum zugänglich zu machen. Netzwerk Teilchenwelt stellt etablierte Programme

und Strukturen bereit, mit denen Jugendliche bei Projekttagen die faszinieren-

de Forschung an Beschleunigern kennenlernen oder eigene Messungen mit De-

tektoren durchführen. Gleichzeitig werden junge Forscherinnen und Forscher

zur Wissenscha�skommunikation motiviert und befähigt. Ein mobiles Modul,

das durch Deutschland tourt, spricht weniger wissenscha�sa�ne Zielgruppen

an. Die Aktivitäten werden durch das BMBF-Projekt KONTAKT2 gefördert und

ausgebaut. Für Lehrkrä�e als wichtige Multiplikator:innen führt Netzwerk Teil-

chenwelt regelmäßig Fortbildungen im Programm Forschung tri Schule durch

und bietet ein breites Spektrum an Unterrichtsmaterial an. Der Vortrag stellt die

Angebote im Netzwerk Teilchenwelt sowie Beteiligungsmöglichkeiten für inter-

essierte Forscherinnen und Forscher vor.

T 24.2 Mon 16:35 T-H37
Urknall unterwegs: eine mobile Ausstellung zur Teilchenphysik — Uta

Bilow
1
, ∙Christian Klein-Bösing2, Michael Kobel

1
, Philipp Lindenau

1

und Joseph Piergrossi
1
für die Netzwerk Teilchenwelt-Kollaboration —

1
TU

Dresden, Institut für Kern- und Teilchenphysik —
2
WWUMünster, Institut für

Kernphysik

Seit Juli 2021 tourt die mobile Ausstellung Urknall unterwegs durch Deutsch-

land und macht Station in Fußgängerzonen und auf ö�entlichen Plätzen. Die

Ausstellung besteht aus einem sechs Meter langen begehbaren Tunnel, in dem

Besucherinnen und Besucher eine Reise durch die Geschichte des Universums

erleben. Zwei Infosäulen präsentieren auf unterhaltsame Art Wissenswertes zu

Elementarteilchen und Wechselwirkungen, erläutern Forschungsmethoden in

der Teilchenphysik und stellen anhand von Spin-O�s dar, wie die Teilchenphy-

sik und ihre Technologien unser tägliches Leben beein�ussen. Ein Pavillon mit

Spielen komplettiert die Schau. Mithilfe des eigenen Smartphones können Besu-

cherinnen und Besucher die Ausstellung interaktiv erkunden. Urknall unterwegs

kann in kurzer Zeit aufgebaut werden, da Tunnel und Säulen aufblasbar sind.

Die Ausstellung hat zum Ziel, Menschen aller Altersgruppen zu erreichen,

die eher weniger Berührung mit Wissenscha� haben. Sie entstand im BMBF-

geförderten Vorhaben KONTAKT in einer Zusammenarbeit von Weltmaschine

und Netzwerk Teilchenwelt. Der Vortrag stellt vor, welche Erfahrungen mit der

Ausstellung gesammelt wurden und welche Möglichkeiten zur Nutzung beste-

hen.

T 24.3 Mon 16:50 T-H37
I am a Scientist als niedrigschwelliger Beitrag zur Wissenscha�skommu-
nikation — Uta Bilow und ∙Lydia Döring für die Netzwerk Teilchenwelt-
Kollaboration — Technische Universität Dresden
Wissenscha� im Dialog gGmbH hat in Kooperation mit Netzwerk Teilchen-

welt den Austausch zwischen Jugendlichen und Forschenden auf niedrigschwel-

lige Art ermöglicht: Innerhalb von 30-minütigen Chats konnten Schulklassen

ihre Fragen rund um die Welt der kleinsten Teilchen beantwortet bekommen.

59 Schulklassen und 25 Forschende hatten sich für die zweiwöchige Aktion im

November 2021 registriert. Auch auf der Website I am a Scientist konnten die

Schülerinnen und Schüler Fragen stellen. Diese und die entsprechenden Ant-

worten, die neben physikalischen Fachfragen auch den beru�ichen Alltag und

den Werdegang der Wissenscha�lerinnen und Wissenscha�ler betre�en, sind

für die Ö�entlichkeit auf der Website nachlesbar. Zum Abschluss der Aktion

wurde als Lieblingswissenscha�ler Dominik Koll gekürt. Er ist als Kernphysi-

ker am Helmholtz-Zentrum Dresden-Rossendorf tätig und promoviert an der

TU Dresden und in Australien. Er hat besonders engagiert die Fragen beant-

wortet und den Wert von Grundlagenforschung herausgestellt. Um fake news

zu entgegnen, ist es wichtig zu wissen, wie wissenscha�liches Arbeiten funktio-

niert. Mit dem verliehenen Preisgeld möchte Koll Schulen besuchen, über wis-

senscha�liches Arbeiten aufklären und für die Forschung begeistern. Der Vor-

trag stellt die Aktion vor und begeistert für Wissenscha�skommunikation.

T 24.4 Mon 17:05 T-H37
Implementation of a Portal Dedicated to Higgs Bosons for Experts and the
General Public— Ivan Demchenko, Martin Kupka, André Sopczak, An-

toine Vauterin, and ∙Peter Zacik—CTU in Prague
�e implementation of a web portal dedicated to Higgs boson research is pre-

sented. A database is created with more than 1000 relevant articles using CERN

Document Server API and web scraping methods.�e database is automatically

updated when new results on the Higgs boson become available. Using natural

language processing, the articles are categorised according to properties of the

Higgs boson and other criteria.�e process of designing and implementing the

Higgs Boson Portal (HBP) is described in detail. �e components of the HBP

are deployed to CERN Web Services using the OpenShi� cloud platform. �e

web portal is operational and freely accessible on http://cern.ch/higgs.

T 24.5 Mon 17:20 T-H37
Management of conference presentations in CMS — ∙Arnd Meyer — III.

Physikalisches Institut A, RWTH Aachen, Germany

While presentations of the scienti�c output to the community in conferences

and workshops constitute a major duty of any collaboration, large collaborations

face the issue of ensuring the highest quality, a proper recognition of the work

done by members, and an adequate representation of all the contributing bodies

and institutions. In this talk, the management of conference presentations by

the CMS collaboration as well as a statistical analysis over the past 14 years are

summarized.

T 25: Data Analysis, Information Technology and Artificial Intelligence
Time: Monday 16:15–18:25 Location: T-H38

Group Report T 25.1 Mon 16:15 T-H38
CROWN - A So�ware framework for fast analysis ntuple production —
∙Sebastian Brommer1, Markus Klute

1
, Nikita Shadskiy

1
, Guenter

Quast
1
, RogerWolf

1
, and SebastianWozniewski

2
—

1
Karlsruhe Institute

of Technology —
2
Universität Göttingen

With the ever-increasing data recorded by the LHC experiments, new so�ware

solutions are required to handle the rising demand in computational power and

to ensure fast and e�cient processing of the data.�e CROWN framework is de-

signed to provide such a fast and robust solution for the conversion of stuctured

event data into �at ntuples for histogramming and further analysis. Within the

framework, code generation is used to create compiledC++ executables based on

ROOT data frames, ensuring fast data processing with minimal dependencies.

In this talk, the core concepts of the framework as well as performance com-

parisons to existing solutions are presented.

Group Report T 25.2 Mon 16:35 T-H38
Verringerung systematischer Unsicherheiten durch systematics-aware trai-
ning—Markus Klute, GünterQuast, ∙Lars Sowa, RogerWolf und Ste-

fanWunsch—Karlsruhe Institute of Technology (KIT)

Eine Aufgabe für Analysen in der Hochenergiephysik besteht in der Trennung

von Signal und Untergrundereignissen. Durch statistische Anpassung an Da-

ten werden mit Hilfe dieser Trennung Fitparameter und deren Unsicherhei-

ten, die die Genauigkeit der Fitparameter quanti�zieren, bestimmt. Um statisti-

sche Unsicherheiten dieser Fitparameter zu minimieren, nehmenmoderne Teil-

chenbeschleuniger enorme Datenmengen auf. Infolgedessen treten systemati-

sche Unsicherheiten verstärkt in den Vordergrund und Methoden zu deren Un-

terdrückung gewinnen für Analysen zunehmend an Wichtigkeit.

DieserVortrag präsentiert Studien zurVerringerung systematischerUnsicher-

heiten. Dabei wird eine diagnostische, auf Taylorkoe�zienten basierende Me-

thode verwendet, umden Ein�uss systematischerVariationen der Eingangspara-

meter auf die Ausgabefunktion eines Neuronalen Netzes zu untersuchen. Darauf

aufbauend werden erprobte Methoden für systematics-aware training erläutert

und vielversprechende, zur Umsetzung geplante Methoden vorgestellt.

T 25.3 Mon 16:55 T-H38
Understanding Event-Generation Networks via Uncertainties — Marco

Bellagente
1
, Manuel Haussmann

2
, ∙Michel Luchmann

3
, and Michel

Luchmann
4
—

1
Institut für�eoretische Physik, Universität Heidelberg, Ger-

many —
2
Heidelberg Collaboratory for Image Processing, Universität Heidel-

berg, Germany—
3
Institut für�eoretische Physik, Universität Heidelberg, Ger-

many —
4
Institut für�eoretische Physik, Universität Heidelberg, Germany

Following the growing success of generative neural networks in LHC simula-
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tions, the crucial question is how to control the networks and assign uncertain-

ties to their event output. We show how Bayesian normalizing �ows or invertible

networks capture uncertainties from the training and turn them into an uncer-

tainty on the event weight. Fundamentally, the interplay between density and

uncertainty estimates indicates that these networks learn functions in analogy

to parameter �ts rather than binned event counts.

T 25.4 Mon 17:10 T-H38
Evaluating Uncertainties inMeasurements of the Production of a Single Top-
Quark in Association with a Photon with Bayesian Neural Networks — Jo-
hannes Erdmann

1
, Burim Ramosaj

2
, and ∙DanielWall1— 1

TUDortmund

University, Department of Physics—
2
TUDortmund University, Department of

Statistics
Multivariate approaches including neural networks constitute powerful and es-

tablished methods in experimental particle physics. However, using these meth-

ods, it is di�cult to account for uncertainties from statistical and systematic

sources in a consistent and e�cient way. By employing weight distributions in-

stead of �xed weights and by utilising the process of Bayesian inference, Bayesian

Neural Networks not only su�er signi�cantly less from over�tting, but also allow

to obtain an uncertainty estimate on the output.

�ese characteristics are of particular interest in measurements of processes

su�ering from limited statistics and challenging signal-to-background ratios.

�e analysis of top-quark production in association with a photon (tqγ), prob-
ing the structure of the electroweak couplings of the top quark, is one of such

processes, as the corresponding cross section is considerably lower than those

of relevant background processes, most importantly top-quark pair production

(t t̄γ).
In this talk, studies of Bayesian Neural Networks for their application in the

classi�cation of top-quark processes in association with a photon are presented.

T 25.5 Mon 17:25 T-H38
Non-parametric background models for axion haloscopes — ∙Johannes
Diehl

1
, Jakob Knollmüller

2
, and Oliver Schulz

1
—

1
Max Planck Insti-

tute for Physics, Munich, Germany —
2
Max Planck Institute for Astrophysics,

Munich, Germany

Axions have been introduced to solve the strong CP problem of the standard

model of particle physics and turned out to be an excellent candidate to explain

cold dark matter. ”Haloscopes” are searching world wide for axions from the

galactic dark matter halo, mostly by axion conversion to photons at radio fre-

quencies in a strong B-�eld. Finding an axion signal in haloscope data means

�nding a small peak in a vast non-uniform RF background. One crucial chal-

lenge is therefore to selectively suppress larger frequency scales while inducing

as little attenuation and correlation as possible at smaller frequency scales.�is

has so far been tackled using �lter theory, e.g. through Savitzky-Golay �lters

for the HAYSTAC experiment, but proof that this is the optimal �lter to use is

still lacking. Using simulated data from the MADMAX haloscope, I present a

novel machine-learning based approach to separate scales and subtract the back-

ground without attenuating the signal which lends itself well to being incorpo-

rated into a �nal Bayesian analysis.

T 25.6 Mon 17:40 T-H38
Open Science in KM3NeT— ∙Jutta Schnabel for the ANTARES-KM3NET-
ERLANGEN-Collaboration — Erlangen Centre for Astroparticle Physics, FAU

Erlangen-Nürnberg

�e KM3NeT neutrino detectors are currently under construction at two loca-

tions in theMediterranean Sea, with a �rst taking of data from high-energy neu-

trino interactions already under way.�is scienti�c data is valuable both for the

astrophysics and neutrino physics communities as well as for marine biologists.

In order to facilitate FAIR data sharing of the research results, the KM3NeT col-

laboration is actively working towards an open science infrastructure to provide

high-level scienti�c data, so�ware, and analysis pipelines in an interoperable re-

search environment suited both for research and education. �is contribution

introduces the open science program of KM3NeT and gives an overview of its

current architecture and implementation.

T 25.7 Mon 17:55 T-H38
Columnar data analysis with ATLAS analysis formats — ∙Nikolai Hart-
mann— Ludwig-Maximilians-Universität München

Future analysis of ATLAS data will involve new small-sized analysis formats

to cope with the increased storage needs. �e smallest of these, named

DAOD_PHYSLITE, has calibrations already applied to allow fast downstream

analysis and avoid the need for further analysis-speci�c intermediate formats.

�is allows for application of the “columnar analysis” paradigm where opera-

tions are applied on a per-array instead of a per-event basis. �is presentation

shows the latest developments of tools within the scienti�c python ecosystem

and discusses a prototype analysis for testing both on single Machines as well as

Analysis Facilities or similar scale-out systems.

T 25.8 Mon 18:10 T-H38
Information visualization platform for data quality monitoring of CMS
tracker— ∙Abhit Patil— Ruprecht-Karls-Universität Heidelberg, Germany
�e tracker of theCMSdetector consists of silicon sensors arranged in concentric

cylinders and endcap disks to track muons, which requires continuous monitor-

ing during operation and certi�cation of the recorded data for physics analysis.

�e process relies on shi�ers who assess the data quality by comparing data dis-

tributions with references. �is challenging task requires examining possible

types of failures with expert-based rule systems and manual pro�ling of a large

number of histograms. To assess the quality of data volumes with �ner gran-

ularity and to improve the quality of the data certi�cation, this work proposes

to augment the monitoring process with information visualization based meth-

ods, which aims to pre-process large amount of multidimensional data during

the data taking period and provide a visual abstraction of the data quality and

provide hints for potential anomalies. �e visualisation methods are deployed

on a platform built using Python-Django framework and Postgres database.

T 26: Data Analysis, Information Technology and Artificial Intelligence
Time: Monday 16:15–18:30 Location: T-H39

T 26.1 Mon 16:15 T-H39
Investigation of robustness of b-Tagging algorithms for the CMS Experiment
— Xavier Coubez

1,2
, Nikolas Frediani

1
, Spandan Mondal

1
, Andrzej

Novak
1
, Alexander Schmidt

1
, and ∙Annika Stein1

—
1
RWTHAachen Uni-

versity, Germany —
2
Brown University, USA

Deep learning as one formofmachine learning is utilized for various applications

and shows its bene�ts also in the �eld of high-energy physics, or more speci�-

cally, for jet �avour tagging. However, subtle mismodelings in the simulation

could be invisible to typical validation methods. Investigating the response to

mismodeled input data is motivated by the later usage of the outputs in physics

analyses, as the values for simulation and data are deviating. �e vulnerability

of b-tagging algorithms used at the CMS experiment is probed through appli-

cation of adversarial attacks. In this talk, a corresponding defense strategy that

improves the robustness, namely adversarial training, will be presented. Com-

parisons of the model performance and the susceptibility show that this method

constitutes a promising candidate to reduce the vulnerability and that this could

improve the capability to generalize to data.

T 26.2 Mon 16:30 T-H39
Performance Studies of the Conditional Attention Deep Sets b-Tagger for the
ATLAS Experiment — ∙Alexander Froch1

, Manuel Guth
2
, and Andrea

Knue
1
—

1
Albert-Ludwigs-Universität Freiburg —

2
Université de Genève

�e identi�cation of jets containing b-hadrons, called b-tagging, is crucial for
most analyses performed at the ATLAS experiment. Several new multivariate

techniques have been developed for this purpose. One of these is the Deep-

Impact-Parameter-Sets (DIPS) tagger.

�e DIPS tagger is a deep neural network based on the Deep-Sets architecture. It

uses track information of the particles inside the clustered jets for classi�cation.

It is part of a new generation of tagging algorithms currently developed in AT-

LAS. DIPS itself can distinguish between di�erent jet origins, like light, charm

or bottom jets.

Although DIPS already outperforms the currently recommended RNNIP tag-

ger, its high-pT performance can still be improved further. While the number
of fragmentation tracks increases rapidly with pT , less heavy-�avour tracks are
being reconstructed at high pT . �erefore, it is more di�cult for this kind of
network to �lter the most important tracks.

To further enhance the tagging capabilities of DIPS and �x the issues arising in

the higher pT region, DIPS will be extended with an attention mechanism con-
ditioned on jet kinematics.�is new version is the Conditional Attention Deep

Sets (CADS) tagger.

�e new CADS tagger will be discussed and its performance will be compared

to the current best DIPS model.

T 26.3 Mon 16:45 T-H39
Charm tagger shape calibration for BDT-based signal-background discrim-
ination — ∙Spandan Mondal

1
, Xavier Coubez

1,2
, Alena Dodonova

1
,

Ming-Yan Lee
1
, Luca Mastrolorenzo

1
, Andrzej Novak

1
, Andrey

Pozdnyakov
1
, Alexander Schmidt

1
, andAnnika Stein

1
—

1
RWTHAachen

University —
2
Brown University, USA
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Identi�cation of charm-quark-initiated jets at the LHC is especially challenging.

Usage of deep learning based algorithms have enabled several CMS analyses to

e�ciently discriminate charm jets simultaneously from bottom and light jets.

�e charm probability scores yielded by such charm tagging algorithms can play

a powerful role when used as inputs to a machine learning based algorithm for

discrimination between signal and background. However, as jet identi�cation

algorithms are trained strictly on simulated jets, a direct usage of charm tagger

output values requires calibrating the entire output probability distributions us-

ing real jets reconstructed from CMS data. �is talk focuses on the calibration

of the output discriminator values of charm-tagging algorithms using �avour-

enriched selections of jets in data. Additionally, the improvement resulting from

a shape calibration approach, over the traditional approach of calibrating e�-

ciencies at �xed c-tagger working points, is exempli�ed in the context of the

resolved VHcc analysis.

T 26.4 Mon 17:00 T-H39
Reduction of the Irreducible Background in the t t̄H(bb̄) Analysis at ATLAS,
Using a Deep-Sets-Based bb̄-Tagger — ∙Joschka Birk, Alexander Froch,
and Andrea Knue—Albert-Ludwigs-Universität Freiburg

�e search for the t t̄H(bb̄) signal su�ers from the large irreducible t t̄ +bb̄ back-
ground. �is irreducible background contains the same �nal-state particles as

the signal, including four b quarks. In the background process, a radiated gluon
can split into a b-quark pair, which o�en leads to two b-jets that are very close
together. With the currently used b-tagging algorithm, these bb̄-jets are o�en
misidenti�ed as a single b-jet.
In order to improve the rejection of these background events, the existing Deep-

Impact-Parameter-Sets (DIPS) Tagger is extended with an additional output

class dedicated to jets which contain two b-hadrons (bb̄-jets). DIPS is part of
a new ATLAS b-tagging algorithm, based on the Deep Sets architecture, and has
already shown promising performance compared to the RNNIP tagger, which is

part of the DL1r tagger that is currently used in ATLAS analyses. Studies of this

extended version of the DIPS tagger, including �rst results of a hyperparameter

optimisation, are presented.

T 26.5 Mon 17:15 T-H39
High-pT b-tagging using track classi�cation in the ATLAS experiment
— Beatrice Cervato, Markus Cristinziani, Gabriel Gomes, Vadim

Kostyukhin, ∙Katharina Voss, and Wolfgang Walkowiak — Center for

Particle Physics Siegen, Experimentelle Teilchenphysik, Universität Siegen

In the ATLAS experiment the search for new physics beyond the StandardModel

is of particular interest. Inmany theories, newphysics processes result in the pro-

duction of energetic b-quarks, fragmenting to high-pT jets in the detector. Many
successful b-jet identi�cation algorithms su�er from the jet energy increase due
to higher multiplicity of fragmentation tracks, reduced track reconstruction ef-

�ciency and, looking ahead to the High-Luminosity LHC, increased pile-up. As

b-tagging algorithms typically use properties of the track-in-jet ensemble, the in-
creasedmultiplicity of fragmentation tracks in energetic jets inevitably decreases

the b-tagging e�ciency at high pT . A b-tagging algorithm, based on a multi-
variate technique, particularly suited for very energetic events, is presented.�e

multiplicity problem is solved by considering only those tracks, which are most

likely to stem from a B-hadron decay.�ese are identi�ed through a multi-class
multivariate track classi�cation algorithm, considering heavy �avour, fragmen-

tation and other tracks from material interactions, as well as pile-up tracks.

T 26.6 Mon 17:30 T-H39
Exploration of neural network architectures for Flavour Tagging algorithms
at the LHCb experiment— ∙Vukan Jevtic1, Quentin Führing1, Christoph
Hasse

3
, Niklas Nolte

2
, and Claire Prouvé

1
—

1
Experimentelle Physik 5,

TU Dortmund —
2
MIT —

3
CERN

�e LHCb detector at the LHC is specialised for measurements of B meson
decays, which open a window into the nature of weak interactions through

measurements of rare decays and charge parity (CP) violation. In the Stan-
dard Model, CP violation is enabled through a complex phase of the Cabibbo-
Kobayashi-Maskawa quark-mixing matrix. B meson mixing refers to the prop-
erty of neutral B mesons to oscillate between two states of matter, B0

q and B0
q ,

with di�erent quark contents (i.e. di�erent �avours).

�e reconstruction of the �avour at the time of the B meson production is a
di�cult but indispensable component of measurements of time-dependent CP
violation at LHCb. In this talk new approaches to Flavour Tagging via full-event-

interpretation techniques will be presented by the example of recurrent neural

networks and deep sets.

T 26.7 Mon 17:45 T-H39
Regression ofMissingTransverseMomentum (MET)withGraphNeural Net-
works— ∙Nikita Shadskiy1, Matteo Cremonesi

2
, Jost von denDriesch

1
,

LindseyGray
3
, UlrichHusemann

1
, Yihui Lai

4
, andMichaelWassmer

1
—

1
Institute of Experimental Particle Physics (ETP), Karlsruhe Institute of Tech-

nology (KIT) —
2
University of Notre Dame —

3
Fermilab —

4
University of

Maryland

Neutral particles that are only interacting weakly, like neutrinos, which are

known from the standard model, or other, still unknown, particles in theories

beyond the standard model, can be measured indirectly using the missing trans-

versemomentum (MET). Analyses which search for speci�c invisible particles or

expect such particles in their �nal state need well reconstructedMET.�e recon-

struction of MET is sensitive to e.g. experimental resolutions, mismeasurements

of reconstructed particles or pileup interactions and is therefore a challenging

task.

�is talk will give an overview about a new approach to reconstruct METwith

graph neural networks using information from particle �ow (PF) candidates.

Particle �ow is an algorithm used by the CMS collaboration to reconstruct par-

ticles by combining information from di�erent detector parts. Using graphs is

a more intuitive way to describe the topology of an event because it has the ad-

vantage to be permutation invariant. �us, the order of the PF candidates is

irrelevant. �e graph neural network is optimized to predict a weight for each

PF candidate.�ese predictions are then used to weight the contribution of each

PF candidate in the calculation of MET.

T 26.8 Mon 18:00 T-H39
Studies ofmachine learning inspired clustering algorithms for jets—Amrita
Bhattacherjee

1
, DebarghyaGhoshdastidar

1
, ∙SiddhaHill2, and Stefan

Kluth
2
—

1
TUM Informatik —

2
MPI für Physik

We study several machine learning inspired hierarchical clustering algorithms

algorithms to cluster the particles of hadronic �nal states in high energy e+e- col-

lisions into jets. We compare their performance against well known algorithms

such as JADE or Durham. Performance indicators are physically motivated such

as angular distance or energy di�erence of matching jets at parton, hadron or de-

tector level. We also study new performance indicators derived from computer

science clustering theory.

T 26.9 Mon 18:15 T-H39
Improvement of the Jet-Parton Assignment in t t̄H(bb̄) Events using
Symmetry-Preserving Attention Networks — ∙Daniel Bahner, Andrea
Knue, and Gregor Herten—Albert-Ludwigs-University, Freiburg, Germany

�e associated production of a Higgs boson and a top-quark pair allows for a di-

rect measurement of the top-Higgs Yukawa coupling, which can be sensitive to

Beyond Standard Model physics. In the studies presented, the process of interest

is the semileptonic decay of the t t̄-pair accompanied by a bb̄-pair resulting from
the most prominent Higgs decay. In this topology, at least four b-jets and two
light jets are expected. �is Higgs decay channel su�ers from irreducible back-

ground due to t t̄ + bb̄ production. Furthermore, the full reconstruction of this
�nal state proves di�cult because of the ambiguities in assigning the jets to their

original parton, which is called combinatorial background.

In the latest publication, a Boosted Decision Tree was used for the jet-parton

assignment. In the studies presented in this talk, a novel Symmetry-Preserving

Attention Network is exploited (suggested in arXiv:2106.03898). �e training

was performed and evaluated on two di�erent samples: In the �rst sample the

full detector simulation with Geant4 and the new ATLAS b-tagging algorithm
DL1r was used and in the second sample the Delphes framework was used.�e
performances of the networks and possible future improvements will be pre-

sented.

T 27: Invited Talks 2
Time: Tuesday 11:00–12:30 Location: T-H15

Invited Talk T 27.1 Tue 11:00 T-H15
First Results From the Next Generation B-Factory Experiment Belle II —
∙Thomas Kuhr— Ludwig-Maximilians-Universität München
�e �rst generation B-factory experiments BaBar and Belle had successfully con-

�rmed the theory of CP violation in the Standard Model, but it is known to be

insu�cient to explain the observed matter anti-matter asymmetry in the uni-

verse. To address this and further open questions more precise measurements

are needed to �nd evidence for a more general theory.

�e Belle II experiment at the SuperKEKB accelerator in Tsukuba, Japan is

designed to collect 50 times more data than its predecessor. �e increase in lu-

minosity and backgrounds is a challenge for the detector and the data processing

and analysis.�e physics data run started in 2019.
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�e status of the experiment, with focus on the Pixel Vertex Detector, and �rst

physics results, highlighting the complementarity to the �avor physics program

at the LHC, will be presented.

Invited Talk T 27.2 Tue 11:30 T-H15
Flavour Anomalies — ∙Christoph Langenbruch — RWTH Aachen, Ger-

many

Precision measurements of observables in heavy �avour decays constitute pow-

erful tests of the Standard Model of particle physics. New heavy particles be-

yond the Standard Model can signi�cantly a�ect �avour observables through

(virtual) quantum corrections. Precisionmeasurements of these observables can

reveal potential deviations from the Standard Model predictions and probe en-

ergy scales far beyond the beam energies presently available at colliders.

�e talk will present recent precision measurements of �avour observables by

the B-factories BaBar and Belle (II), and the LHC experiments ATLAS, CMS,
and LHCb. Particular focus will be on the �avour anomalies, recent tensions be-

tween measurements and SM predictions in the �avour sector, and prospects for

their clari�cation in the near future.

Invited Talk T 27.3 Tue 12:00 T-H15
�e top quark is still going strong (and electroweak) — ∙Andrea Knue —
Albert-Ludwigs-University Freiburg

�e unique properties of the top quark have fascinated particle physicists since

several decades. With its large mass, the top quark is expected to be connected

to the mechanism of electroweak symmetry breaking. Moreover, the top quark

is key to most research areas at the LHC: it can be measured very precisely, it is

involved in rare processes that are �nally accessible and it plays a special role in

beyond-standard-model theories that are constantly being tested.

In this talk, the latest top-quark results will be discussed, revealing a rich re-

search landscape that is thriving on the abundance of collision data available at

the LHC.

T 28: Invited Topical Talks 1
Time: Tuesday 14:00–15:40 Location: T-H15

Invited Topical Talk T 28.1 Tue 14:00 T-H15
Hadronic Jets: Accuracy and Precision of their Reconstruction and Calibra-
tion in ATLAS— ∙Christopher Young—University of Freiburg, Freiburg im
Breisgau, Germany

Hadronic jets are proli�cally produced in LHC collisions such that their recon-

struction is essential for understanding many di�erent physics processes. �is

talk will detail how such jets are precisely reconstructed in the ATLAS detector

using a particle �ow algorithm developed for the high pile-up environment of

Run 2 of the LHC and beyond. Additionally the accuracy of the calibration of

the energy scale of hadronic jets is a leading source of experimental systematic

uncertainty in many searches and measurements. �e derivation of the latest

calibration using data, and the accuracy and understanding achieved will also

be covered.

Invited Topical Talk T 28.2 Tue 14:25 T-H15
Direct searches testing BSM explanations of the �avor anomalies — ∙Arne
Christoph Reimers—Universität Zürich, Switzerland

Anomalies measured in the decay of B mesons have revealed �rst indications

for the possible existence of lepton �avor universality violation. If con�rmed

by future measurements, the presence of such processes in nature would imply

physics beyond the standard model.

In this presentation, LHC results of direct searches for new particles that are

commonly proposed as an explanation for the �avor anomalies are reviewed.

Particular emphasis is given to �nal states with large transverse momenta.

Invited Topical Talk T 28.3 Tue 14:50 T-H15
ATLASprobesQCDmeasuring photons— ∙HeberthTorres—TUDresden,
Germany

�e production of prompt isolated photons in proton-proton collisions is an im-

portant test of perturbative QCD prediction. Despite its electromagnetic nature,

photon production at the LHC is a�ected by surprisingly large strong-interaction

e�ects. �anks to the precise ATLAS measurements of photon processes, the

collaboration is able to probe these e�ects and scrutinise state-of-the-art theo-

retical calculations. In this talk, we present the latest measurements of prompt

photon production using proton-proton collision data collected by the ATLAS

experiment at $s = 13 TeV.

Invited Topical Talk T 28.4 Tue 15:15 T-H15
�e upgrade of the ATLAS trigger to augment the physics reach of Run-3—
∙Daniele Zanzi—Albert-Ludwigs-Universität Freiburg, Freiburg, Germany
�e ATLAS experiment uses a two-level trigger system to record about 1 kHz out

of the 40 MHz of collisions delivered by the LHC. A�er a very successful opera-

tion inRun-2, theATLAS trigger systemhas gone through a radical upgrade both

in hardware and in so�ware in preparation for Run-3.�is upgrade is critical for

maintaining the high data-taking e�ciency achieved in Run-2, while opening up

new trigger opportunities to augment the ATLAS physics programme.�is talk

will present an overview of the ATLAS trigger system in Run-3 together with

studies on its expected performance.

T 29: Invited Topical Talks 2
Time: Tuesday 14:00–15:40 Location: T-H16

Invited Topical Talk T 29.1 Tue 14:00 T-H16
Testing the Standard Model through Gauge-boson Self-interactions —
∙Philip Sommer — �e University of She�eld, She�eld, United Kingdom;

CERN, Geneva, Switzerland

In the Standard Model, electroweak interactions of fermions proceed through

the exchange of gauge bosons, theW and Z bosons, and the photon. In addition,
self-interactions of the gauge bosons through trilinear and quartic couplings are

predicted. At the LHC, these lead to the production of single- and multiboson

�nal states. Measurements of such processes, thus, provide a sensitive probe of

the gauge structure of the electroweak theory. �e pp collision data from the
second experimental phase of the LHC has allowed for precise measurements

of processes proceeding through trilinear couplings and facilitated, for the �rst

time, the observation of a number of processes that proceed through quartic elec-

troweak couplings. Recentmeasurements of single- andmulti-boson production

by the ATLAS collaboration are presented.�e agreement of the measurements

with the theoretical predictions is quanti�ed by constraining E�ective Field�e-

ory operators that modify the trilinear and quartic gauge-boson self-interactions

in a general extension of the Standard Model.

Invited Topical Talk T 29.2 Tue 14:25 T-H16
Axions and similar particles - how to cover 1017 orders of magnitude in mass
— ∙Kristof Schmieden— Johannes Gutenberg-Universität Mainz
Axions, the famous hypothetical particle that explains the absence of CP viola-

tion in QCD, was already though of in the 70ies. Yet only in the past decade the

hunt for this and similar particles took up pace, which huge advancements in the

recent years. �e reason behind the growing interest is the understanding that

axions and axion-like particles can contribute to the dark matter content of the

universe. In fact, pseudo-scalar particles are a natural prediction of many exten-

sions of the Standard model and even possibly explain the muon (g-2) anomaly.

Considering the general case of pseudo-scalar particles a huge parameter space

in mass and coupling to SM particles opens up, requiring a variety of experi-

mental approaches to hunt for these particles. �is talk will brie�y introduce

the phenomenology of axions and axion-like particles and discuss a selection of

experiments and their latest results in more detail.

Invited Topical Talk T 29.3 Tue 14:50 T-H16
FromGERDA to LEGEND -Hunting noneutrinos— ∙ChristophWiesinger

—Max-Planck-Institut für Physik,München—Physik-Department, Technische

Universität München, Garching

Hidden by their tiny mass, neutrinos may carry a profound secret with far-

reaching consequences for both particle physics and cosmology. Given zero elec-

tric charge and no color, they may beMajorana particles - fermions that are their

own anti-particles. Double beta decay o�ers a unique probe for this hypothesis.

Finding no neutrinos, but solely two electrons sharing the full available decay

energy, would prove lepton number non-conservation and reveal the Majorana

character of neutrinos. �e superb spectroscopic performance of high-purity

germanium detectors provides exceptional discovery potential for this mono-

energetic peak.�e GermaniumDetector Array (GERDA) experiment has oper-

ated 40 kg of enriched germanium in an instrumented low-background liquid ar-

gon environment. In a total exposure ofmore than 100 kg yr, taken under record-
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low background conditions, no signal was found. �e corresponding half-life

limit for neutrinoless double beta decay of
76
Ge is >1.8⋅1026 yr at 90% C.L., and

coincides with themedian sensitivity for the null hypothesis.�e Large Enriched

GermaniumExperiment forNeutrinoless double betaDecay (LEGEND) is about

to expand this search towards 10
28
yr and beyond. Following LEGEND-200, the

initial 200-kg phase currently under construction, LEGEND-1000 will probe the

full parameter space spanned by the inverted ordering scenario.

Invited Topical Talk T 29.4 Tue 15:15 T-H16
MappingHighly-EnergeticMessengers throughout theUniverse— ∙SaraBu-
son— Institut für�eoretische Physik und Astrophysik, Universität Würzburg

Cosmic rays prove that our Universe hosts elusive astrophysical ”monsters” ca-

pable of continuously and e�ciently accelerating particles at extreme energies.

High-energy photons and neutrinos may be the key to ultimately decipher the

mystery of cosmic rays. In 2017, the candidate detection of neutrino emission

from the direction of the gamma-ray �aring blazar TXS 0506+056 has put for-

ward gamma-ray blazars as promising neutrino point-sources, hence cosmic-ray

accelerators. However, to date there is neither a consistent picture for the physi-

cal mechanism nor a theoretical framework capable of convincingly explain the

full set of multi-messenger observations. I will present initial encouraging steps

in this multimessenger (electromagnetic and neutrino) quest and �nally discuss

the latest status of the �eld.

T 30: Flavour Physics 3
Time: Tuesday 16:15–18:30 Location: T-H15

T 30.1 Tue 16:15 T-H15
Time-Dependent Charge-Parity Violation at Belle II— ∙Caspar Schmitt—
Max-Planck Institute for Physics, Munich, Germany

Overconstraining the unitarity triangle of the Cabibbo-Kobayashi-Maskawa

mixing matrix by precision measurements is an essential test for the description

of weak currents in the standard model (SM) of particle physics. We thereby test

our present understanding of charge-parity (CP) violation in the quark sector

and search for CP violation beyond the SM, necessary to explain the observed

baryon-asymmetry in the universe.

We present time-dependent measurements of CP violation and �avor mixing

in the B meson system using data from the Belle II Experiment. We introduce

the measurement principles of time-dependent analyses at B factories and put

emphasis on our latest analysis of �avor mixing in the neutral B meson system.

In particular, we focus on the treatment and estimation of uncertainties resulting

from residual background processes.

T 30.2 Tue 16:30 T-H15
Inclusive analysis of untagged B → Xl+ l− decays at Belle II— ∙Sviatoslav
Bilokin and ThomasKuhr—Geschwister-Scholl-Platz 1, Munchen, Germany

�e b → s(d)l+ l− processes are sensitive to New Physics phenomena since these
decays may only occur through loops in the Standard Model.

�is contribution describes a study of b → s(d)l+ l− decays at the Belle II ex-
periment using a fully-inclusive approach, where we have no explicit restrictions

on the quark hadron �nal states. So far, no results of fully inclusive b → s(d)l+ l−
studies have been published because of the small signal branching ratio in the

Standard Model, limited e�ciency of the established tagging methods, and high

rate of background processes.

�is analysis intends to use machine learning techniques to reject back-

ground processes and an unrestricted tag side to measure R(X) = B(B →
Xμ+μ−)/B(B → Xe+e−) as a lepton universality test, similarly to R(K) and
R(K∗) measurements, which are known for their deviations from the Standard
Model predictions.

T 30.3 Tue 16:45 T-H15
Belle II results on charmless hadronic B-decays and prospects — ∙Justin
Skorupa, Thibaud Humair, Hans-Günther Moser, Markus Reif, and

BenediktWach—Max Planck Institute for Physics

�e Belle II experiment at the SuperKEKB e+ e- accelerator in Tsukuba, Japan,

aims to constrain the parameters of the Cabibbo-Kobayashi-Maskawa matrix by

measuring the size of the sides and angles of the unitary triangle associated to

B-meson decays. Possible non-closure of the triangle would provide a hint for

physics beyond the Standard Model. Belle II will signi�cantly improve the ac-

curacy of the determination of the angle ϕ2 of the unitary triangle due to the
large yield of expected charmless hadronic B-meson decays. Measurements of

branching ratios of several charmless hadronic B-meson decays using 190 fb
−1

of Belle II data are presented.

T 30.4 Tue 17:00 T-H15
Search for the lepton �avour violating decay B0 → τ±ℓ∓ — ∙Nathalie Eber-
lein, Thomas Lück, and Thomas Kuhr— Ludwig- Maximilians-Universität,

München
Lepton �avour is conserved in the Standard Model, but violated in many new

physics models. An observation of the B0 → τ±ℓ∓ decay, where ℓ = e/μ, would
be a clear sign for new physics.

At B factories one can determine the kinematics of the signal B meson by fully

reconstructing the accompanying B meson in e+e− → Υ(4S)→ BB events. In

the rest frame of the signal B meson the mono-energetic lepton provides a clean

signature to identify the signal decays.�is talk presents the current status of the

search for B0 → τ±ℓ∓ decays with Belle data using the Full Event Interpretation
algorithm for the reconstruction of the accompanying B meson.

T 30.5 Tue 17:15 T-H15
Search for the LFV Decay τ → μπ0

— ∙Marton Nemeth-Csoka, Fe-

lix Meggendorfter, and Christian Kiesling — Max-Planck-Institute for

Physics Munich

During its runtime from 1999 to 2010 the Belle experiment was able to con�rm

the Kobayashi-Maskawa theory about the occurrence of CP violation and by

this played a decisive role in �rmly establishing the Standard Model (SM). How-

ever, there is also convincing evidence for physics beyond the SM.

Belle’s upgraded successor Belle II aims for a higher precision with a goal to

collect 50 times more data than Belle, a total integrated luminosity of Lint =
50ab−1.
�is work focuses is on the lepton �avor violating decay τ → μπ0

with the

goal to explore the prospects of �nding New Physics in this particular channel.

In the analysis, the decay simulated by a Monte Carlo so�ware including de-

tectors and full reconstruction to get an understanding of the overall kinematics.

When studying the background, the largest background is that of the pair pro-

duction of muons, together with light quarks and τ that decay according to the
predictions of the SM.

A�er applying kinematic cuts and requiring a moderate con�dence threshold

for the identi�cation of the muon, only 5.3% of the signal is le�, but the back-

ground is fully suppressed in a sample equaling 100 f b−1.

T 30.6 Tue 17:30 T-H15
Analysis of B → μí with inclusive tagging at Belle II — Florian Bern-

lochner, Jochen Dingfelder, ∙Daniel Jacobi, Peter Lewis, and Markus

Prim for the Belle II-Collaboration — Physikalisches Institut der Rheinischen

Friedrich-Wilhelms-Universität Bonn

BB meson pairs are the dominant decay products of the Υ(4S) resonance, which
is produced in large amounts in e+e− collisions at the SuperKEKB collider in
Japan, and their decays are measured by the Belle II experiment. Leptonic B
meson decays such as B → μí are highly CKM- and helicity-suppressed. In a
two-body decay like B → μí, the muon momentum is exactly known in the rest
frame of the signal-side B meson. By boosting the signal-side muon into that
frame, a better signal resolution and improved sensitivity can thus be achieved

compared to the center-of-mass frame. �is requires a high-precision for the

boost vector, which can be determined from the rest of the event that contains

the decay products of the second B meson. At the same time, this information
can be used to reconstruct the kinematics of the signal-side B meson. Boosted
decision trees are trained to suppress background and increase signal purity.�is

talk will discuss the current status of the analysis and present approaches tomax-

imize the sensitivity of the measurement of B → μí at Belle II, and will addi-
tionally provide an outlook on the search for sterile neutrinos.

T 30.7 Tue 17:45 T-H15
First Results and Prospects for τ → ℓ + α(invisible) at Belle II — ∙Thomas
Kraetzschmar for the Belle II-Collaboration—Max-Planck-Insitut für Physik

(Werner-Heisenberg-Insitut), München, Deutschland

�e Belle II experiment at SuperKEKB, an asymmetric e+e− collider, aims at
a total integrated luminosity of 50 ab

−1
, to pursue a rich program of Standard

Model and Beyond the Standard Model physics. Until the end of 2020 and the

beginning of 2021, 62.8 fb
−1
were collected at the Υ(4S) resonance.�is data set

results in a sizeable sample of τ pairs, enabling detailed studies of Standard and
Beyond the Standard Model measurements, including searches for Lepton Fla-

vor Violating (LFV) decays. One of the �rst channels where competitive limits

are expected is the τ → ℓ + α(invisible) process, where α is a Goldstone boson.
Here, the currently best limit has been obtained by ARGUS with an integrated

luminosity of 475 pb
−1
. Belle II will improve on this result with the recorded

data.�is contribution will discuss the �rst results of this search.
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T 30.8 Tue 18:00 T-H15
Tau lifetime measurement at Belle II— ∙Anselm Baur and Daniel Pitzl—
Deutsches Elektronen Synchrotron (DESY), Hamburg, Germany

�e tau-lepton lifetime represents a fundamental parameter within the Standard

Model framework, contributing to the test of lepton �avor universality. Exploit-

ing the vertex detector resolution and the tiny beam spot size at the interaction

point, Belle II is expected to improve the present tau-lifetime value. �e event

topology where one tau decays to three charged hadrons (3-prong) and the other

tau goes to a charged pion or lepton, allows to have an higher event yield respect

to 3-prong vs 3-prong topology studied by Belle.�erefore, a measurement with

a statistical uncertainty competitive with the world average could already be per-

formed using Zech’s Monte Carlo re-weighting method with an early Belle II

dataset.

T 30.9 Tue 18:15 T-H15
Optimization of the K0

L detection and rejection at Belle II— Florian Bern-
lochner, Jochen Dingfelder, Peter Lewis, and ∙Lucas Stötzer for the
Belle II-Collaboration — Physikalisches Institut der Rheinischen Friedrich-

Wilhelms-Universität Bonn

We investigate an optimization of the reconstruction of K0
L mesons in the Belle

II experiment. K0
L mesons are challenging to detect and identify because they

are chargeless, and due to their long lifetime they typically do not decay within

the Belle II detector. �e main way to detect them is via hadronic showers in

the K-Long-Muon detector (KLM). However, the detection e�ciency is low and

background clusters are common, which limits the usability of the KLM clusters

in physics analyses.�us, we seek to improve the discrimination between KLM

clusters produced by K0
L showers and background sources using a clean sample

of K0
L mesons from the process e

+e− → γISR �ϕ → K0
LK

0
S �. �e K

0
S will mainly

decay to two charged pions.�us, by �nding the high energy photon (γISR) and
reconstructing the K0

S from the pions, the four-momentum of the K
0
L can be in-

ferred. �is allows for a direct comparison between KLM clusters from K0
L and

background sources. Further, we investigate whether K0
L showers deposited in

the electromagnetic calorimeter can be used to improve the K0
L detection e�-

ciency while maintaining high purity.

T 31: Beyond the Standard Model (Theory) 1
Time: Tuesday 16:15–18:15 Location: T-H16

T 31.1 Tue 16:15 T-H16
Constructing E�ective Field�eories to HigherMass Dimensions—Robert
V.Harlander, TimKempkens, JakobW. Linder, and ∙MagnusC. Schaaf—

Institute for�eoretical Particle Physics and Cosmology, RWTH Aachen Uni-

versity

�e Standard Model E�ective Field�eory (SMEFT) provides a framework to

parametrise the e�ects of yet unseen heavy degrees of freedom in a model inde-

pendent way. While in recent years the interest in higher-dimensional operators

has increased, the construction of a complete and minimal set of operators is

remarkably challenging. In this talk, I will report on the implementation of a

recently proposed group-theoretical algorithm for the construction of an oper-

ator basis. It systematically takes into account the redundancies which arise due

to equations of motion and integration-by-parts identities among the operators.

�e resulting program can be applied to phenomenologically relevant theories

like the Standard Model or extensions of it, including new light particles and

additional symmetry groups.

T 31.2 Tue 16:30 T-H16
Catching Heavy Vector Triplets with the SMEFT: from one-loop match-
ing to phenomenology — ∙Emma Geoffray1, Ilaria Brivio1

, Sebastian

Bruggisser
1
, Wolfgang Kilian

2
, Michael Krämer

3
, Michel Luchmann

1
,

Tilman Plehn
1
, and Benjamin Summ

3,4
—

1
Institute for�eoretical Physics,

Heidelberg University, Germany —
2
Department of Physics, University of

Siegen, Germany —
3
Institut für�eoretische Teilchenphysik und Kosmologie,

RWTH Aachen University, Germany —
4
Institut für�eoretische Physik und

Astrophysik, Universität Würzburg, Germany

An important question for both phenomenologists and experimentalists is

whether one can put limits on UVmodel parameters by matching the full theory

onto the SMEFT. I will show that this is possible and explore the complementar-

ity between SMEFT and model-speci�c approaches.

In particular, I will focus on an additional theory uncertainty arising from the

matching at one-loop and discuss how this a�ects the limits set for the Heavy

Vector Triplet extension of the Standard Model. I use the SFitter framework to

derive limits, taking into account Higgs measurements and electroweak preci-

sion data previously implemented, as well as two new resonance searches for

VH and VV. I will discuss the impact of those measurements on the �t and the

complementarity of our results with direct searches.

T 31.3 Tue 16:45 T-H16
Precision predictions for scalar leptoquark pair production at the LHC
— ∙Christoph Borschensky

1
, Benjamin Fuks

2
, Adil Jueid

3
, Anna

Kulesza
4
, and Daniel Schwartländer

4
—

1
KIT, Karlsruhe, Germany —

2
LPTHE/Sorbonne Université, Paris, France —

3
KIAS, Seoul, South Korea —

4
WWUMünster, Germany

Leptoquarks are particles that simultaneously carry lepton and baryon number,

and appear in many extensions of the Standard Model. �e appearance of so-

called �avour anomalies has led to increased interest in leptoquarkmodels which

are known to mitigate the tensions between theoretical expectations and exper-

imental measurements.

Inmy talk, I will present precision predictions for the production of scalar lep-

toquarks at the LHC, evaluated at next-to-leading order in QCD and improved

by threshold resummation corrections at next-to-next-to-leading-logarithmic

accuracy. Apart from QCD contributions, included are the lepton t-channel ex-
change diagrams relevant in the light of the recent B-�avour anomalies. �e

results exhibit an interesting interplay between the di�erent contributions, af-

fected considerably by the choice of parton distribution functions. Additionally,

I discuss the impact of NLO-QCD corrections on the so-called o�-diagonal pro-

duction channels, i.e. the production of a pair of di�erent components of a given

leptoquark multiplet. �ese predictions consist of the most precise leptoquark

cross section calculations available to date and are necessary for the best exploita-

tion of leptoquark LHC searches.

T 31.4 Tue 17:00 T-H16
Constraining BSM models using high precision observables — ∙Marten

Berger
1
, Gudrid Moortgat-Pick

1,2
, Georg Weiglein

1,2
, and Sven

Heinemeyer
3
—

1
II. Institute of�eoretical Physics, University of Hamburg,

Germany —
2
DESY, Hamburg, Germany —

3
Instituto de Fisica Teorica UAM-

CSIC, Madrid, Spain

�e high experimental accuracy of the W boson mass, MW , measurement pro-
vides a powerful tool to test the theory and di�erentiate between models. One

of the best motivated extensions of the Standard Model (SM) is the Minimal

Supersymmetric Standard Model (MSSM). �e electroweak precision observ-

ables such as MW are highly sensitive to loop contributions determined by the
model parameters respectively.�erefore the precise experimental accuracy can

be used to narrow down possible scenarios. In this talk a stand-alone mathemat-

ica code for predictingMW in theMSSM is presented. It includes full one-loop as
well as leading higher-order corrections of SUSY-type, which are combined with

state-of-the-art SM-type contributions. �e prediction for MW is discussed in
comparison with the current experimental result.

T 31.5 Tue 17:15 T-H16
Bachelor thesis: Vacuum stability constraints in the NMSSM — ∙Fabio
Campello

1
, Georg Weiglein

2
, and Thomas Biekötter

2
—

1
Universität

Hamburg, Hamburg, Deutschland —
2
DESY, Hamburg, Germany

In supersymmetric extensions of the StandardModel the electroweak (EW) vac-

uum is not generally the globalminimumof the scalar potential, and tunneling to

deeper minima is possible. Since the lifetime of the EW vacuummust be at least

of the order of the age of the universe, constraints on the parameter space can be

obtained from an analysis of vacuum stability. In this talk the vacuum structure

of the next-to-minimal supersymmetric extension of the SM (NMSSM) is inves-

tigated, where the scalar potential receives contributions from an extendedHiggs

sector and from superpartners of the SM fermions.�e results are discussed in

comparison to the case of the minimal supersymmetric extension (MSSM).

T 31.6 Tue 17:30 T-H16
SU(6) Gauge Higgs Uni�cation — ∙Andreas Bally1, Andrei Angelescu1

,

Florian Goertz
1
, and Simone Blasi

2
—

1
Max Planck Institute for Nuclear

Physics, Heidelberg —
2
Vrije Universiteit, Brussel, Belgium

We present aminimal viable Gauge-Higgs GrandUni�cation scenario in warped

space based on a SU(6) bulk symmetry - unifying the gauge symmetries of the

SM and their breaking sector. We show how the issue of light exotic new states

is eliminated by appropriately breaking the gauge symmetry on the UV and

IR boundaries by either brane scalars or gauge boundary conditions. �e SM

fermion spectrum is naturally reproduced including Dirac neutrinos and we

compute the Higgs potential at one-loop, �nding easily solutions with a realistic

Higgs mass. �e problem of proton decay is addressed by showing that baryon

number is a hidden symmetry of the model. Among the phenomenological con-

sequences, we highlight the presence of a scalar leptoquark and a scalar singlet.
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�e usual X,Y gauge bosons from SU(5) GUTs are found at collider accessible

masses.

T 31.7 Tue 17:45 T-H16
Baryogenesis and Dark Matter in Extended Inert Doublet Model — ∙Sven
Fabian, Florian Goertz, and María Isabel Dias Astros — Max-Planck-

Institut für Kernphysik, Heidelberg, Deutschland

Despite the great success of the Standard Model (SM) of Particle Physics in ex-

plaining many experimental observations to an astonishing degree of accuracy,

it cannot account for the long-standing conundrums of the nature of darkmatter

(DM) and of the obvious dominant abundance of matter compared to antimatter

in our Universe. In this talk, we will discuss the Inert DoubletModel, augmented

with a higher-dimensional operator tied to the SM gauge sector and – vital for

baryogenesis – inducing CP violation. In addition to identifying the parame-

ter space for the observed DM relic abundance, we investigate the potential of

this operator for giving rise to the measured baryon asymmetry during the elec-

troweak phase transition. We will �nd that the discussed extension of the IDM

can, in principle, serve as an e�ective theory in which bothDMand baryogenesis

are accounted for.

T 31.8 Tue 18:00 T-H16
Higher-Dimensional Operators in the Inert DoubletModel: DarkMatter and
CP Violation — ∙María Isabel Dias Astros, Florian Goertz, and Sven

Fabian—Max-Planck-Institut für Kernphysik, Heidelberg, Deutschland

Facing the puzzles of dark matter (DM) with its properties yet to be deciphered,

the Inert Doublet Model (IDM) has been widely studied as a possible theory

explaining DM and in the context of the Electroweak Phase Transition, as a

�rst step towards accommodating the three Sakharov conditions allowing for

baryogenesis. Following this motivation, we will discuss in this talk the IDM

as an e�ective �eld theory (EFT) with a higher-dimensional CP-violating op-

erator added to the scalar potential. Working with the EFT approach, a com-

prehensive discussion of DM phenomenology with promising parameter space

is given, while taking theoretical and the latest experimental constraints into

account. In particular, for particles heavier than 500 GeV higher-dimensional

derivative operators lead to an extended viable parameter space even for non-

(quasi)degenerate scalar masses. We conclude that the discussed sources of CP

violation do not spoil the predicted DM relic abundance.

T 32: QCD (Exp.) 1
Time: Tuesday 16:15–18:15 Location: T-H17

T 32.1 Tue 16:15 T-H17
Measurement and QCD analysis of inclusive jet production in deep inelastic
scattering at ZEUS— ∙Florian Lorkowski—DESY, Hamburg, Germany
�e cross sections of deep inelastic scattering processes at the electron-proton

collider HERA are a well established tool to test perturbative QCD predictions.

Additionally, they can be used to determine the non-perturbative parton distri-

bution functions of the proton. Measurements of jet production cross sections

are particularly well suited to also constrain the strong coupling constant.

In this talk, a measurement of inclusive jet cross sections in neutral current

deep inelastic scattering using the ZEUS detector at the HERA collider is pre-

sented. �e data was taken in the years 2003 to 2007 at a center of mass energy

of 318GeV and corresponds to an integrated luminosity of 344 pb
−1
. Massless

jets, reconstructed using the k⊥-algorithm in the Breit reference frame, are mea-
sured as a function of the squared momentum transfer Q2

and the transverse

momentum of the jets in the Breit frame p⊥,Breit .
�e measured cross sections are compared to previous measurements as well

as NNLO theory predictions. �e consistency of the measurement is demon-

strated by a simultaneous determination of parton distribution functions and

the strong coupling constant.

T 32.2 Tue 16:30 T-H17
QCD and SMEFT analysis of CMS 13 TeV inclusive jet cross section data—
∙ToniMäkelä and Katerina Lipka—DESY, Hamburg, Germany

�e parton distributions of the proton, the strong coupling constant and the top

quark mass are extracted simultaneously, using the cross sections of inclusive jet

production and top quark-antiquark pair production at the LHC at a center of

mass energy of 13 TeV.�e standard model analysis is performed at NLO and

NNLO. In an alternative analysis, the standard model cross section is extended

with e�ective couplings for 4-quark contact interactions at NLO. In particular,

le�-handed vector-like or axial vector-like colour-singlet exchanges are consid-

ered. For the �rst time, the Wilson coe�cients of contact interactions are ex-

tracted simultaneously with the standard model parameters using the LHC data.

T 32.3 Tue 16:45 T-H17
Triple-di�erential measurement of dijet production at $s = 13TeV with the
CMS detector — Günter Quast, Klaus Rabbertz, and ∙Daniel Savoiu —
Institute of Experimental Particle Physics (ETP), Karlsruhe Institute of Technol-

ogy (KIT)

Jetmeasurements at high precision are an essential probe of quantum chromody-

namics (QCD) and constitute valuable experimental inputs to determinations of

fundamental QCD parameters and of the parton distribution functions (PDFs)

describing the structure of protons.

In this talk, we present a recent measurement of the dijet production cross

section using proton-proton collision data collected at a center-of-mass energy

of 13 TeV by the CMS detector at the CERN LHC, amounting to an integrated

luminosity of 36.3 fb
−1
. Jets are reconstructed using the anti-kT algorithm for

radius parameters of R = 0.4 and 0.8 and cross sections are measured triple-

di�erentially as a function of the kinematic properties of the two jets with largest

transverse momenta. A�er accounting for detector- and reconstruction-speci�c

e�ects in a three-dimensional unfolding procedure, the data are compared to

theoretical predictions derived at next-to-next-to-leading order in perturbative

QCD and the impact of the data for determinations of the proton PDFs and the

strong coupling constant αs is studied.

T 32.4 Tue 17:00 T-H17
Electroweak corrections to high pT jets— ∙MikelMendizabal and Hannes

Jung—DESY, Hamburg, Germany

�e production of electroweak (EW) bosons in association with jets has been ex-

tensively studied at particle colliders.�e EW boson is considered the outcome

of the hard process and the jets a product of parton evolution.�ese events are a

great test of quantum chromodynamics and allow to study parton density func-

tions and parton evolution equations. So far, light quarks and gluons are consid-

ered in the parton evolution. However, with increasing centre-of-mass energies

the probability of radiating heavier particles increases.

In this analysis, the production of EWbosons in associationwith jets is studied

speci�cally with the aim to investigate EW boson emitted in the parton shower.

To this end, events with high transverse momentum jets are studied. �en, the

contribution of EW boson emissions is measured.

Preliminary results are presented with data collected in 2016, corresponding

to an integrated luminosituy of 36.3 fb
−1
. �e contribution of the Z boson is

studied in the leptonic decay channel.

T 32.5 Tue 17:15 T-H17
Triple di�erential measurement of the inclusive Z+jet production— ∙Cedric
Verstege, Klaus Rabbertz, and Günter Quast — Institut für Experi-

mentelle Teilchenphysik, Karlsruher Institut für Technologie (KIT)

�e triple di�erential inclusive cross section for Z (→ μμ) + jet production is
measured combining CMS Run II data from 2016-2018.�e measurement uses

the observables pZT , the di�erence in rapidity between the Z-Boson and the jet
y∗ as well as the boost of the center of mass system yb .�ose variables allow for
a suitable division of the phase space in order to obtain a better sensitivity to the

partonic subprocesses.

Detector e�ects are corrected via a three-dimensional unfolding procedure.

�e resulting cross section is then compared to QCD theory predictions at next-

to-next-to-leading order. �e results can be used as constraints for �tting the

PDFs.

T 32.6 Tue 17:30 T-H17
Measurement of jet mass distribution of hadronic W and Z bosons —
∙Steffen Albrecht1, AndreasHinzmann1

, Dennis Schwarz
2
, and Roman

Kogler
3
—

1
Universität Hamburg—

2
Austrian Academy of Sciences—

3
DESY

Hamburg

In this talk we introduce a new e�ort towards measuring the jet mass distribu-

tion of hadronically decayingW and Z bosons.
We study events in which the bosons have a large transverse momentum and

thus produce strongly collimated decay products reconstructed as single fat jets.

�e substructure of such jets proves to be a useful handle in various procedures

(e.g. jet calibration, jet tagging), but has room for improvement in its modelling.

We aim to gain an in-depth understanding of the substructure by studying the

unfolded jet mass distribution in dependence of the jet pT and substructure tag-
ger discriminants. While previous measurements of jet mass have been carried

out for gluon, quark and top jets in dijet, Z(ll)+jet and t t̄ samples, this is the �rst
study ofW and Z jet masses in the processes withW(qq)+jets, Z(qq)+jets as
well as hadronic t t̄ systems in the �nal states.
In addition the measurement of the di�erencemZ −mW will be pursued, setting
a �rst step towards a potential measurement of theW mass with jet substructure.
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T 32.7 Tue 17:45 T-H17
Jet Energy Calibration for Ultra Legacy Data with Z+Jet Events at CMS —
∙Robin Hofsaess, Daniel Savoiu, Florian von Cube, and Maximilian

Horzela—KIT (ETP), Karlsruhe, Germany

High precision analyses inmodern particle physics experiments rely on themea-

surement of jets coming from the particle interactions. Since jets comprise many

di�erent particles and the observation of such complex physics objects is a�ected

by detector- and reconstruction-speci�c e�ects, sophisticated methods are nec-

essary to get a reliable and accurate calibration of the jet energy.

At CMS, a factorized approach – collectively known as the jet energy calibra-

tion – is employed for correcting shi�s in the jet energy. An important step in

this process exploits events where a jet is balanced against a well-measured ref-

erence object such as the Z boson. By comparing the transverse momenta of the

two objects, it is possible to determine the absolute jet energy scale, accounting

for any residual di�erences between simulation and data.

In this talk, the methods for the determination of the jet energy scale will be

described and the latest results for the legacy calibration of Run II will be pre-

sented.

T 32.8 Tue 18:00 T-H17
Di�erential cross section for Zγ+jets using the ATLAS detector— ∙Vincent
Goumarre—Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany

Di�erential measurements of the production of Zγ bosons in association with
jet activity in pp collisions at $s = 13 TeV are presented in this work, using the

full Run2 dataset of 139fb
−1
collected by the ATLAS detector at the LHC.

Jet activity is a crucial point to study since di�erential distributions can help

constrain important StandardModel (SM) parameters and calibratemodels used

in inputs in other observables, such as PDFs functions. Moreover, due to the pos-

sibility to fully reconstruct the �nal state, and a large cross section with a small

background, Zγ is a good candle to test beyond the SM physic, with models such
as ALPs or anomalous gauge couplings.

Distributions are measured in a �ducial space with transverse momentum of

the photon greater than 30 GeV and considering only events where the Z-boson
decays leptonically.�e sum of the dilepton invariant mass and the dilepton plus

photons invariant mass has to be greater than 182 GeV to suppress �nal state ra-

diation.

T 33: Top Quarks: Production (Exp.) 2
Time: Tuesday 16:15–18:30 Location: T-H18

T 33.1 Tue 16:15 T-H18
An e�ective �eld theory approach using top quark polarisation and spin
correlations in t t̄ production at the LHC — ∙Andre Zimermmane-Santos,
Afiq Anuar, Alexander Grohsjean, and Christian Schwanenberger —

Deutsches Elektronen-Synchrotron, Hamburg, Germany

�e E�ective Field �eory (EFT) approach provides a systematic and model-

independent way to search for new physics. It assumes new heavier particles

exist outside the energy reach of the LHC. Nonetheless, their e�ects can be

parametrized by new e�ective interactions constructed with Standard Model

(SM) �elds. Hence, new couplings can be identi�ed and measured via small

deviations from SM predictions.

In this study, we aim to use particular sets of observables related to the top

quark polarisation and spin correlation in top quark pair events with two lep-

tons in the �nal state. Each of those sets are sensitive exclusively to a subset

of EFT couplings. �is provides a natural way of uncorrelating EFT e�ects, al-

lowing limits on their strength to be drawn with unprecedented precision. We

investigate various EFT scenarios using the dim6top and SMEFTatNLOmodels.
Subsequently, we also verify necessary translations between di�erent EFT for-

malism. Our �ndings pave the way for the EFT interpretation using full CMS

Run 2 data.

T 33.2 Tue 16:30 T-H18
Measurement of the dileptonic tt̄ di�erential cross section in a BSM phase
space at CMS—Valeria Botta, Lutz Feld, ∙DaniloMeuser, PhilippNat-

tland, and Marius Teroerde — I. Physikalisches Insitut B, RWTH Aachen

University

Measurements of the t̄t production cross section yield important precision tests

of the StandardModel (SM), while also probing scenarios for physics beyond the

SM (BSM).

�is analysis aims to measure the t̄t cross section in a phase space where ad-

ditional contributions from BSM scenarios could be present. It is based on the

data set recorded by CMS in the years 2016 to 2018 at a center-of-mass energy

of 13 TeV, corresponding to an integrated luminosity of 138 fb
−1
. �e BSM

scenarios considered include supersymmetric and dark matter models, where,

similarly to the dileptonic t̄t channel, two leptons, b jets and undetected parti-

cles are produced.

Unlike previous measurements, where the di�erential cross sections were

mainly measured as a function of kinematic variables of the leptons or top

quarks, this analysis focuses on observables related to the neutrinos, like the

missing transverse momentum and the angular distance between the missing

transverse momentum and the nearest lepton, to separate BSM from SM t̄t

events. In order to increase the sensitivity of the analysis multivariant techniques

are used which improve the resolution of the missing transverse momentum in

SM t̄t events. In this talk the analysis strategy will be presented and prelimi-

nary results on the improved missing transverse momentum resolution and on

systematic uncertainties will be shown.

T 33.3 Tue 16:45 T-H18
Studying prospects of a measurement of the cross section of top-quark pair
production with additional charm quarks in the lepton+jets channel at AT-
LAS at $s = 13 TeV — ∙Lukas Ehrke, Tobias Golling, Manuel Guth,

Johnny Raine, and Knut Zoch—Université de Genève, Geneva, Switzerland

�e goal of this analysis is to measure the inclusive cross section of t t̄ production
with additional charm quarks in the ATLAS collaboration.�is talk focuses on

the semileptonic t t̄ decay channel for which it would be the �rst measurement
of this cross section. �e measurement will bene�t several analyses where this

process is a non negligible background, most notably in the search for a t t̄ pair in
association with a Higgs boson where the Higgs boson decays into two b-quarks.
To reduce background processes not containing a t t̄ pair b-tagging is needed,

whereas to identify the events with additional c-quarks c-tagging is needed. A
further complication in the lepton+jets channel are c-quarks originating from
the hadronically decaying W boson. �erefore, the existing �avour tagging

methods are extended to allow for simultaneous b- and c-tagging. New work-
ing points are derived on a 2D plane, and based on the b- and c-multiplicity,
multiple regions are de�ned with di�erent contributions of the di�erent t t̄+jets
components. Initial studies show promising sensitivity to the cross section.�e

measurement in the lepton+jets channel bene�ts from larger statistics compared

to the dilepton channel. However, the charm quarks from the hadronicWdecays

pose a greater modelling challenge.

T 33.4 Tue 17:00 T-H18
Measurement of the inclusive production cross sections of a top-quark pair
in association with a Z boson at $s = 13 TeV in �nal states with three lep-
tons using deep neural nets with the ATLAS detector— ∙Steffen Korn, Ar-
nulf Quadt, and Elizaveta Shabalina— II. Physikalisches Institut, Georg-

August-Universität Göttingen

�rough the associated production of a top quark pair and a Z boson, the

strength and structure of the neutral current weak coupling of the top quark

and the Z boson can be measured. It provides sensitivity to the top quark’s weak

isospin in the framework of the Standard Model (SM).�e measurement of this

fundamental parameter of the SM also serves as a probe to new physics beyond

the SM.�e process was measured by ATLAS and CMS at$s = 13 TeV with the

full run 2 data set. In a new, re�ned analysis multivariate techniques are used to

improve the sensitivity of the measurement. �e impact of the usage of multi-

class deep neural network for event classi�cation on the systematic uncertainties

for a measurement of the inclusive cross section of t t̄Z �nal states with three
charged leptons is presented.

T 33.5 Tue 17:15 T-H18
First simultaneous di�erential measurement of tZq and t̄tZ processes at the
CMS Experiment — ∙Federica Colombina, Andreas Meyer, and Abideh

Jafari—Notkestraße 85, 22607 Hamburg, Germany

At the LargeHadronCollider (LHC) at CERN, aboutmillions of top quark events

have been produced. �e data recorded during LHC Run-2, in the years 2016-

2018, gave access to �rst di�erential measurements of top quark production in

associationwith Z-bosons, and precisely probes the coupling between top quarks

and Z bosons for the �rst time.�e cross sections of top quark pair producton,

t̄tZ, and single-top quark production, tZq, are similar, and both processes are

mutual backgrounds to one another. Measurements of top-Z coupling and EFT

analyses require measurements of both these processes and their correlation. In

this analysis, tZq and t̄tZ are measured simultaneously for the �rst time, aiming

to better understand the correlation between these two processes. Furthermore,

the evaluation of their di�erential cross section can bring evidence of possible

deviations from the standard model, providing information for EFT analyses

and new physics scenarios.
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T 33.6 Tue 17:30 T-H18
Background model in a t t̄W cross-section measurement — ∙Marcel

Niemeyer, ArnulfQuadt, and Elizaveta Shabalina—Georg-August Uni-

versity Goettingen

�e top-quark pair production in association with aW boson is an interesting

process by itself and exhibit an important background to processes like t t̄H or
4-tops production. Due to higher order electroweak corrections, the process is

di�cult to model. In consequence, a mismodelling of t t̄W has been observed

in previous analyses. �us, it is of high importance to measure this process to

improve our understanding of it. �e analysis is performed in the multi-lepton

channel requiring 2ℓ (same-sign) or 3ℓ.�e resulting event sample has a signif-
icant contribution from fake backgrounds.

To estimate this background, an extended template �t is performed that uses a

discriminant based on isolation and b-tagging variables, referred to as a prompt
lepton veto. �e �t, the calibration of the prompt lepton veto, and the related

systematic uncertainties will be discussed in this talk.

T 33.7 Tue 17:45 T-H18
Measurement of di�erential cross-sections of the t t̄γ production in the dilep-
ton channel in proton-proton collisions at$s = 13 TeV with ATLAS detector
— ∙Buddhadeb Mondal, Ivor Fleck, and Carmen Diez Pardos— Center

for Particle Physics Siegen, Experimentelle Teilchenphysik, Universität Siegen

�e top quark being the heaviest fundamental particle in the Standard Model

(SM) plays a very important role in the study of fundamental interactions. It has

a very short lifetime and it decays before it hadronizes, passing its properties to

its decay products. Top quark pair production in association with a photon (t t̄γ)
is a very important process for measuring the coupling between top quark and

photon. A precise measurement of this coupling is necessary for testing the SM

and also for probing any new physics e�ect at very high energy scale. Devia-

tions from the SM coupling can be a limit of new physics phenomena that can

be interpreted in the context of e�ective �eld theory approaches. In this talk,

measurement of di�erential cross-section using 139 fb
−1
of data collected by the

ATLAS detector in proton-proton collisions at $s = 13 TeV will be presented.

�is measurement is done in the dileptonic decay channel of the t t̄ pair.

T 33.8 Tue 18:00 T-H18
Measurement of t t̄ + γ production with the full Run 2 ATLAS data set —
∙Andreas Kirchhoff, Arnulf Quadt, and Elizaveta Shabalina — II.

Physikalisches Institut, Georg-August-Universität Göttingen

�e optimal way tomeasure the top-photon coupling and later interpret it within

an EFT-framework would be an e+e− collider with su�cient energy. As such a
collider does not exist, another possibility to measure it is the production of t t̄
pairs in association with a photon. Unfortunately, most of such photons will

originate from the decay products of the top quarks and hence do not convey

any information about the top-photon coupling. In contrast, photons produced

in the production of the t t̄ pair mostly originate from the top quark (beside a
small contribution from ISR).�e separation of photons originating from pro-

duction and decay is tried for the �rst time in this ATLAS analysis. In this talk,

the status of the currently ongoing full Run 2 analysis of the t t̄ + γ process in
the l+jets channel will be presented. �e talk will focus on showing how deep
neural networks are used to measure the t t̄ + γ cross section, where the photon
is emitted during production. First �t results will also be shown.

T 33.9 Tue 18:15 T-H18
Search for t t̄γγ production inpp collisions at$s = 13TeVwith theATLASde-
tector— ∙Arpan Ghosal, Ivor Fleck, Carmen Diez Pardos, and Amartya
Rej— Center for Particle Physics Siegen, Experimentelle Teilchenphysik, Uni-

versität Siegen

�e production of top quarks with photons gives access to measure the strength

of the electroweak coupling of the top quark and the photon. While the pro-

duction of top quark pairs (t t̄) with one photon is being extensively studied,
the t t̄ production in association with two photons (t t̄γγ) has not been observed
yet. �e t t̄γγ is a rare process and not only is it a good candidate for prob-
ing the top EW coupling but is also relevant as an irreducible background pro-

cess to t t̄ production in association with a Higgs boson decaying to two photons
(H → γγ). Besides, new sources of CP-violation are expected from physics phe-
nomena beyond the SM. �ese sources can appear as electric dipole moment

terms in top-quark interactions, and their precise measurement is essential to

determine the e�ects of new physics. Understanding the t t̄γγ process can help
put better bounds on top-quark dipole moments.

�e cross-section of the process is expected to be of the order of 10 fb at

$s = 13 TeV, much lower than the t t̄γ process. �e presentation will discuss
the ongoing e�orts in the search for the process in semileptonic t t̄ decay chan-
nel using the full Run 2 dataset collected by ATLAS detector at 13 TeV.

T 34: Top Quarks: Properties -2
Time: Tuesday 16:15–18:00 Location: T-H19

T 34.1 Tue 16:15 T-H19
Measurement and EFT interpretation of di�erential t t̄ cross-sections in the
boosted lepton+jets channel with the ATLAS detector at $s = 13 TeV —
Kevin Kröninger, Johannes Erdmann, and ∙Kevin Sedlaczek—TUDort-
mund University, Department of Physics

Physics beyond the Standard Model (SM) can, in absence of resonances, be in-

vestigated in a model-independent way by using e�ective �eld theory (EFT) ap-

proaches. Without assumption of the underlying theory, e�ects of potential new

high-mass particles at a low energy scale can be quanti�ed by higher dimension

expansions of the SM Lagrangian.

At the LHC, physics in the top sector is entering a phase of precision mea-

surements combined with very accurate predictions. Meanwhile, many theories

beyond the SMpredict deviations in the top-quark couplings or new interactions

of the top quark. �ese aspects make model-independent measurements in the

top sector a very attractive way to test the SM for deviations arising from new

physics at higher energy scales.

In this talk, a di�erential t t̄ cross-section measurement is shown. �e mea-
surement is performed in the boosted lepton + jets channel on the full Run 2

dataset taken with the ATLAS detector at$s = 13 TeV.�e di�erential measure-

ments in di�erent kinematic variables are unfolded to the particle level. One of

the unfolded distributions is then used to derive bounds on the contributions of

new physics within the EFT framework via two dimension-6 operators.

T 34.2 Tue 16:30 T-H19
Top-antitop energy asymmetry in jet-associated top-quark pair production
at ATLAS — ∙Alexander Basan1

, Asma Hadef
1
, Jessica Höfner

1
, Lu-

ciaMasetti
1
, Eftychia Tzovara

1
, and SusanneWesthoff

2
—

1
Universität

Mainz —
2
Universität Heidelberg

�e top quark is particularly well suited to probe the standard model (SM) and

many extensions thereof at the electroweak symmetry-breaking scale and be-

yond.

At hadron colliders, the t t̄ production is symmetric at leading order pertur-
bation theory under the exchange of the top- and anti-top-quark, while interfer-

ences at higher orders create an asymmetry.�is charge asymmetry can provide

sensitive probes formanymodels beyond the standardmodel. Within the frame-

work of standard model e�ective �eld theories (SMEFT), the charge asymmetry

is especially sensitive to four-quark operators and one operator that modi�es the

top-gluon interaction.

In inclusive jet-associated top-quark pair production the asymmetry arises

already at leading order in quark-gluon interactions. Furthermore, the t t̄ j �nal
states allow the de�nition of a new observable, the energy asymmetry, expressed

in terms of the distribution of the energy di�erence Et − Et̄ .
�is talk presents the measurement in lepton+jets events with a high pT

hadronically decaying top quark at ATLAS with a centre of mass energy of

$s = 13TeV as well as limits on the Wilson coe�cients of four-quark opera-

tors within the SMEFT framework.

T 34.3 Tue 16:45 T-H19
Untersuchung neuer Physik über die Energieasymmetrie in der Top-Antitop-
Jet Produktion am ATLAS— ∙Jessica Höfner1, Alexander Basan1

, Asma

Hadef
1
, LuciaMasetti

1
, Eftychia Tzovara

1
und SusanneWesthoff

2
—

1
Universität Mainz —

2
Universität Heidelberg

Das Top-Quark ist das schwerste Teilchen im Standardmodell der Elementar-

teilchen und das einzige Quark das nicht direkt hadronisiert sondern zerfällt.

Es eignet sich sehr gut dafür Physik außerhalb des Standardmodells zu suchen,

denn es könnten noch unentdeckte schwerere Teilchen oder auch neue Wech-

selwirkungen mit dem Top-Quark interagieren.

Bei der Produktion eines Top-Antitop-Paares mit zusätzlichem Jet kann die

Energieasymmetrie, eine neue Observable der Ladungsasymmetrie, bestimmt

werden, die besonders sensitiv auf Physik jenseits des Standardmodells sein

kann. Nach einer ersten verö�entlichten Messung der Energieasymmetrie mit

dem ATLAS Experiment, werden Möglichkeiten untersucht sowohl den Pha-

senraum der Messung zu erweitern als auch die Ergebnisse mit denen aus Wir-

kungsquerschnittmessungen zu kombinieren. In diesemVortrag wird die erwar-

tete Sensitivität dieser Erweiterungen vorgestellt.
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T 34.4 Tue 17:00 T-H19
Measurements of observables sensitive to colour reconnection in t t̄ events—
Dominic Hirschbühl, WolfgangWagner, and ∙ShaymaWahdan — Ber-
gische Universität Wuppertal, Wuppertal, Germany

Colour reconnection (CR) is a mechanism that describes the interactions that

can occur between colour �elds during the hadronisation transition. In the con-

text of precise top-quark mass measurements, it plays a crucial role. �e mod-

elling of CR has become one of the dominant sources of systematic uncertainty

in these measurements. Ongoing top-quark mass analyses use PYTHIA 8 MC

event generator for parton showering and hadronisation. PYTHIA 8 comes with

several alternative CRmodels which should be explored to estimate the CRmod-

elling uncertainty. At the same time, the models should be confronted with LHC

data to test their validity. Only models which are in agreement with data, in gen-

eral, are suitable to de�ne the corresponding modelling uncertainty.�is analy-

sis presents a measurement of charged-particle distributions sensitive to the dif-

ferent CRmodels in PYTHIA 8 in top-quark pair production.�e measurement

is based on data collected using the ATLAS detector at the LHC in proton-proton

collisions at a centre-of-mass energy of 13 TeV with an integrated luminosity of

139 fb-1.

T 34.5 Tue 17:15 T-H19
Search for �avour-changing photon interactions in top-quark production
and decay at the ATLAS experiment — Tomas Dado, Johannes Erdmann,
Benedikt Gocke, ∙Florian Mausolf, Olaf Nackenhorst, and Björn

Wendland— TU Dortmund University, Department of Physics

In the Standard Model (SM) of particle physics, �avour-changing neutral cur-

rents (FCNC) are strongly suppressed, but several theories beyond the SM pre-

dict FCNC with much higher rates. In this talk, a search for �avour-changing

photon interactions in top-quark production and decay is presented. Proton-

proton-collision data corresponding to an integrated luminosity of 139 fb
−1
are

analysed which were taken with the ATLAS detector at a centre-of-mass energy

of 13TeV. It is separately searched for interactions involving the top quark, the

up quark and the photon as well as for interactions of the top quark, the charm

quark and the photon. Events with one photon, one b-tagged jet, one electron
or one muon, and a minimum amount of missing transverse momentum are se-

lected. Contributions from events with objects mis-reconstructed as photons are

estimated using data-driven methods. Multiclass deep neural networks are used

to separate the signal from the background. �e analysis strategy is presented

and upper limits on the strength of the FCNC couplings are set.

T 34.6 Tue 17:30 T-H19
Studies for the measurement of the production of top-quark pairs in associa-
tion with a Z boson decaying to a pair of tau leptons with the ATLAS detector
— ∙Simon Neuhaus and Thomas Dado— TU Dortmund University, Depart-
ment of Physics

A Study of the associated production of a top-quark pair and a Z boson decay-
ing into a tau-lepton pair is presented. �is process allows to test the lepton-

universality prediction of the Standard Model of particle physics in the top-

quark-sector. Additionally, this process is sensitive to various BSM couplings

between the top quarks and tau-leptons. Because only the visible mass of the di-

tau system is reconstructable, a signi�cant contribution from the o�-shell events

is expected in the signal region.

�e measurement targets decays with one or two light leptons, at least three

jets and two hadronically decaying tau leptons. Some of the important back-

ground processes include the diboson (ZZ,WZ,WW) processes and processes
with misreconstructed tau leptons. Initial studies on the optimization of the

event selection using the Monte Carlo simulations for the ATLAS data of the

complete LHC Run 2 will be shown. Observables that are interesting for the op-

timisation of the selection include: the transverse momentum of all three or four

leptons, the number of jets and the number of b-tagged jets.

T 34.7 Tue 17:45 T-H19
Simulation of selected top-quark processes at the FCC-ee and their interpre-
tation in terms of e�ective �eld theories — Cornelius Grunwald1

, Kevin

Kröninger
1
, RomainMadar

2
, StéphaneMonteil

2
, and ∙Lars Röhrig1 —

1
Department of Physics, Dortmund, Germany —

2
Laboratoire de Physique de

Clermont, Clermont-Ferrand, France

While in the �avor-physics sector future upgrades of the LHCb detector at CERN

and Belle II at KEK are aimed at precision measurements, experiments at fu-

ture colliders such as the FCC-ee are expected to improve electroweak and top-

quark physics in an unrivaled way. Since it is interesting to set the measurements

by the FCC-ee into a global context, the estimation of the precision of selected

top-quark processes is important for estimating the impact on the constraints of

dimension-six operators.

In this talk, relevant observables and the impact of dimension-six operators

on these observables are presented. �e parameterizations as function of the

dimension-six operator strength are given. �is will allow to set constraints on

the strength of dimension-six operators assuming uncertainties for the measure-

ments at the FCC-ee.

T 35: Higgs Boson: Associated Production 1
Time: Tuesday 16:15–18:15 Location: T-H20

T 35.1 Tue 16:15 T-H20
HiggsBosonMassReconstruction in the ttHMulti-leptonChannelUsingAT-
LAS data— Igor Boyko1

, ∙Adam Herold2
, Nazim Huseynov

1
, Jan Kybic

2
,

André Sopczak
2
, Petr Urban

2
, and Cyrus Walther

3
—

1
JINR Dubna —

2
CTU in Prague —

3
TU Dortmund

�is study deals with the reconstruction of the Higgs boson mass in the 2lSS +

1τhad channel in ttH production. Based on the reconstructed mass, the goal is
to separate the signal from background productions such as the ttZ production.

�e data created by the full ATLAS detector simulation are used to develop two

neural networks. First, a classi�cation neural network that organizes the data by

assigning detected particles to corresponding positions in the channel. Second,

a regression neural network that reconstructs the mass of the Higgs boson.�e

developed neural network is tested and is shown to outperform theMissingMass

Calculator technique.

T 35.2 Tue 16:30 T-H20
Investigation of ttH(bb) Events with Very High Higgs Boson Momentum
at ATLAS Detector — ∙Doga Elitez, Lucia Masetti, Eftychia Tzovara,

Asma Hadef, and Alexander Basan — Johannes Gutenberg-Universität

Mainz, Mainz, Deutschland

�e coupling of the Higgs boson to the top quark is very sensitive to e�ects of the

physics beyond the Standard Model (BSM) and the most favorable production

mode for direct measurement of the top Yukawa coupling is the Higgs produc-

tion in association with a pair of top quarks (t t̄H). �e decay to two bottom
quarks (H → bb̄) has the largest branching fraction of about 58%. �is analy-
sis aims at events in which one of the top quarks decays semi-leptonically and

produces an electron or a muon plus several jets. �e so-called ultra boosted

topology targets events containing a Higgs boson produced at very high trans-

verse momentum, which is contained in a single small-R jet.�is topology is not

included in the current high pT (boosted) Higgs boson selection and requires a
dedicated analysis. In this talk, methods to improve background rejection and

event reconstruction to increase the sensitivity above the current pT range are
presented, along with the challenges of combining the di�erent channels.

T 35.3 Tue 16:45 T-H20
Measurement of the t t̄H production cross-section with H → bb̄ in the
boosted topology with the ATLAS detector — ∙Eftychia Tzovara, Lucia
Masetti, Doga Elitez, AsmaHadef, and Alexander Basan— JGUMainz,

Germany

Studying the coupling of the Higgs boson to the top quark is of particular in-

terest, since it could be sensitive to e�ects of physics beyond the SM.�e Higgs

production in association with a top-quark pair is the most favourable process

for a direct measurement of the top Yukawa coupling.�e decay to two b-quarks

has the largest branching ratio, while it allows for the reconstruction of the Higgs

boson kinematics.�e analysis presented here aims at events in which one of the

top quarks decays semi-leptonically, producing an electron or a muon, and the

other one hadronically. In the single-lepton channel, there is a speci�c boosted

region, targeting events with aHiggs boson produced at high transversemomen-

tum pT .
Due to the highly complex �nal state and the large SMbackgrounds, the recon-

struction of the Higgs boson becomes a complicated task. �e ultimate goal is

to constrain the background events of the boosted channel in order to maximise

the statistical signi�cance of the measurement. For this purpose, multivariate

techniques are used to discriminate between signal and background events, in

particular from t t̄+jets production. For the �rst time, the signal strength is also
measured di�erentially in bins of the Higgs boson pT . Finally, the measurement
of the t t̄H(bb̄) cross-section, using the full LHC run-2 data, as well as further
improvements on the boosted channel, will be presented.

T 35.4 Tue 17:00 T-H20
Improvements of the MVA classi�ers for the t t̄H(bb̄) analysis in the dilepton
channel with full Run2 data in the CMS experiment— ∙AngelaGiraldi and
Maria Aldaya—DESY, Hamburg, Germany

In the Standard Model (SM), the Higgs boson couples to fermions with a

Yukawa-type interaction and a strength proportional to the fermion mass. �e

associated production of a Higgs boson with a top-quark pair (t t̄H) is therefore
the best direct probe of the top-Higgs Yukawa coupling, a vital element to ver-
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ify the SM nature of the Higgs boson. In the SM, the Higgs boson decays into

b-quark-antiquark pair with the largest branching fraction, and is thus experi-

mentally attractive as a �nal state.�e dominant background contributions arise

from t t̄+jets production, and in particular the t t̄bb̄ background is irreducible
with respect to t t̄H ,H → bb̄. To better enhance the sensitivity, the signal is
extracted exploiting multivariate analysis (MVA) techniques.

�is talk focuses on the analysis of the t t̄H ,H → bb̄ process in �nal states with
two leptons using proton-proton data collected by the CMS experiment at the

LHC during 2016-2018 at $s = 13 TeV.�e possibility to critically increase the

sensitivity to the t t̄H signal is investigated using machine learning approaches.
Detailed studies on the optimization and performance of MVA discriminants

trained using Arti�cial Neural Networks are presented in this �nal state.

T 35.5 Tue 17:15 T-H20
Adversarial Machine Learning Methods for Modelling Uncertainty Reduc-
tion in the Bottom Anti-Bottom Higgs Decay Channel of Higgs-associated
TopQuark Pair Production with ATLAS at 13TeV—ArnulfQuadt, ∙Chris
Scheulen, and Elizaveta Shabalina — II. Physikalisches Institut, Georg-

August Universität Göttingen

�e bottom anti-bottomHiggs decay channel of Higgs-associated top quark pair

production o�ers direct access to measurements of the top Yukawa coupling and

Higgs-pT di�erential cross section, which are sensitive to potential new physics.
To incorporate improvements such as developments in b -tagging and event sim-
ulation, a legacy analysis of the t t̄H(H → bb̄) process in the full ATLAS Run 2
Dataset ofL = 139 fb

-1
is currently ongoing.

Modelling di�erences betweenMonte Carlo samples of the dominant t t̄ + jets
background process were found to be one of the most signi�cant sources of un-

certainty in previous analysis rounds. Along with investigating and mitigating

the source of these modelling di�erences via generator studies of new t t̄ + jets
background simulation setups or improving event classi�cation performance to

decrease background contamination in signal regions, the usage of adversarial

machine learning techniques to select robust features could decrease the im-

pact of background modelling systematics on the �t performance. �is talk

will present ongoing e�orts concernedwith developing such adversarialmachine

learning approaches.

T 35.6 Tue 17:30 T-H20
Performance Tests of tH(bb) Signal and Background Separation Using a Bi-
nary Classi�er Neural Network with ATLAS Data — Igor Boyko1

, Nazim

Huseynov
1
, OksanaKoval

1
, ∙Marcel Patzwahl

2
, and André Sopczak

2
—

1
JINR Dubna —

2
CTU in Prague

�e production of a Higgs boson in association with a single top quark is a

strongly suppressed process in the Standard Model (SM). In the current ATLAS

data set of 140 fb
−1
, the SM expected production rate is below the experimental

sensitivity. �us, observing such a tH production would indicate new physics.

�e absolute ttH coupling strength was alreadymeasured and the tH process can

in addition measure the relative sign of the ttH coupling. �erefore, observing

the tH process gives an important additional insight into the physics of the Higgs

mechanism. Owing to the low production rate, it is particularly important to en-

hance the signal sensitivity, and a Neural Network (NN) is used. �e resulting

signi�cance is studied by varying the NN structure. Based on simulated data,

the performances of these di�erent NN structures were tested and results are

expressed as area under the ROC curve to quantify the signal and background

separation.

T 35.7 Tue 17:45 T-H20
Higgs BosonMass Reconstruction in the tHMulti-lepton Channel Using AT-
LAS Data— Igor Boyko1

, AdamHerold
2
, NazimHuseynov

1
, Lars Kolk

3
,

JanKybic
2
, André Sopczak

2
, PetrUrban

2
, and ∙CyrusWalther3— 1

JINR

Dubna —
2
CTU in Prague —

3
TU Dortmund

�e Higgs boson mass is reconstructed in single top production in association

with a Higgs boson, tH, using a regression neural network approach.�e recon-

struction of the Higgs boson mass is expected to show discrimination to back-

ground processes. A focus lies on the lepton association. For the lepton asso-

ciation, a classi�cation neural network is used. Hyperparameter optimization,

as well as feature importance studies, are applied in order to increase the neural

network performance. For the Higgs bosonmass reconstruction, a hyperparam-

eter optimization is also performed. �e performance of the network is tested

on tH signal and tZ background simulations.

T 35.8 Tue 18:00 T-H20
Associatedproduction of aHiggs boson and a single topquark from t-channel
production (tHq) in channels with hadronically decaying tau leptons at AT-
LAS— ∙Tanja Holm and Ian C. Brock— Physikalisches Institut Universität
Bonn
Associated Higgs boson production gives us the opportunity to study its cou-

plings to fermions and bosons. An especially interesting but challenging chan-

nel is the associated production with a single top quark, as it allows one to probe

the relative coupling to both kind of objects. �e downside to this is a small

predicted cross-section and a complicated �nal state including jets from light

quarks or gluons, jets containing b-hadrons, missing ET and leptons.�e decay
into tau leptons which subsequently decay hadronically was chosen as it has a

relatively high Higgs decay branching ratio, while having a lower background

than hadronic processes with higher branching ratios.�is talk will discuss the

search for this channel in the Run 2 LHC dataset by ATLAS.

T 36: Higgs Boson: Extended Models 1
Time: Tuesday 16:15–18:30 Location: T-H21

T 36.1 Tue 16:15 T-H21
Search for heavy Higgs bosons decaying to top quark pairs using the CMS
experiment—Afiq Anuar, AlexanderGrohsjean, ∙Jonas Rübenach, Do-
minic Stafford, and Christian Schwanenberger—DESY, Hamburg, Ger-

many

�e discovery of the Higgs boson at the Large Hadron Collider in 2012marked a

major breakthrough for particle physics, as it permits the veri�cation of theHiggs

mechanism, a central building block of the Standard Model. However, the Stan-

dard Model still lacks explanation for many phenomena we observe throughout

the universe, including dark matter. For a great number of proposed extensions,

such as the minimal supersymmetric standard model, a key ingredient is the ex-

istence of additional Higgs bosons. Using data collected by CMS at the LHC at

$s = 13 TeV, corresponding to a luminosity of 138 fb
−1
, a search is performed

for scalar and pseudoscalar, electrically neutral bosons decaying predominantly

to top quark pairs, which are assumed to further decay dileptonically.�e chal-

lenges connected to this particular search, such as interference with the standard

model background and unknown quantities resulting from neutrino momenta,

are tackled by a full reconstruction of the top quark system and the utilization of

multi-dimensional distributions arising from mass and spin information.

T 36.2 Tue 16:30 T-H21
Exotic Higgs Decays: ATLAS Search for Higgs Decays to Two Light Scalars
— ∙Judith Höfer, Claudia Seitz, Rickard Ström, and Beate Heinemann
—DESY, Hamburg, Germany

Extensions of the SMHiggs sector featuring one or several singlet scalar �elds are

realised in many BMS models. While several searches have been performed tar-

geting decays of the SM Higgs boson to two light spin-zero particles of the same

mass, the decay to two new scalars of di�erent mass is largely unexplored. �e

successive decays of these particles can give rise to spectacular high-multiplicity

collider signatures, including so-called cascade decays, where the heavier of the

scalars decays into the lighter one. �e talk discusses an analysis searching for

scalar decays to multi-b �nal states with the ATLAS experiment at the Large

Hadron Collider, CERN.�e analysis focuses on the ZH production mode and

the channel where the scalars decay to b-quarks, resulting in a challenging low-

pT jet �nal state.�ese signaturesmotivate the use ofmany novel reconstruction

techniques, such as the reconstruction of so� secondary vertices, a newly devel-

oped low-pTX->bb tagger, and an event hypothesis neural network to accurately

identify the Higgs decay to the light scalars among the reconstructed objects.

T 36.3 Tue 16:45 T-H21
Search for DiHiggs production H → hhS in an extended NMSSM Higgs sec-
tor with CMS — ∙Martin Marz, Felix Heyen, Ulrich Husemann, Nikita

Shadskiy, MichaelWassmer, and RogerWolf— Institute of Experimental

Particle Physics (ETP), Karlsruhe Institute of Technology (KIT)

�e search for new physics is essential to validate or exclude theoretical models.

For this purpose, models including additional non-standard-model-like Higgs

bosons are of great interest. �e Next-to-Minimal Supersymmetric Standard

Model (NMSSM) for example predicts such additional Higgs bosons. Especially

the decay of a heavy Higgs boson H into two lighter Higgs bosons �hS , h�, al-
lows for a rich experimental program. Here h is the observed Higgs boson with

properties as expected by the SM.

�e analysis presented in this talk is intended to use a general re-

reconstruction of the LHC run 2 dataset from 2018 to pro�t from the best under-

standing of physics objects measured and reconstructed with the CMS detector

in the search of new physics. �e decay channel h → bb, hS → ττ and the
subsequent decay of the tau pair into a muon and hadrons is studied to add to a

recently published analysis (JHEP 11 (2021) 057) by the CMS collaboration.
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T 36.4 Tue 17:00 T-H21
Verwendung parametrischer neuronaler Netzwerke bei der Suche nach neuer
Physik im Rahmen von NMSSM inspiriertenModellen— ∙Ralf Schmieder,
Markus Klute, Günter Quast, Roger Wolf, Sebastian Brommer, Ma-

ximilian Burkart, Felix Heyen und Tim Voigtländer — KIT, Karlsruhe,

Deutschland
Ein parametrisches neuronales Netzwerk (pNN) ist äquivalent zu einer Folge

einzelner, verwandter NNs, von denen jedes eine eigene Aufgabe erfüllt. Diese

Äquivalenz wird erreicht, indem der Raum der Eingangsparameter des pNNs,

im Vergleich zu den einzelnen NNs, um zusätzliche Modellparameter erweitert

wird. Das pNN erfüllt dann, abhängig von diesen Modellparametern, die Auf-

gaben der einzelnen NNs. Ein typisches Beispiel für den Einsatz eines pNN in

der Teilchenphysik ist die Suche nach einem neuartigen Teilchen mit unbekann-

ter Masse. In diesem Fall wird der aus physikalischen Observablen bestehende

Raum der Eingangsparameter der einzelnen NNs um den Modellparameter der

Masse des neuen Teilchens für die jeweils zu testende Signalhypothese erweitert.

Dieser Vortrag behandelt Studien zu pNNs im Kontext einer durch das

NMSSM inspirierten Analyse der Daten des CMS Experiments. Gesucht wird

nach dem Zerfall eines schweren Higgs-Bosons H in zwei leichtere Higgs-

Bosonen h und hS im Endzustand mit zwei τ-Leptonen und zwei b-Quarks,
H → h(ττ)hS(bb), unter der Annahme von m(h) = 125GeV. Dieses Problem

besitzt zwei unbekannte Massen m(H) und m(hS), die von der zu testenden Si-
gnalhypothese abhängen und beide als Modellparameter in das pNN Training

eingehen sollen.

T 36.5 Tue 17:15 T-H21
Search for NMSSM inspired di-Higgs events in bb+ττ �nal states — ∙Felix
Heyen, Ralf Schmieder, Sebastian Brommer, Günter Quast, Roger

Wolf, Nikita Shadskiy, MartinMarz, and Maximilian Burkhart—KIT,

Karlsruhe
In the next-to-minimal supersymmetric extension of the Standard Model

(NMSSM), modi�cations to the Standard Model Electroweak sector lead to an

extended Higgs sector with a total of seven Higgs bosons.�e decay of a heavy

scalarHiggs boson to a light scalarHiggs boson and aHiggs bosonwith the prop-

erties of the discovered Higgs boson is a promising target of this extension.�is

talk discusses the physics motivations of the NMSSM and introduces the search

for such a decay in ττ +bb �nal states. Of the possible tau lepton �nal states that
can be considered, this search focusses on τhτh �nal state. A simulation of the
2018 CMS data taking period is considered.

T 36.6 Tue 17:30 T-H21
Search for additional MSSM/2HDMH→bb with Run 2 CMS data— ∙Daina
Leyva Pernia—DESY, Hamburg, Germany

Some Beyond Standard Model (BSM) theories, like the Minimal Supersymmet-

ric extension of the Standard Model (MSSM) or the Two-Higgs Doublet Model

(2HDM), predict the existence of additionalHiggs bosonswith an enhanced cou-

pling to bottom quarks. �is talk focuses on the search for new neutral Higgs

bosons decaying into b-quarks and produced in association with at least one

b-quark. �e analyzed data were collected by the CMS experiment at a centre-

of-mass energy of 13 TeV, with the latest data reprocessing. First limits on the

MSSM H→bb process using these data are shown.

T 36.7 Tue 17:45 T-H21
A 96 GeV Higgs Boson in the 2HDM plus Singlet — ∙Cheng Li1, Steven
Paasch

1
, Gudrid Moortgat-pick

1,2
, Sven Heinemeyer

3
, and Florian

Lika
2
—

1
DESY, Notkestraße 85, Hamburg, Germany —

2
II. Institut für�e-

oretische Physik, Universität Hamburg, Luruper Chaussee 149, Hamburg, Ger-

many —
3
Instituto de Física Teórica (UAM/CSIC), Universidad Autónoma de

Madrid, Cantoblanco, Madrid, Spain

We discuss a ∼ 3 σ signal (local) in the light Higgs-boson search in the diphoton
decaymode at ∼ 96GeV as reported by CMS, together with a ∼ 2 σ excess (local)
in the bb̄ �nal state at LEP in the same mass range. We interpret this possible
signal as a Higgs boson in the 2 Higgs Doublet Model type II with an additional

Higgs singlet, which can be either complex (2HDMS) or real (N2HDM). We

�nd that the lightestCP-even Higgs boson of the two models can equally yield

a perfect �t to both excesses simultaneously, while the second lightest state is

in full agreement with the Higgs-boson measurements at 125 GeV, and the full

Higgs-boson sector is in agreement with all Higgs exclusion bounds theoretical

and experimental constraints. We derive bounds on the 2HDMS and N2HDM

Higgs sectors from a �t to both excesses and describe how this signal can be

further analyzed at future e+e− colliders. We analyze in detail the anticipated
precision of the coupling measurements of the 96 GeV Higgs boson at the ILC.

We �nd that these Higgs-boson measurements at the LHC and the ILC cannot

distinguish between the two Higgs-sector realizations.

T 36.8 Tue 18:00 T-H21
Dark Matter Phenomenology in Two Higgs Doublet Model with a Complex
Singlet — Gudrid Moortgat-Pick, Juhi Dutta, and ∙Julia Ziegler — II.
Institut für �eoretische Physik Universität Hamburg, Luruper Chaussee 149,

22761 Hamburg, Germany

Although the Standard Model is very successful, there are still open problems

which it cannot explain. (e.g. dark matter, baryon asymmetry etc.) �is has

led to various Beyond Standard Model theories, of which Two Higgs Doublet

models are very popular, as they are one of the simplest extensions and lead to

a rich phenomenology. We consider a Two Higgs Doublet model extended by a

complex singlet scalar, where both, the doublets, as well as the singlet obtain a

vacuum expectation value (vev). �e singlet serves as a dark matter candidate.

�is model can solve the above mentioned problems and can also provide grav-

itational wave signals under speci�c circumstances, respectively. Furthermore

one could obtain additional mixing of the dark matter and Higgs sector through

the singlet vev. In this work we examine the in�uence of the parameters of the

singlet potential on the dark matter relic density and nuclear scattering cross

sections.�e results are then compared with constraints from experiments.

T 36.9 Tue 18:15 T-H21
Impact of the di�erent discrete symmetries in the 2HDM and N2HDM on
Domain Wall formation and its phenomenological implications — ∙Luis
Hellmich

1
and Gudrid Moortgat-Pick

1,2
—

1
Universität Hamburg, Ham-

burg, Deutschland —
2
DESY, Hamburg

Domain wall formation is a consequence of spontaneously broken discrete sym-

metries. Stable domain walls are cosmological bad news as they are expected to

dominate the energy density of the universe. One way to overcome this domain

wall problem are energetically biased vacua, which can render domain walls un-

stable.

In the 2HDM andN2HDM a discreteℤ2 symmetry is usually present in order

to avoid FCNCs, which is so�ly broken and hence can produce collapsing do-

main walls. We �nd that in the Type I 2HDM andN2HDM there is an additional

inherent and not explicitly brokenℤ2 symmetry. Furthermore the N2HDM also

exhibits the well-known only spontaneously broken ℤ�
2 symmetry. We want to

discuss the impact of those di�erent discrete symmetries on domain wall forma-

tion. In particular we want to show how stable domain walls for the unbroken

discrete symmetries may be suppressed and analyze the phenomenological con-

sequences when applying the resulting constraints on the 2HDM and N2HDM.

T 37: Search for New Particles 2
Time: Tuesday 16:15–18:30 Location: T-H22

T 37.1 Tue 16:15 T-H22
Search for heavy neutral leptons in decays ofW bosons using a dilepton dis-
placed vertex in $s = 13 TeV pp collisions with the ATLAS detector. —
∙Christian Appelt and Heiko Lacker— Humboldt University, Berlin, Ger-
many

We present the ATLAS search for displaced heavy neutral leptons (N ) using

the full integrated LHC-Run 2 luminosity of 139/fb. Adding right-handedMajo-

rana neutrinos, so-called heavy neutral leptons, to the SM Lagrangian can help

explain observed phenomena such as neutrino oscillations, matter-antimatter

asymmetry, and dark matter. For the �rst time, we test not only the single-�avor

mixing scenario but also multi-�avor mixing scenarios motivated by neutrino

�avor oscillation results for normal and inverted neutrino mass hierarchies.�e

signature involvesN production inW-boson decays,W → N μ orW → N e,
and its decay into two charged leptons and a neutrino forming a displaced vertex.

We interpret the search results in theN coupling versus mass plane.

T 37.2 Tue 16:30 T-H22
Search for excited leptons in the contact interaction and Z decay channels
with CMS— ∙FabianNowotny, ThomasHebbeker, and KerstinHoepfner
— III. Physikalisches Institut A, RWTH Aachen

�e Standard Model of particle physics does not provide a comprehensive ex-

planation for the observed hierarchy of three generations of fermions, for both

leptons and quarks. A possible explanation is delivered by models postulating

that quarks and leptons themselves are composite objects.�eir constituents are

bound by an asymptotically free gauge interaction below a characteristic scale

Λ. Such models of compositeness predict the existence of excited lepton (l
⋆
) and

excited quark (q
⋆
) states at the characteristic scale Λ of the new binding interac-

tion.�e theory allows the production of excited leptons via contact interactions

in conjunction with a Standard Model lepton. Furthermore, the leptons can de-

cay into several �nal states.

�is talk focuses on the contact interaction and Z-boson decay channels, both
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resulting in l⋆ → lqq̄ transitions where l represents e and μ. Preliminary results
are presented on the 2018 proton-proton dataset corresponding to a luminosity

of 59.8 fb
−1
at a center of mass energy of $s = 13 TeV.

T 37.3 Tue 16:45 T-H22
Search for pair-produced leptoquarks decaying into quarks of the third and
leptons of the �rst or second generation with the ATLAS experiment at
$s = 13TeV — ∙Volker Austrup and Frank Ellinghaus — Bergische Uni-
versität Wuppertal

Motivated by similarities between the quark and lepton sectors, leptoquarks

(LQs) are hypothetical bosons assumed to couple to quarks and leptons at the

same time. First proposed in the 1980s, the initial models included couplings

only within one generation. However, hints at lepton �avor universality violation

observed in several B meson decay experiments such as LHCb, BaBar, and Belle

have sparked a renewed interest in LQ models, particularly extensions allowing

couplings to quarks and leptons of di�erent generations.�esemodels introduce

lepton �avor violating processes - strongly suppressed in the Standard Model -

at tree level, thus modifying rare B meson decays. In this talk, a search for pair-

produced scalar and vector LQs decaying into quarks of the third and leptons

(neutral and charged) of the �rst or second generation is presented.�e focus of

the analysis is on �nal states with exactly one charged lepton and large amounts

of missing transverse momentum. Neural networks are utilized to ensure good

separation between signal and background processes across a wide range of the

parameter space. Exclusion limits are presented, based on pp-collision data cor-
responding to 139fb

−1
at a centre-of-mass energy of $s = 13 TeV collected by

the ATLAS experiment at the LHC between 2015 and 2018.

T 37.4 Tue 17:00 T-H22
Leptoquark production in a single τ, charm/bottom andmet �nal state at the
ATLAS detector — ∙Patrick Bauer, Philip Bechtle, and Klaus Desch —
Physikalisches Institut Bonn

At B-factories, anomalies were observed in decays of the B-hadrons into D
(∗)

and K
(∗)
, which are consistent with the hypothesis of contributions from Lepto-

quarks in the high GeV to low TeV range.

�erefore, the direct search for leptoquarks (LQ) got once again in focus

at high energy collider experiments. So far most searches aimed at the pair-

production via strong interaction, as it is enables a almost model independent

approach and is for LQ-masses below 1 TeV expected to be dominating.

However for LQ masses well above 1 TeV the single production mode becomes

more relevant. �e analysis presented this talk, o�ers the most direct approach

for a search of LQ signature related to the B → D
(∗)τí anomaly, as it incorpo-

rates essentially the same couplings. Furthermore the process to be investigated

could bemediated by aU1-vector LQ, which is presently widely discussed among

theorists, as preferred solution to B-anomalies.It could explain the two observed

anomalies within one model.�e talk will motivate the analysis and present the

ongoing search for vector LQ in single and pair production in �nal states with

one τ, bottom or charm jet and large met.

T 37.5 Tue 17:15 T-H22
�e LHC as Lepton–Proton Collider: Searches for Resonant Production of
Leptoquarks— ∙Daniel Buchin, Michael Holzbock, and Hubert Kroha

—Max-Planck-Institut für Physik, München

Searches for leptoquarks constitute an essential part of the physics programme

at the ATLAS detector. �ese hypothetical particles couple to both leptons and

quarks and are predicted by many extensions of the Standard Model such as

Grand Uni�ed�eories. In particular leptoquarks with couplings to third gen-

eration fermions are of general interest since they represent a possible solution

to the tensions observed in tests of the lepton �avour universality in b → s and
b → c transitions. By considering the small but non-zero lepton content of
the proton due to quantum �uctuations it becomes possible to target the reso-

nant production of leptoquarks at the LHC. Phenomenological studies indicate

that this production mode yields competitive sensitivity to existing leptoquark

searches.

Resonantly produced leptoquarks give rise to a lepton + jet signature. Inter-

estingly, such a �nal state is currently not well covered by ATLAS and CMS.

�erefore, the analysis of the resonant production is an exciting complementary

approach to the current leptoquark searches that consider e.g. pair production.

�e talk will introduce the leptoquark models of interest for this analysis and

outline its general strategy.

T 37.6 Tue 17:30 T-H22
Search for Vector Like Quarks in the decay channel to top and Higgs boson
with the CMS experiment — ∙guillaume greau — Deutsches Elektronen-

Synchrotron DESY, Hamburg, Allemagne

A search for vector like quarks (VLQ) using the Run 2 data collected by the CMS

experiment is presented.�e VLQs are searched in the decay channel into a top

quarks and a Higgs boson, in which the Higgs boson further decays into WW.

�e channel with two leptons of same sign is studied, as it suppresses consider-

ably the standard model background. First results on distributions to discrimi-

nate the signal from the background will be shown.

T 37.7 Tue 17:45 T-H22
Suche nach vektorartigen Quarks in Endzuständen mit einem Lepton, Jets
und fehlendem transversalem Impuls am ATLAS Experiment— Frank El-
linghaus und ∙Jens Roggel— Bergische Universität Wuppertal
Verschiedene Modelle für Physik jenseits des Standardmodells sagen vektorar-

tige Quarks voraus, deren rechts- und links-händige Komponenten gleichartig

unter der schwachen Wechselwirkung transformieren.

Die Analyse fokussiert sich auf die Suche nach vektorartigen Top-Quarks aus

Paarproduktion mit einem Zerfall in Top-Quark und Z-Boson, wobei das Z-

Boson in Neutrinos zerfällt. Die betrachteten Ereignisse werden durch ein Lep-

ton, Jets und einen hohen fehlenden transversalen Impuls im Endzustand ge-

kennzeichnet. Weiter führen die hohen Massen der vektorartigen Quarks zu ei-

nem starken Boost der Zerfallsprodukte, was zu einer kollimierten Zerfallsto-

pologie führt. Der Status der Analyse der ATLAS pp Daten bei $s = 13 TeV

wird präsentiert, wobei Ausschlussgrenzen auf die Paarproduktion von vektor-

artigen Top- und auch Bottom-Quarks in allen Zerfallskanälen des vektorartigen

Quarks in ein Boson und ein Quark gesetzt werden.

T 37.8 Tue 18:00 T-H22
Search for long-lived particles within the CMS tracker— ∙Karim ElMora-

bit, Lisa Benato, Melanie Eich, Gregor Kasieczka, and Karla Pena —

Institut für Experimentalphysik, Universität Hamburg

Several theories for physics beyond the standard model (BSM) predict the ex-

istence of long-lived particles (LLPs) that have comparably long lifetimes lead-

ing to macroscopic �ight distances. Higgs-portal models, for example, propose

the existence of a dark sector with particles that are neutral under the standard

model (SM) gauge groups. In such theories, the SM Higgs boson mixes with a

dark partner and acts as a mediator between the SM and the dark sector.�e SM

Higgs boson could then decay to a pair of dark sector LLPs which subsequently

decay to SM particles – predominantly into bottom quark-antiquark (bb) pairs.

�is talk discusses searches for LLPs using data recorded with the CMS exper-

iment at a center-of-mass energy of 13 TeV.�e searches target events in which

the LLPs decay into bb pairs within theCMS tracking system a�er �ight distances

ranging from micrometers up to 1m.�e signature of the signal events consists

of bb originating from displaced vertices.�e searches face di�erent challenges

depending on the lifetime of the LLPs. For short lifetimes, the decay products of

LLPs need to be distinguished from those of SM particles, while the search for

longer lifetimes requires dedicated tracking and vertex reconstruction methods.

In both cases the challenges are tackled using machine learning approaches.

T 37.9 Tue 18:15 T-H22
Search for long-lived particles in the CMS calorimeters and muon chambers
— ∙Lisa Benato, Jörg Schindler, and Gregor Kasieczka— Institut für Ex-
perimentalphysik, Universtät Hamburg

Many beyond the standard model (BSM) theories predict the existence of long-

lived particles (LLPs) that have long lifetimes and decay in the outermost parts

of a hadron collider experiment, such as the calorimeters and muon chambers

of the CMS detector. Very displaced signatures (decay length beyond 1 m) can

only be reconstructed with non-standard approaches by using low-level detector

information (hits in themuon chambers and scintillation time of the calorimeter

crystals). LLP decays in calorimeters are identi�ed as jets, delayedwith regards to

the proton-proton collision and with a small number of associated tracks. Muon

chambers act as sampling calorimeters and LLP decays originate showers of hits

in the gas detectors, identi�ed as clusters, with no concurrent activity in the in-

ner layers. No SM process produces this kind of signatures at a relevant rate.�e

expected background is nearly zero and due to detector noise and non-collision

backgrounds. Such a clean environment allows to probe light LLPswith unprece-

dented sensitivity.
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T 38: Search for New Particles 3
Time: Tuesday 16:15–18:00 Location: T-H23

T 38.1 Tue 16:15 T-H23
Searching for Axion-Photon Couplings — ∙Robin Löwenberg, Tom

Krokotsch, DanielKlein, GudridMoortgat-Pick, and Krisztian Peters

—Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany

�e nature of dark matter is not yet known. Extensive studies have been done

searching for a weakly interactive massive particle (WIMP) but are still waiting

for a positive signal.

Another popular approach is assuming that dark matter consists of light par-

ticles rather than WIMPs. �ese particles are called weakly interactive slender

particles (WISPs). One of the most promising candidates is the axion which

was proposed in the seventies to solve the so-called strong-CP-problem. It later

turned out to be a good dark matter candidate in a certain mass range.

Experiments searching for axions and axion-like particles like ALPS 1

(2007-2010) and ALPS 2 (since 2021) are provided by Deutsches Elektronen-

Synchrotron (DESY) in Hamburg with further experiments on the way. Most of

them are based on the assumption that axions show photon-like couplings and

therefore would interact with electromagnetic �elds.

�is talk aims to explain the concept of axions and in which mass ranges and

coupling strengths they might be a good dark matter candidate. Furthermore, a

quick overview will be given of current and possible future experiments promis-

ing to detect the particle if it exists.

T 38.2 Tue 16:30 T-H23
�e ALPS II experiment at DESY - Status and prospects— ∙Kanioar Karan
for the ALPS-Collaboration — DESY / Cardi� University, Hamburg, Germany

�e Any Light Particle Search II (ALPS II) is a laboratory-based light shining

through a wall experiment (LSW) to probe the existence of Axion-Like-Particles

(ALPs) with a coupling to electromagnetic �elds as low as дaγγ ≈ 2×10−11GeV−1

that is hinted at some astrophysical anomalies such as stellar evolutions and the

TeV transparency of the universe. �is LSW experiment is based on the sim-

ple idea that a high power laser �eld that propagates through a static magnetic

�eld can partly oscillate into an ALP �eld.�e ALP �eld then crosses an opaque

wall to a second static magnetic �eld and can partly re-oscillates into an elec-

tromagnetic �eld which can be detected with a detector. In order to achieve the

anticipated sensitivity, two 125m long optical cavities, operated in a vacuum sys-

tem, are used: one with an expected circulating power of 150kW for the ALPs

production and one with an expected power build-up of 40,000 to enhance the

regeneration of the electromagnetic �eld. �e circulating �eld in each cavity is

directed through a string of 12 superconducting HERA dipole magnets provid-

ing a magnetic �eld of 5.3T.�e ALPS II experiment is located at DESY in Ham-

burg and is currently in the commissioning phase. In this talk, we will present

the current status, challenges and perspectives of the ALPS II experiment with

the focus on the optical setup.

T 38.3 Tue 16:45 T-H23
Analysis and simulation of TES data in the ALPS II experiment — ∙José
Alejandro Rubiera Gimeno for the ALPS-Collaboration — Deutsches

Elektronen-Synchrotron, Hamburg, Germany

�e Any Light Particle Search II (ALPS II) is a Light-Shining-through-a-Wall

experiment under construction at DESY, Hamburg. Its goal is to probe the ex-

istence of Axion Like Particles (ALPs), a possible candidate for dark matter. In

the ALPS II region of study, a rate of photons reconverting from ALPs on the

order of 10
−5
cps is expected. �is requires a sensor capable of measuring low-

energy photons (1.165 eV) with high e�ciency and a low dark count rate. We in-

vestigate a tungsten Transition Edge Sensor (TES) system as a photon-counting

detector that promises to meet these requirements. �is detector exploits the

drastic change in its resistance caused by the absorption of a single photon when

operated in its superconducting transition region at millikelvin temperatures.

In this work, the analysis procedure applied to measured TES pulses, in time

and frequency domain, is presented.�is analysis allows extracting characteris-

tic parameters used for signal discrimination against backgrounds. �e energy

resolution computed from data is compared to simulations of electronic noise

superimposed with ideal photon pulses.

T 38.4 Tue 17:00 T-H23
Status and Prospects of a TES-basedDetector System for ALPS II— ∙Gulden
Othman for theALPS-Collaboration—University ofHamburg, Hamburg, Ger-

many

�e Any Light Particle Search II (ALPS II) experiment will search for QCD ax-

ions and axion-like particles (ALPs) in an important parameter space that is rel-

evant in understanding anomalous astrophysical phenomena, including stellar

evolution and dark matter. ALPS II takes advantage of the axion coupling to

photons using a Light-Shining-through-a-Wall technique. Photons created us-

ing a strong laser may convert into ALPs in the presence of a strong magnetic

�eld. �e ALPs can traverse a light-tight barrier, reconvert into photons within

a second magnet string, and be subsequently detected.�e rate of re-converted

photons is extremely low, on the order of 10
−5
counts/second, and their obser-

vation requires the use of sensitive photon detectors with high e�ciency and low

backgrounds. �e �rst stage of ALPS II, currently under construction at DESY,

Hamburg, will use a heterodyne detection method. In the subsequent phase,

ALPS II can utilize advances in cryogenic quantum sensing by employing Tran-

sition Edge Sensors (TESs). We are currently developing a TES-based detector

system that canmeet the requirements for ALPS II, o�ering single-photon detec-

tion with high e�ciency and low-backgrounds at the 1064 nm (1.165 eV) energy

of interest. In this talk, we present the feasibility, challenges, and current status

of the TES-based detector system for ALPS II at DESY, Hamburg.

T 38.5 Tue 17:15 T-H23
Monte Carlo based ray tracing for BabyIAXO — ∙Johanna von Oy, Klaus

Desch, Jochen Kaminski, Tobias Schiffer, and Sebastian Schmidt —

Physikalisches Institut der Universität Bonn

�e premise of the International AXion Observatory (IAXO) and its intermedi-

ate experimental stage BabyIAXO is to detect the undiscovered particle axion,

which can be a good candidate for dark matter.�is will be done by utilizing the

inverse Primako� e�ect to reconvert them into X-rays in the magnetic �eld of a

movable magnet. Following this, they would get focused by an X-ray optic and

detected in, for example, a window sealed gaseous detector.

To simulate this whole process, ray tracing based on the Monte Carlo method

is a useful tool, as a certain number of axions would be generated and get as-

signed di�erent probabilities and changes of direction depending on the setup.

�is talk will focus on the individual steps, starting with the production in the

sun and following the axion’s path to the detector.

T 38.6 Tue 17:30 T-H23
Anisotropy e�ects in a dielectric haloscope for dark matter searches —
∙bernardo ary dos santos for the MADMAX-Collaboration — RWTH III.

Physikalisches Institut A, Aachen, Germany

�e MADMAX collaboration intends to build a dielectric haloscope targeted to

detect galactic axion dark matter, in the mass range 40 − 400μeV .�is experi-
ment consists of a series of dielectric discs and a mirror placed inside a strong

homogeneous magnetic �eld that would produce the emission of coherent elec-

tromagnetic radiation with a frequency related to the mass of the axion. One of

the current challenges is to simulate this experiment taking into account realistic

settings. We present an improved simulation that is able to include the e�ects of

anisotropic dielectric discs in the experiment.

T 38.7 Tue 17:45 T-H23
Axion dark matter searches using superconducting radio frequency cavi-
ties — ∙Tom Krokotsch1

, Robin Löwenberg
1
, Daniel Klein

1
, Gudrid

Moortgat-Pick
1,2
, and Krisztian Peters

2
—

1
Universität Hamburg, Ham-

burg, Germany —
2
Deutsches Elektronen-Synchrotron DESY, Hamburg, Ger-

many

Recent proposals of employing superconducting radio frequency (SRF) cavities

to detect axions suggest promising sensitivities in previously unexplored param-

eter space.�is includes QCD axions and axion-like dark matter with masses in

a range of about eight orders of magnitude.

�e setup aims to detect photons generated through the predicted interaction

of axions with electromagnetic �elds. An advantage of this design is that it al-

lows scanning over a range of axion masses by slightly altering the cavity. Such

a detector bene�ts from the high quality factors achieved in modern SRF tech-

nology.

In the talk we discuss the general idea behind the detector, it’s most signi�cant

parameters to achieve a high signal power and evaluate which cavity geometries

and transitions are the most promising. Particular attention must be paid to

minimise various noise sources which limit the sensitivity of the setup.
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T 39: Gaseous Detectors 2
Time: Tuesday 16:15–18:15 Location: T-H24

T 39.1 Tue 16:15 T-H24
Development of gas and high voltage systems for a small-strip �in
Gap Chamber quadruplet — ∙José Antonio Fernández Pretel, Ksenia
Solovieva, Bernhard Pfeifer, Jürgen Tobias, Patrick Scholer, Ul-

rich Landgraf, and Vladislavs Plesanovs — Albert-Ludwigs Universität

Freiburg

In the ATLAS detector, a good performance of the trigger and tracking systems

is needed to ensure its physics program. For this purpose, the end-cap muon

system has been upgraded by installing the so-called New Small Wheel. �e

small-strip�in Gap Chambers (or sTGCs for short, one of its main technolo-

gies) are multi-wire proportional counters running with a working mixture of

CO2:n-pentane (55:45) and a high voltage about 3kV for signal ampli�cation.

For the test setup being designed in Freiburg, a gas and high voltage systems

are needed to run sTGCs, whose optimal operation needs to be guaranteed in

real time via monitoring. In this presentation, the mixing, delivery and storage

components of the gas system, the high-voltage and monitoring systems to run

sTGCs in Freiburg are discussed.

T 39.2 Tue 16:30 T-H24
Cosmic Test Stand Studies with a small-strip�in Gap Chamber quadruplet
— ∙Ksenia Solovieva, JoseAntonio Fernandez Pretel, Patrick Scholer,
Vladislavs Plesanovs, and Ulrich Landgraf—Albert-Ludwigs University,

Freiburg

�e small-strip �in Gap Chamber (sTGC) technology is being implemented

in the New Small Wheel upgrade of ATLAS for improved triggering and track-

ing in a higher particle rate environment. �e sTGC detector readout includes

a pad segmentation, which plays a key role in the trigger chain. For the pur-

pose of investigating readout and trigger parameters, a quadruplet was set up in

a cosmic muon test stand in Freiburg and read out with the �nal ATLAS NSW

readout system and the �nal gas mixture. Another quadruplet was also tested in

the gamma irradiation facility (GIF++) at CERN with a muon beam.�e results

of this study will be used for comparison with the results from the local setup.

�is presentation discusses the goals and challenges of the dedicated setup, as

well as presenting the prospective results.

T 39.3 Tue 16:45 T-H24
Study of the Position Resolution of Large Scale Micromegas Detectors —
∙Vladislavs Plesanovs, Patrick Scholer, Ulrich Landgraf, and Gregor
Herten—University of Freiburg

During the current Long Shutdown 2 (LS2), the ATLASmuon spectrometer will

receive an upgrade with the New SmallWheels (NSW), which consist of two new

technologies, the sTGC detector (trigger) and the Micromegas detector (track-

ing).

�e performance parameters of the Micromegas detectors, such as e�ciency,

gain, and position resolution, have been studied in the past with cosmic muons

and test beams. In a recent study using cosmic muons, which forms the basis for

this presentation, an attempt was made to improve the position resolution using

a charge-weighted mean time correction.

T 39.4 Tue 17:00 T-H24
Clock phase calibration of the readout controller of the NSW — ∙Jonas
Roemer

1
, Anne Fortman

2
, Michelle Solis

3
, and Jared Sturdy

1
—

1
Department of Physics and Astronomy, University of California, Irvine —

2
Harvard University —

3
University of Arizona

ATLAS introduces a new muon detector system for the upcoming Run 3 of the

LHC:�e New Small Wheel (NSW).�e NSW features two detector technolo-

gies, theMicromegas and the small�inGapChambers.�e front-end boards of

both technologies use the same readout controller ASIC (ROC).�e purpose of

the ROC is, among other things, to receive and route trigger, timing and control

(TTC) signals, and to collect the channel hit data and transmit it to the readout

system.

�e ROC samples the TTC stream with a con�gurable 40 MHz clock. �e

phase of this clock must be calibrated to interpret the TTC words correctly. Fur-

thermore, the ROC has two 160 MHz clocks for internal functionality and for

sampling the hit data from the VMMs. Both must be calibrated relative to each

other.

�is talk outlines the electronics architecture and calibration procedure and

presents the results.

T 39.5 Tue 17:15 T-H24
Gas Monitoring Chambers for the T2K Near Detector Upgrade — Philip

Hamacher-Baumann, Ines Hannen, Leon Mans, Thomas Radermacher,

Stefan Roth, David Smyczek, and ∙Nick Thamm— RWTH Aachen Univer-
sity - Physics Institute III B, Aachen, Germany

Measurements from the Tokai to Kamioka (T2K) long baseline neutrino oscil-

lation experiment have shown �rst indications for CP violation in the leptonic

sector. To improve these results, a part of the near detector (ND280) of T2K

will be replaced by a 3D �ne-grained scintillator tracker acting as target (SFGD),

two high-angle time projection chambers (HA-TPCs) and a time-of-�ight sys-

tem (TOF).�e Aachen group is developing and constructing new gas moni-

toring chambers for the existing and new TPC systems to be installed in 2023.

�ese chambers are dedicated to the continuous calibration and monitoring of

the TPC dri� gas properties. �is talk gives an overview of the design, simula-

tion, comissioning and series production of the new gas monitoring system.

T 39.6 Tue 17:30 T-H24
Electronics of theNewT2KGasMonitoringChambers—PhilipHamacher-
Baumann, Thomas Radermacher, Stefan Roth, ∙David Smyczek, and
Nick Thamm — RWTH Aachen University - Physics Institute III B, Aachen,

Germany

A pair of High Angle Time Projection Chambers (HATs) will be installed dur-

ing the upgrade of the T2K near detector ND280. For the calibration of the new

HATs the gas parameters will be continuously monitored. For this task, new Gas

MonitoringChambers (GMCs) are developed by theAachen group and currently

under construction.�e electronics of the GMC consist of a preampli�er for the

anode signals, a triggering system using SiPMs, a data acquisition system using

VME waveform digitizers and a slow control logging parameters like pressure

and temperature. �e design and the commissioning of the electronics system

will be presented.

T 39.7 Tue 17:45 T-H24
Hydrogen-rich Gases for High Pressure Time Projection Chambers at Neu-
trino Beamlines — ∙Philip Hamacher-Baumann, Thomas Radermacher,
Stefan Roth, and Nick Thamm— Physics Institute III B, Aachen, Germany

DUNE’s near detector complex foresees a magnetized high-pressure gaseous

time projection chamber (HPgTPC) as part of its detector suite. �e gaseous

active volume boasts a very low detection threshold with high particle-

identi�cation power and large acceptance for tracking. Especially interactions

on the gas itself in the high intensity neutrino beam will be collected with an

unmatched rate. For design and development of a pressurized TPC, it is essen-

tial to quantify and validate electron dri� parameters, to predict performance of

the �nal detector, e.g. HPgTPC.�is presentation investigates how electron dri�

parameters of dri� gas mixtures perform at higher than atmospheric pressures.

Additionally, a study of hydrogen-rich Argon:Methane gas mixtures for consid-

eration in HPgTPC is presented using measurements from a test chamber.

T 39.8 Tue 18:00 T-H24
Boron-based neutron Time Projection Chamber — ∙Divya Pal1, Jochen
Kaminski

1
, Micheal Lupberger

1
, Markus Köhli

1,2
, Klaus Desch

1
,

Markus Gruber
1
, Saime Gürbuz

1
, and Laura Rodriguez Gómez

1
—

1
Physikalisches Institut, Universität Bonn —

2
Physikalisches Institut, Univer-

sität Heidelberg

�ermal neutron detection is crucial in various areas ranging from fundamental

physics research to national security, crystallography andmedicine. Tradionally,

thermal neutron detectors use Helium-3 �lled proportional counters. However,

due to the supply shortage of Helium-3, leading to a rapid increase in its price,

alternative detectors are sought.

In Bonn, the BOron DEtector with Light and Ionization Reconstruction

(BODELAIRE) is being developed to provide high spatial and time resolution

in thermal neutron detection. �e BODELAIRE is based on the principle of a

Time Projection Chamber (TPC) with thin layers of Boron-10 neutron convert-

ers placed perpendicular to aGridPix readout whichwill have Timepix3 as ASIC.

�e trigger is placed along the �eld cage, consisting of multiple layers: Boron,

scintillator and light readout.�us, the working principle is that the conversion

of the neutron with Boron-10 gives two tracks, one giving a trigger signal in the

scintillator while the other leaves a track in the gas volume.

�e concept and current development status of the BODELAIRE will be pre-

sented.
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T 40: Pixel Detectors 2
Time: Tuesday 16:15–18:30 Location: T-H25

T 40.1 Tue 16:15 T-H25
Tangerine: Monte Carlo simulations of MAPS in a 65 nm imaging process—
∙ManuelAlejandroDelRioViera, HåkanWennlöf, andAdriana Siman-

cas for the Tangerine-Collaboration — Deutsches Elektronen-Synchrotron

(DESY)

�e Tangerine project’s goal is to develop the next generation of small collec-

tion electrodemonolithic silicon pixel detectors using the 65 nmCMOS imaging

process.�is o�ers a higher logic density and overall lower power consumption

compared to previously used processes. In monolithic sensors the sensitive vol-

ume and readout are in a single chip, which enables a lower material budget, and

reduced cost and production e�ort compared to hybrid sensors.

In order to understand the processes and parameters that are involved in the

developments in the new 65 nm technology, a combination of TCAD andMonte

Carlo (MC) simulations are used. Allpix Squared utilizes the realistic electric

�elds and doping pro�les provided by the TCAD simulations and by the use of

MC methods, obtains results that can later be compared to experimental data

from test beam experiments.

�is presentation will cover the design and setup of the Monte Carlo simula-

tions and present the results obtained so far.

T 40.2 Tue 16:30 T-H25
Tangerine project - Studies of MAPS prototypes in CMOS 65 nm technol-
ogy — ∙Gianpiero Vignola for the Tangerine-Collaboration — Deutsches

Elektronen-Synchrotron, Hamburg, Germany

CMOS Monolithic Active Pixel Sensors, widely used as imaging devices, repre-

sent an attractive alternative to hybrid pixel detectors in High Energy Physics.

�e Tangerine project at DESY aims to develop a fully integrated 65 nm CMOS
pixel sensor for future application, from beam-test facilities to Higgs factories.

�e goal is to achieve time resolutions of the order of 1 ns and spatial resolution

below 3 μm. First 65 nmCMOS test chips with 4 pixels of 16 μm pitch and analog
readout have been investigated in beam-test studies and with an Iron-55 source.

Results of detailed waveform analysis, characterizing the charge sensitive ampli-

�er, will be reported. �e outcome of these studies will be used to improve the

sensor layout and its signal-processing circuitry in the next Tangerine prototype.

T 40.3 Tue 16:45 T-H25
Device simulations of a MAPS developed in 65nm CMOS Imaging Tech-
nology — ∙Adriana Simancas for the Tangerine-Collaboration — Deutsches
Elektronen-Synchrotron, Hamburg, Deutschland

Monolithic CMOS sensors have found their way through imaging technologies

into High Energy Physics thanks to multiple advantages in particle detection.

�eir main characteristic is the integration of an active sensor and readout in

the same silicon wafer, which provides a reduction in production e�ort, costs

and material.�e Tangerine project aims to develop the next generation of sili-

con pixel sensors for lepton colliders using a 65 nm CMOS imaging technology

with a small collection electrode. It o�ers a signi�cant improvement in the logic

density of the pixels, the power consumption, the material budget and the S/N in

comparison to previously studied technologies. Since the electric �elds inmono-

lithic sensors are quite complex, device simulations are needed to develop an un-

derstanding of this technology and provide important insight into performance

parameters of the sensor. TCAD is a very powerful tool that allows to simulate

the electrical properties of semiconductors. Herewith, it is possible to optimize

the sensor layout and other features to achieve excellent time and spatial resolu-

tion.�is contribution will present the latest developments in device simulation

of a 65 nm CMOS sensor with a small collection electrode using TCAD.

T 40.4 Tue 17:00 T-H25
Simulating Hexagonal Monolithic Pixel Sensors in CMOS Imaging Tech-
nology — ∙Larissa Mendes for the Tangerine-Collaboration — Deutsches

Elektronen-Synchrotron (DESY), Hamburg, Germany

In this research, monolithic pixel sensors in CMOS imaging technologies with

small collection electrodes are investigated for fast signal collection and precise

timing to be used at future lepton colliders. Integrated monolithic CMOS o�ers

a cost-e�ective monolithic integration of sensor and electronics. It allows sig-

ni�cant reductions in the material budget compared to hybrid pixel detectors,

providing an excellent signal-to-noise ratio and position resolution.

When compared to a square grid, the distance between the pixel border and

the collection electrode can be reduced by placing the collection electrodes on a

hexagonal grid for a given area de�ned by the circuit functionality. �e hexag-

onal grid reduces charge sharing, increasing the signal in the seed pixel. �e

studies are being carried out with 3D Synopsys’ Technology Computer-Aided

Design (TCAD) to create a sensor structure that can optimize the depletion re-

gion size and increase the lateral electric �eld for fast charge collection by dri�.

�e electrode size, electrode size, as well as other parameters of the sensor de-

sign, are optimized using 3D TCAD simulations.

T 40.5 Tue 17:15 T-H25
Guard-ring optimisation for sensors in LFoundry 150nm CMOS technol-
ogy — ∙Sinuo Zhang, Tomasz Hemperek, and Jochen Dingfelder —
Physikalishes Institut, Rheinishe Friedrich-WelhemUniversität Bonn, Nussallee

12, 53115 Bonn, Germany

In high energy physics, the silicon pixel sensors manufactured in commercial

CMOS chip fabrication lines have been proven to have a good radiation hard-

ness and spatial resolution. Along with the mature manufacturing techniques

and the potential of large throughput provided by the foundries, the so-called

“passive CMOS” sensor has become an interesting alternative to standard planar

sensors, in particular for large-area applications. High and predictable break-

down behaviour for pre- and post-irradiation is a major design goal for sensors

and the guard-ring structure is one factor to optimise.�is is especially impor-

tant for applications that require higher voltages.

We present several concepts of the guard-ring design that can be realised in

LFoundry 150nm CMOS technology. As was studied with TCAD simulations,

such designs can lead to a higher breakdown voltage by modifying the potential

and electric �eld distribution in the guard-ring area. A number of test structures

have been designed for the RD50 MPW-3 and the CMS CROC submission for

veri�cations and further studies.

T 40.6 Tue 17:30 T-H25
Monte Carlo simulations of a beam telescope setup based on the 65nmCMOS
Imaging Technology— ∙Sara Ruiz Daza for the Tangerine-Collaboration —
Deutsches Elektronen-Synchrotron, Hamburg, Germany

Monolithic CMOS sensors enable the development of detectors with a low ma-

terial budget and a low fabrication cost. Moreover, using a small collection elec-

trode results in a small sensor capacitance, a low analogue power consumption,

and a large signal-to-noise ratio.�ese characteristics have become very attrac-

tive in the development of new silicon sensors for charged particle tracking at

future experiments. A beam telescope setup consisting of detector prototypes

designed in a novel 65 nm CMOS imaging process is being simulated.�is con-

tribution describes the �rst steps and veri�cations in the design of such a tele-

scope using the Allpix Squared and Corryvreckan frameworks for simulation

and analysis.

T 40.7 Tue 17:45 T-H25
�e Allpix Squared pixel detector simulation framework — ∙Håkan
Wennlöf, Simon Spannagel, and Paul Schütze — DESY, Notkestrasse 85,

22607 Hamburg, Germany

�e Allpix Squared sensor simulation framework is amodular and �exible open-

source tool for simulating pixel detectors. �e framework has the capability of

simulating the full detector chain, from energy deposited by incident particles to

signal formation and digitisation. Both single detectors and more complex se-

tups, such as testbeam telescope experiments, can be investigated in great detail.

�rough its interface to GEANT4, Allpix Squared has access to advanced physics

models and particle sources. �e framework can also import �elds and dop-

ingmaps from technology computer-aided design (TCAD) simulations, creating

a detailed simulation of individual charge carrier behaviour in the investigated

sensor models. �is yields a powerful combination of TCAD and Monte Carlo

simulations, which provides accurate high-statistics results while also account-

ing for stochastic �uctuations in the involved processes. �is method has been

used in comparing simulations with testbeam data, and �nding a good match

between results. �rough the detailed electric �eld inclusion, time-dependent

charge pulse formation can also be simulated in the framework.

Allpix Squared is currently used as part of developments of several state-of-the

art sensors, for example in the Tangerine project at DESY.�is contribution will

present the current status of the Allpix Squared framework, and give examples

of use cases.

T 40.8 Tue 18:00 T-H25
Development and characterization of a DMAPS chip in TowerJazz 180
nm technology for high radiation environments — Ivan Berdalovic
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2
CERN, Genf, Schweiz —

3
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�e increasing availability of commercial CMOS processes with high-resistivity

wafers has fueled the R&D of depleted monolithic active pixel sensors (DMAPS)

for usage in high energy physics experiments. One of these developments is a

series of monolithic pixel detectors with column-drain readout architecture and

small collection electrode facilitating low-power designs: the TJ-Monopix series.

TJ-Monopix is designed in a 180 nm TowerJazz CMOS process and features a
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pixel size of 33 um * 33 um. Due to improvements on the front-end electronics

and sensor design of the current iteration TJ-Monopix2 the radiation hardness

and e�ciency could be increased while lowering the threshold and noise. Re-

sults from laboratory measurements and test beam campaigns will be presented

to discuss the suitability of TJ-Monopix2 for use in high-radiation environments.

T 40.9 Tue 18:15 T-H25
Characterization of depleted monolithic active pixel sensors (DMAPS) de-
signed in 150nmCMOS technology— ∙Lars Schall1, JochenDingfelder1,
Christian Bespin

1
, Ivan Caicedo

1
, Tomasz Hemperek

1
, Toko Hirono

1,2
,

Fabian Hügging
1
, Hans Krüger

1
, Piotr Rymaszewski

1
, Tianyang

Wang
1,3
, andNorbertWermes

1
—

1
Physikalisches Insitut, University of Bonn

—
2
DESY, Hamburg —

3
Zhangjiang Laboratory, China

Monolithic active pixel sensors with depleted substrates are a promising option

for pixel tracker detectors in high radiation environments. �e use of a highly

resistive silicon substrate and short dri� paths enhance the radiation tolerance,

while a careful guard ring design facilitates high biasing voltages to deplete the

sensor.

LF-Monopix2 is the latest prototype of a DMAPS development in 150 nm

CMOS technology. It features a fully functional column-drain readout archi-

tecture in a 2x1 cm
2
matrix. A reduced pixel pitch of 50x150 μm2

compared to

its predecessor results in a smaller detector capacitance and an improved spatial

resolution. Each pixel’s digital electronics are integrated within the large collec-

tion electrode. Optimization of the pixel layout minimizes potential cross talk

from the digital transients into the sensor node.

LF-Monopix2 chips have successfully been thinned to a thickness of 100 μm
while their breakdown voltage remained above 350V. In this talk, the ongoing

characterization and preliminary results of the �rst test-beam campaign of these

sensors are discussed.

T 41: Calorimeters 1
Time: Tuesday 16:15–18:30 Location: T-H26

T 41.1 Tue 16:15 T-H26
Scintillator studies for the CALICE Analogue Hadronic Calorimeter and
the DUNE ND-GAr Electromagnetic Calorimeter— Andrea Brogna2, Pe-
ter Bernhard

2
, Volker Büscher

1
, Karl-Heinz Geib

1
, Asma Hadef

1
,

∙Antoine Laudrain1
, LuciaMasetti

1
, Marisol RoblesManzano

1
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1
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1
, AlfonsWeber

1
, and QuirinWeitzel

2

for the CALICE-D-Collaboration —
1
Institut für Physik, Johannes Gutenberg

Universität, Mainz —
2
PRISMA Detector Lab, Johannes Gutenberg Universität,

Mainz
�e CALICE Analogue Hadronic Calorimeter (AHCal) is designed as an imag-

ing calorimeter optimised for particle �ow algorithms. It features a high granu-

larity and timing resolution, with plastic scintillator active layers and SiPM read-

out. �e concept of Megatile is developed to ease the assembly of a large scale

detector, separating a large piece of scintillator with a glue + TiO2 mixture and

gluing a re�ective sheet on both sides instead of individually wrapping smaller

tiles in a re�ective foil for each channel.

In the DUNE ND-GAr, neutron energy is reconstructed using the time-of-

�ight information provided by the Electromagnetic Calorimeter (ECal). �e

ECal must therefore provide neutron identi�cation with high granularity and

timing, making the AHCal with Megatiles a potential design candidate. Pulse

shape discrimination is envisaged as a means to discriminate photon from neu-

tron interaction in the ECal. A setup to study the PSD performance of various

plastic scintillators with SiPM readout has been set up and �rst results will be

presented.

T 41.2 Tue 16:30 T-H26
Exploring the intrinsic Time Resolution of the SiPM-on-Tile Technology —
∙Fabian Hummer, Lorenz Emberger, and Frank Simon for the CALICE-D-
Collaboration —Max-Planck-Institut für Physik

�e SiPM-on-Tile technology, where small plastic scintillator tiles are directly

read out with SiPMs, has been developed for the CALICE Analog Hadron

Calorimeter (AHCAL), and has been adopted for parts of the hadronic section

of the CMS HGCAL. For future electron-positron colliders, a single cell time

stamping on the sub-nanosecond level for energy deposits corresponding to sin-

gle minimum-ionizing particles is desired to provide background rejection and

to support pattern recognition and energy reconstruction with particle �ow al-

gorithms. To better understand the intrinsic time resolution achievable with the

SiPM-on-Tile technology, detailed measurements have been performed in test

beams at DESY, probing di�erent scintillator tile sizes andmaterials.�e study is

complemented by lasermeasurements that provide insights into processes within

the scintillator tile relevant for timing. Geant4 simulations allow us to verify our

results and to �nd the correlations between scintillator tile size, light yield and

time resolution. In this contribution, we will discuss our measurement meth-

ods, the results of our SiPM-on-Tile timing study and the implementation and

performance in simulations.

T 41.3 Tue 16:45 T-H26
Latest Tests of CMS HGCAL Tilemodule Prototypes— ∙Malinda de Silva,

Mathias Reinecke, Katja Krüger, Ole Bach, and Felix Sefkow —

Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany

For the HL-LHC phase, the calorimeter endcap of the CMS detector will be up-

graded with a High Granularity Calorimeter (HGCAL), a sampling calorimeter

that will use silicon sensors as well as scintillator tiles read out by silicon pho-

tomultipliers (SiPMs) as active material (SiPM-on-tile). �e complete HGCAL

will be operated at −30 ∘
C.�e SiPMs will be used in areas where the expected

radiation dose during the lifetime of the detector is up to 5 × 10
13 neq/cm

2
.�e

design of the SiPM-on-tile part is inspired by the CALICE AHCAL.

�e basic detector unit in the SiPM-on-tile part is the tile module, consisting

of a PCBwith one or twoHGCROCASICs, reading out up to 96 tiles with SiPMs.

To acquire the data as well as to send the fast and slow control commands, moni-

tor temperature and voltages from the tile modules a dedicated DAQ system has

been designed and implemented.�is DAQ system was tested alongside the lat-

est generation of tile modules at the October 2021 test beam at DESY as well as

tests at −30 ∘
C were conducted using a climate chamber. Results from these tests

will be reported.

T 41.4 Tue 17:00 T-H26
Test beam results of the Megatile prototype for the CALICE AHCAL —
∙Anna Rosmanitz for the CALICE-D-Collaboration — Johannes Gutenberg-
Universität Mainz
�e CALICE collaboration is developing a highly granular Analog Hadronic

Calorimeter (AHCAL) for a future e
+
e
−
linear collider.

�e current design for the AHCAL consists of small, separately produced scin-

tillator tiles with a size of 3x3 cm
2
read out by silicon photomultipliers (SiPM).

�ey are separately wrapped in re�ective foil and glued to the boards. In total,

the AHCAL is going to consist of around 8 million tiles.

To facilitate the assembly process, a new mechanical design is currently under

development.�e new concept, called Megatile, is based on a larger scintillator

plate, in which the optical separation is obtained via trenches �lled with a glue

and TiO2mixture for re�ectivity and optical insulation.�eMegatile is enclosed

with re�ective foil, the edges are covered with varnish.

�is talk presents the performance in terms of light yield and cross talk of the lat-

est megatile prototype, based on test beam data from recent campaigns at DESY.

T 41.5 Tue 17:15 T-H26
Timing analysis of testbeam data with the KLauS6 ASIC for a Silicon Photo-
multiplier on Scintillator Tile Setup — ∙ErikWarttmann for the CALICE-
D-Collaboration — Kirchho�-Institute for Physics, Heidelberg

�e CALICE collaboration is developing highly-granular scintillator-based

calorimeters with the need of sophisticated readout solutions. For this purpose,

the KLauS ASIC has been developed. It is designed to dissipate very little power

and features precise charge measurement optimized for low-gain SiPMs, cover-

ing their full dynamic range. Additionally, the sixth iteration of the chip provides

timing information via a Phase-Locked-Loop (PLL) driven TDC with a bin size

of 200 ps.�e chip has been evaluated in a SiPM-on-Tile setup at the DESY test-

beam facility, using an arrangement of four layers of scintillating tiles air-coupled

to SiPMs. Various calibrationmeasurements have been carried out to ensure pre-

cise charge and time measurements. �e in�uence of multiple chip parameters

on timing at the singleMIP level has been investigated. To study the dependence

of timing on the deposited energy, measurements with absorbers have been car-

ried out. For the analysis of single MIP and absorber data, a stable and versatile

timewalk correction has been implemented. We present the time measurement

capabilities of KLauS6 using the SiPM-on-Tile arrangement, discuss the calibra-

tion routines and critical ASIC parameters. �e results from single MIP runs

and the absorber data regarding the time measurement are presented, which are

comparable to the intrinsic resolution of the setup.

T 41.6 Tue 17:30 T-H26
Apply Computer Vision Algorithm to High Granularity Calorimetry —
∙Julian Utehs and Stan Lai for the CALICE-D-Collaboration — II. Institute
of Physics, Georg-August-University Göttingen, Germany

In the course of the development of the new ILC detector, there is extensive re-

search towards high granularity calorimeters. �e CALICE collaboration has

developed a prototype, the Analog Hadron Calorimeter, which uses SiPM tech-
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nology to read out highly granular scintillator tiles. Test beam data provides

unprecedented opportunities to investigate particle shower reconstruction with

highly granular calorimetry.

�is talk will concentrate on the opportunities of shower shapes analysis, that

are given by the usage of well-known computer vision algorithms. �ese algo-

rithms, coming fromobject detection and industry robotics and automation, will

be applied on AHCAL calorimetry data. �eir application allows for opportu-

nities to reconstruct and resolve sub-shower activity and possibly estimate the

electromagnetic fraction of hadronic showers.�is can be input into energy re-

construction and particle identi�cation techniques, and possible improvements

for these are investigated.

T 41.7 Tue 17:45 T-H26
New shower direction reconstructing calorimeter — ∙Matei Climescu and

RainerWanke— Johannes Gutenberg Universität Mainz

�e so-called SplitCAL detector is a new design of a mixed electromagnetic-

hadronic calorimeter which provides both energy reconstruction through layers

of scintillating strips, read-out with wavelength shi�ing �bres and SiPMs, and

shower direction information through high-precision layers. �is can be used

for �xed target experiments which require high geometrical precision and di-

rectional reconstruction of photon showers.�e development needs to account

for low rates but large dynamic range.�e whole concept is presented with spe-

ci�c focus on the link of the scintillating �bres to the SiPMs and the readout.

T 41.8 Tue 18:00 T-H26
Convolutional Neural Networks for the Energy Reconstruction of AT-
LAS Liquid-Argon Calorimeter Signals — Anne-Sophie Berthold, Nick

Fritzsche, ∙Christian Gutsche, MaxMärker, Johann Christoph Voigt,

and Arno Straessner— Institut für Kern- und Teilchenphysik, TU Dresden,

Germany

In 2027, it is planned to start the High-Luminosity LHC, which will push the

possibilities of research in particle physics with ATLAS to a new level. But since

a higher trigger rate and more simultaneous collisions imply more pile-up the

readout electronics of the detector will face a new challenge. �e signal pro-

cessing of the LAr Calorimeter is currently using an optimal �lter algorithm

which will reach its limits in performance with increasing overlapping signals.

New approaches for energy-reconstruction are needed, and neural networks are

promising candidates for such a task. While it is not hard to build a neural net-

work which reconstructs energies reliably with a lot of trainable parameters, the

problem is the limited availability of resources on the FPGAs which are foreseen

for the digital signal processing.

In this talk, a possible solution for this task using convolutional neural net-

works (CNNs) will be presented. It will be shown how CNNs can be structured

and trained in such a way that they will �t to the above-mentioned requirements.

Special attention will be paid to the energy resolution for signals with a small

temporal distance, having the pile-up at the HL-LHC in mind.

T 41.9 Tue 18:15 T-H26
ATLAS Liquid Argon Calorimeter Readiness for LHCRun 3— ∙TomKresse,
Arno Straessner, and Rainer Hentges — Institut für Kern- und Teilchen-

physik, Dresden, Deutschland

Liquid argon (LAr) sampling calorimeters are employed by ATLAS for all elec-

tromagnetic calorimetry in the pseudo-rapidity region |η| < 3.2, and for hadronic
and forward calorimetry in the region from |η| = 1.5 to |η| = 4.9. A�er detector
consolidation during a long shutdown, LHC Run 2 started in 2015 and about

150fb-1 of data at a center-of-mass energy of 13 TeV was recorded. Phase-I de-

tector upgrades began a�er the end of Run 2. New trigger readout electronics

of the ATLAS LAr Calorimeter have been developed. Installation began at the

start of the LHC shutdown in 2019 and is expected to be completed in 2021. A

commissioning campaign is underway in order to realise the capabilities of the

new, higher granularity and higher precision level-1 trigger hardware in Run 3

data taking. �is contribution will give an overview of the new trigger readout

commissioning, including the �rst data taken of the recommissioned LAr sys-

tem in the October 2021 Pilot run, as well as its preparations for Run 3 detector

operation.

T 42: Detector Systems 1
Time: Tuesday 16:15–18:00 Location: T-H27

T 42.1 Tue 16:15 T-H27
R&D of Multidimensional Calorimetry for the SHiP SBT — ∙Fairhurst
Lyons for the SBT-Collaboration — ALU Freiburg

We present R&D towards a large-area detector for energy reconstruction and

limited resolution tracking, which consists of many individual cells �lled with

liquid scintillator. Each cell is equipped with two wavelength-shi�ing optical

modules (WOMs) that capture scintillation light and transfer it to silicon pho-

tomultipliers. �is design could serve as the surrounding background tagger

(SBT) of the proposed Search for Hidden Particles (SHiP) experiment, a general-

purpose detector housed at the CERN SPS accelerator to search for light, feebly

interacting particles. SHiP allows probing dark photons, dark (pseudo-)scalars,

and heavy neutrinos, as well as the investigation of light dark matter, neutrinos,

and �avour physics. �e SBT studied here surrounds the vacuum decay vessel

of SHiP to detect charged particles either entering the vacuum vessel from out-

side, or produced in inelastic interactions of muons and neutrinos in the vacuum

vessel walls. We present studies of readout electronics and simulated individual

detector cells investigating scintillator response.

T 42.2 Tue 16:30 T-H27
Studies to improve the light absorption of wavelength-shi�ing optical mod-
ules in the SHiP experiment— ∙Jakob Schmidt for the SBT-Collaboration —
Humboldt-Universität zu Berlin, Berlin, Germany

�e usage of wavelength-shi�ing optical modules (WOMs) as photon detec-

tors was �rst proposed for the IceCube large-volume extension and then also

for large-area liquid scintillator detectors as the SHiP surrounding background

tagger (SBT). A WOM is a light-guiding tube coated with a UV light-absorbing

paint that emits secondary photons in the visible spectrum. By total internal

re�ection inside the tube walls, these photons are guided to the actual photon

detector, which in this case is made of a ring array of silicon photomultipliers

that is coupled to one end of the tube.�e light detection e�ciency depends sig-

ni�cantly on the light absorption in the wavelength shi�er.�is talk will present

studies of coating methods to improve the light absorption inWOMs.�is work

is funded by the DFG.

T 42.3 Tue 16:45 T-H27
Measurements of photon exit angles ofWavelength-Shi�ingOpticalModules
used in a large-area liquid-scintillator detector— ∙Florian Rehbein for the
SBT-Collaboration — RWTH Aachen University, Aachen, Germany

�is contribution presents �rst laboratory measurements of the optical char-

acteristics and the quality of a Wavelength-Si�ing Optical Module (WOM) as

foreseen for a liquid-scintillator-based large-area detector. Measurements of the

photon exit angle distribution have been taken with a DSLR camera on a test

stand that was built speci�cally for this purpose. Further, it will be discussed how

systematic measurements and comparisons to simulations will help to examine

the properties of themodule. WOMS combine a well-designed light guide with a

wavelength-shi�ing coating, presenting a novel optical sensor for numerous ap-

plications, �rst proposed for the large-volume extension of the IceCube detector.

WOMs are also foreseen as photon detectors in the Surround Background Tag-

ger (SBT) in SHiP (Search for Hidden Particles), a proposed general-purpose

�xed target experiment at the SPS accelerator of the CERN Facility. �e SBT

acts as a discriminator against external particle interactions and is composed of

many cells utilizing liquid scintillator and tube-shaped WOMs made of PMMA

to detect traversing particles.�e coating of the WOMs absorbs the scintillation

photons and re-emits wavelength-shi�ed photons, which are then detected by

an array of SiPMs coupled to one end of the WOM. Supported by the DFG.

T 42.4 Tue 17:00 T-H27
Position-dependent detector response of a liquid scintillation detector in-
strumented with wavelength-shi�ing optical modules and SiPMs using cos-
mic muons — ∙Andrea Ernst for the SBT-Collaboration — Humboldt-

Universität zu Berlin
�e usage of wavelength-shi�ing optical modules (WOMs) as photon detec-

tors was �rst proposed for the IceCube large-volume extension and then also

for large-area liquid scintillator detectors as the SHiP surrounding background

tagger (SBT). A WOM is a light-guiding tube coated with a UV light-absorbing

paint that emits secondary photons in the visible spectrum. By total internal

re�ection inside the tube walls, these photons are guided to the actual photon

detector, which in this case is made of a ring array of silicon photomultipliers

that is coupled to one end of the tube.�is contribution shows results of studies

on the particle-position-dependent response of a prototype SBT-unit located at

HU Berlin using cosmic muons.�is work is funded by the DFG.

T 42.5 Tue 17:15 T-H27
Impact of a re�ector on the light yield of WOMs — ∙Alexander Vagts for
the SBT-Collaboration — Humboldt-Universität zu Berlin, Berlin, Deutschland

�e usage of wavelength-shi�ing optical modules (WOMs) as photon detec-

tors was �rst proposed for the IceCube large-volume extension and then also

for large-area liquid scintillator detectors as the SHiP surrounding background

tagger (SBT). A WOM is a light-guiding tube coated with a UV light-absorbing

paint that emits secondary photons in the visible spectrum. By total internal re-
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�ection inside the tube walls, these photons are guided to the actual photon de-

tector, which in this case is made of a ring array of silicon photomultipliers that

is coupled to one end of the tube.�is contribution shows results on whether a

re�ector at the other end of a WOM tube improves the light yield using cosmic

muons traversing a liquid-scintillator detector prototype. �is work is funded

by the DFG.

T 42.6 Tue 17:30 T-H27
Tracking of charged particles using an FE-I4B pixel telescope and mov-
ing emulsion �lms — ∙Nikolaus Owtscharenko

1
, Vadim Kostyukhin

1
,

Christopher Betancourt
2
, Fabian Hügging

3
, David-Leon Pohl

3
, An-

tonia Di Crescenzo
4
, Antonio Iuliano

4
, and Markus Cristinziani

1
—

1
Center for Particle Physics Siegen, Experimentelle Teilchenphysik, Universität

Siegen —
2
Universität Zürich —

3
Physikalisches Institut, Universität Bonn —

4
Sezione INFN di Napoli

�e SHiP collaboration proposes a general purpose �xed-target experiment to

search for hidden particles at the new beam-dump facility at CERN SPS. To es-

timate the charm production cross section in the experiment, which includes

hadronic cascade production, several dedicated measurements have been pro-

posed. A �rst run was performed in summer 2018. Protons from SPS interacted

with a thick multilayer target, interleaved with tracking emulsion �lms. While

the emulsion detector o�ered high spatial resolution, it did not provide timing

information. For full event reconstruction a 6-plane telescope made of ATLAS

IBL double-chip modules was assembled and placed downstream of the target

to provide a high timing resolution. An occupancy limit on the emulsion �lms

made a movement of the target during and in between spills necessary. Recon-

struction of tracks and vertices in the pixel detector as well as matching of track

and vertex candidates reconstructed in the moving emulsion detectors are pre-

sented.

T 42.7 Tue 17:45 T-H27
�e SHiP Surrounding Background Tagger — ∙Annika Hollnagel for the
SBT-Collaboration — JGU Mainz

Within the CERN Physics Beyond Colliders (PBC) initiative, the SHiP �xed-

target experiment is a frontrunner proposal for the SPS Beam-Dump Facility

(BDF). Making use of the high-intensity SPS beam with 4× 10
19
protons on tar-

get per year, the experiment will combine the Search for Hidden Particles (SHiP)

of masses up to 200MeV/c2 - such as Heavy Neutral Leptons (HNL) and Light
Dark Matter (LDM) - with studies of tau neutrino physics.

�e Hidden Sector Decay Spectrometer (HSDS) of the SHiP detector consists

of a large evacuated volume followed by a magnetic spectrometer and particle

identi�cation system. To enable a background-free study of the decays of feebly-

interacting particles, the reduction of beam-induced background heavily relies

on the Surrounding Background Tagger (SBT) that envelops the 50m-long decay

vessel. �e current baseline for the SBT is a segmented Liquid Scintillator (LS)

detector of LAB and PPO that is instrumented withWavelength-shi�ing Optical

Modules (WOM) and read out via SiPMs.

Since 2017, several test beam exposures of prototype detector cells have been

conducted, supported by laboratory measurements and simulations. �is talk

will give a general overview on the SBT, summarise the state of the ongoing R&D,

and present our plans for the next period of test beam measurements.

T 43: DAQ and Trigger 2
Time: Tuesday 16:15–18:15 Location: T-H28

T 43.1 Tue 16:15 T-H28
Calibration and Trigger Studies for the OSIRIS pre-detector of JUNO —
∙Runxuan Liu1,2

, Philipp Kampmann
3
, Kai Loo

4
, Livia Ludhova

1,2,3
,

AlexandreGöttel
1,2
, NikhilMohan

3,2
, Luca Pelicci

1,2
, MariamRifai

1,2
,

Apeksha Singhal
1,2
, and Cornelius Vollbrecht

1,2
—

1
Forschungszentrum

Jülich GmbH, Nuclear Physics Institute IKP-2, Jülich, Germany —
2
III.

Physikalisches Institut B, RWTHAachen University, Aachen—
3
GSI Helmholtz

Centre forHeavy Ion Research, Darmstadt, Germany—
4
Institute of Physics and

EC PRISMA
+
, Johannes Gutenberg Universität Mainz, Mainz

JUNO is a 20 kt liquid scintillator detector under construction in Jiangmen,

China, which is expected to start data-taking in 2023. Its main goal is to de-

termine the neutrino mass hierarchy with the measurement of reactor neutrinos

from two adjacent nuclear power plants. �is requires stringent limits on the

radiopurity of the detector.�e OSIRIS pre-detector is designed to monitor the

liquid scintillator during the several months of �lling the large volume of JUNO.

OSIRIS will contain 18 ton of scintillator and will be equipped with 76 20-inch

PMTs. OSIRIS will utilize two calibration systems: a laser �ber system and an

insertion system for an LED or radioactive sources.�e data acquisition system

will have no global hardware trigger: instead, each PMT will provide a data-

stream composed of the digitized PMT pulses, each containing a time stamp.

Based on the latter, dedicated event builder so�ware will organize these data

streams into events. �is talk will discuss the several trigger modes that are re-

alized in the event builder so�ware, a coincidence trigger and the calibration

trigger.

T 43.2 Tue 16:30 T-H28
�e MDT Trigger Processor for the ATLAS HL-LHC Upgrade — ∙Davide
Cieri, Markus Fras, Oliver Kortner, and Sandra Kortner — Max-

Planck-Institut für Physik, Munich, Germany

�e novel MDT Trigger Processor (MDTTP) system is a fundamental part of the

upgrade of the �rst-level (L0) muon trigger of the ATLAS experiment at the HL-

LHC.�e new system will be responsible for improving the muon momentum

resolution and thus re�ning themuon selectivity, using for the �rst time at L0 the

precision tracking information from Monitored Dri� Tube (MDT) chambers in

addition to the trigger chamber information. �e system will also transmit the

MDT hit data to the data acquisition (DAQ) system in the event of a trigger ac-

cept. A total of 64MDTTP boards will be installed in ATLAS, one for eachMDT

trigger sector.�e design of the MDTTP is highly challenging, requiring a high

number of optical links and high-performance processing units.

We present here the recently designed prototype of the MDTTP.�e proto-

type adopts a ATCA design, composed by two modules: the Service Module

responsible for the powering and the infrastructure; and the Command Mod-

ule, performing the trigger and DAQ processing and communicating with the

other components of the ATLAS muon trigger.�e Command Module mounts

a state-of-the-art Xilinx Virtex Ultrascale+ FPGA, and employs ten 12-channel

bidirectional optical transceiver modules with a link speed of up to 14 Gbps.

T 43.3 Tue 16:45 T-H28
�eATLASGlobal Event Processor and the jet energy determinationperspec-
tives at level-0 trigger in Run-4— ∙FernadoDel Rio—Kirchho� Institut für
Physik, Universität Heidelberg

Run 4 of the LHC, scheduled to take place between 2028 and 2032, is planned

to deliver never-before-seen conditions for high energy physics measurements,

including a center of mass energy of 14 TeV and an average number of inter-

actions per crossing of 200. Under these challenging conditions the triggering

algorithms and their performance becomes more important than ever.

Amongst the changes that will be implemented in ATLAS for this Run we

highlight the construction and installation of the Global Event Processor (GEP),

a single board with the whole detector information made for triggering at 40

MHz with o�ine-like algorithms for the reconstruction of all objects, such as

electrons, photons, muons and jets. In the particular case of jet reconstruction,

access to layer information allows for state-of-the-art calibration techniques to

be applied at the trigger level. �is talk will discuss the potential of having a

level 1 version of the Global Sequential Calibration, a part of the jet calibration

sequence tailored for improving the resolution in the measurement of jet energy.

�is improvement in resolution naturally yields a better trigger e�ciency and a

higher sensitivity to dijet mass resonances, allowing ATLAS to fully exploit the

large statistics given by Run4.

T 43.4 Tue 17:00 T-H28
Trigger optimization studies in the search for displaced heavy neutral leptons
with the ATLAS detector.— ∙Julius Ehrsam, Heiko Lacker, and Christian
Appelt—Humboldt University, Berlin, Germany

Adding heavy neutral leptons (HNLs) with masses below the electroweak scale

to the SM Lagrangian can help explain observed Beyond-Standard-Model phe-

nomena such as neutrino oscillations, matter-antimatter asymmetry, and dark

matter. We study a new trigger option for the ATLAS experiment designed ex-

plicitly for the search for HNLs produced in events pp →W+X,W → ℓ+HNL,
with HNL→ μ+μ−í, resulting in a prompt lepton and a displaced vertex due to
the expected longHNL lifetime.�e proposed trigger uses amuon as the prompt

lepton and the angular separation between the two muons from the HNL decay.

T 43.5 Tue 17:15 T-H28
Optimizing theATLASb-jet Trigger for the LHCRun3— ∙VictorH. Ruelas
Rivera—Humboldt-Universität zu Berlin, Berlin, Germany

�e Higgs potential provides a way to experimentally probe and understand

the underlying principles of mass generation and electroweak symmetry break-

ing.�e shape of the Higgs potential is proportional to the Higgs self-coupling,

λHHH , which can be probed at the LHC via proton-proton collisions (pp →
HH). Di-Higgs to 2 pairs of quarks (HH → bb̄bb̄) is one of the most sensitive
decay channels and it relies heavily on b-jet triggers. Triggers select informa-

tion in real-time from the collisions and help mitigate ATLAS data acquisition

getting overwhelmed by QCD jets. However, HH → bb̄bb̄ is di�cult to trig-
ger due to the so� signal kinematics and high thresholds of hadronic triggers.
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Hence, more signal can be gained in Run 3 with better b-jet triggers. One of

the goals of Run 3 is to improve the HH → bb̄bb̄ triggers to enhance signal
acceptance of SM and Beyond Standard Model (BSM) scenarios. �e taggers

that will be used for the b-jet trigger in Run 3 exploit multivariate analysis tech-

niques, mainly Deep Neural Networks. �is talk presents the optimization of

the neural-network based �avour tagging discriminant used by the b-jet trigger.

�e algorithm is optimized on tracks, jets and vertices reconstructed by the High

Level Trigger (HLT) so�ware. �e training so�ware, network architecture and

simulated events are being shared with the ATLAS o�ine b-tagging group to

address redundancies and combine e�orts towards a uni�ed training framework

for quick model re-optimization.

T 43.6 Tue 17:30 T-H28
Development of the Topological Trigger for LHCb Run 3 — Johannes

Albrecht
1
, Gregory Max Ciezarek

2
, Niklas Nolte

3
, Miroslav Saur

1
,

and ∙Nicole Schulte1 — 1
TU Dortmund University, Department of Physics

—
2
CERN—

3
MIT

In Run 3, the LHCb experiment will undergo a signi�cant upgrade including the

conversion to a so�ware-only trigger system. �is means the trigger so�ware

will have to e�ciently process a substantially higher amount of data compared

to previous years.�e largest trigger algorithm for beauty physics in LHCb so�-

ware is the Topological Trigger, which produces output used for most analyses.

It is an inclusive trigger, aiming to select beauty decays based on topological and

kinematic properties. Due to its inclusive nature, it can select candidates and

trajectories from decays that might not have been discovered yet.

Two contributions to the Topological Trigger are shown.�e �rst contribution

will serve as a baseline for the collaboration and is based on a boosted decision

tree algorithm. �is approach has proven to be e�cient in former years of data

taking but has been optimized and remodeled for simulation of LHCb’s upgrade.

One of the major changes for the upgrade is the rise in the number of primary

vertices during the interaction. Since primary vertex information is crucial for

the Topological Trigger, the algorithm needs to be optimized to the conditions

in the upgrade.�e second contribution will explore a more experimental tech-

nique using a newly developed neural network architecture providing a robust

model for the selection. Finally, both performances are compared.

T 43.7 Tue 17:45 T-H28
Study of potential lifetime bias in the LHCb reconstruction so�ware for Run
3 — ∙Paula Herrero Gascón and Peilian Li — University of Heidelberg,

Physikalisches Institut Heidelberg, Germany

�e upgraded LHCb experiment will restart data taking in spring 2022 at an

instantaneous luminosity of up to 2 × 10
33
cm

−2
s
−1
. To e�ectively select the

interesting b and charm hadron events at these high rates a full so�ware trig-

ger system is required. �e entire reconstruction framework and its algorithms

have been reimplemented and optimized. To be well-prepared for the coming

data taken, it is essential to validate the physics performance for this completely

new system.�e precise reconstruction of the decay-time of b hadrons is vital for

many time-dependent physics measurements at LHCb. �is talk will focus on

a performance study of the decay-time reconstruction for Run 3 and investigate

potential reconstruction-induced biases.

T 43.8 Tue 18:00 T-H28
Performance of Belle II’s Level 1 Single Track Trigger — ∙Felix
Meggendorfer

1,3
, Christian Kiesling

1,4
, Elia Schmidt

1,4
, Kai Lukas

Unger
2
, Steffen Bähr
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, Alois Knoll
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Belle II is the world record holder for the highest instantaneous luminosity, and

the machine is still more than a factor 20 away of what it is capable of. �ese

high collision rates make it mandatory to have an e�cient trigger system. �e

Neurotrigger is a level 1 track trigger using the central dri� chamber in the Belle

II experiment. It estimates the z vertex and the polar angle θ of the tracks. To
suppress the dominating background of events coming from outside of the in-

teraction point, a cut on the track vertices along the beam axis is combined wit a

momentum cut.�is trigger, the ’STT’, operates without a prescale and outper-

forms all other track triggers in Belle II. It is the �rst of its kind in high energy

physics and most important for events with low charged multiplicity, such as tau

pair production and candidates for dark matter searches.

T 44: Experimental Methods (general) 2
Time: Tuesday 16:15–17:45 Location: T-H29

T 44.1 Tue 16:15 T-H29
Particle identi�cation with fast timing detectors at future Higgs factories
— ∙Bohdan Dudar1,2, Jenny List1, and Ulrich Einhaus1 — 1

Deutsches

Elektronen-Synchrotron DESY, Hamburg, Germany —
2
Universität Hamburg,

Hamburg, Germany

Future e+e− Higgs factory collider projects are designed for precision measure-
ments of the Higgs boson and of electroweak observables, thereby utilizing every

event to their full potential. �e identi�cation of the pions, kaons and protons

plays a key role for precision measurements and event reconstruction, especially

for the �avour tagging. To improve the identi�cation of charged hadrons at low

momentumwe can use the time-of-�ightmethod. It relies on current silicon sen-

sor technologies with extremely good time resolution of 10 - 30 ps. �is allows

to measure the time-of-�ight of particles and reconstruct their mass providing

additional tool for identi�cation of π±
, K±

and p.
We study possible realistic implementation scenarios and potential physics ap-

plications of the fast timing silicon sensors into the futureHiggs factory detectors

using as an example the International Large Detector (ILD) at the International

Linear Collider (ILC).

T 44.2 Tue 16:30 T-H29
Charged Kaon Mass Measurement via Time-of-Flight at a Future Higgs Fac-
tory— ∙Ulrich Einhaus1, BohdanDudar1,2, and Jenny List1— 1

Deutsches

Elektronen-Sychrotron DESY, Notkestraße 85, 22607 Hamburg —
2
Universität

Hamburg, Germany

�e proposed future e+e− Higgs factories will allow to study not only the Higgs
boson but the entire electroweak sector to an unprecendented precision. In or-

der to utilise each event as well as possible, particle identi�cation (PID) can be

a powerful tool, which has been studied with increasing interest in recent years.

�e development of picosecond-timing detectors has been driven by the demand

of background suppression at the LHC, but they can also be used for an e�ec-

tive time-of-�ight (TOF)measurement to distinguish di�erent charged hadrons.

In addition to �avour physics applications, TOF can also be used to perform a

competitive measurement of the charged kaonmass.�is value is among the less

precisely known ones and the two leading contributions from the early 1990s are

at tension by more than 5σ with each other. �e kaon mass value, however, is
input to precision tracking and decay chain reconstruction, and can also be used

to test theory predictions, e.g. from lattice QCD.�is presentation discusses the

prospects of a measurement of the charged kaon mass at future Higgs factories

based on the full detector simulation of the International Large Detector (ILD)

concept. �is is the �rst analysis to make use of the recent implementation of

TOF in a full-detector simulation for a future Higgs factory. It shows that such

a measurement is feasible, but also highlights requirements and open questions.

T 44.3 Tue 16:45 T-H29
Identi�cation of leptons inside jets at future Higgs factories — ∙Leonhard
Reichenbach
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, Yasser Radkhorrami
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burg —
2
Universität Hamburg

One goal of a future Higgs factory is the precise measurement of the 125 GeV

Higgs boson properties. As the Higgs boson predominantly decays to bb̄, the
precise reconstruction of heavy �avor jets is crucial. A source of uncertainty for

these jets is missing momentum from semi-leptonic decays b → ℓíX. Recent
work has shown the possibility of correcting this missing neutrino momentum.

For this, the charged lepton from the decay needs to be successfully detected and

reconstructed. While particle �ow detector concepts with their high granularity

o�er ideal conditions to identify leptons inside jets, the excellent hardware needs

to be matched with corresponding reconstruction algorithms. In this work, we

use the detailed simulation of the ILD detector concept to investigate how to

exploit the information provided by a particle �ow detector to identify single

electrons and muons in a dense environment and how this improves the recon-

struction of H → bb̄ decays.

T 44.4 Tue 17:00 T-H29
Detection of Spectra in the Strong-Field QED Regime with LUXE — ∙John
Hallford

1,2
and Matthew Wing

1,2
—

1
University College London —

2
Deutsches Elektronen Synchrotron

Conventional QED’s validity breaks down in the presence of an external strong

electric �eld. LUXE (LASER Und XFEL Experiment), in Hamburg, intends to

collide a high-intensity LASER pulse with highly boosted electrons and pho-

tons, up to 17.5 GeV from the EuXFEL, creating assisted electric �elds up to and

greater than the Schwinger limit.

�is enables a non-negligible probability of non-linear Compton Scattering

and Breit-Wheeler interactions - which represents a spontaneous boiling of the

vacuum. �e rates and kinematics of these interactions will be measured. De-

tection challenges include low-�ux positron detection and tracking in a high-
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radiation environment, GeV-photon spectrometry, and high-�ux, high-energy

electron energy distribution reconstructions for a variety of spectrum shapes

and dynamic ranges.

One of two detection solutions employed for the electron detection is a thin

screen of a scintillating material, imaged remotely by optical cameras, and using

magnetic de�ection to reconstruct with respect to energy. �e reconstruction

methods and expected results for this detector and its consequences for LUXE

are discussed.

T 44.5 Tue 17:15 T-H29
Simulation Studies for the Polarimetry of a LPA Electron Beam— ∙Jennifer
Popp
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Polarized particle beams are a key instrument for the investigation of spin-

dependent processes and Laser PlasmaAcceleration (LPA) has become a promis-

ing alternative to conventional RF accelerators. However, so far, it has only been

theoretically shown that polarized LPA beams are possible.

�e LEAP (Laser Electron Acceleration with Polarization) project at DESY

aims to demonstrate this experimentally for the �rst time, using a prepolarized

plasma target.

Because it is best suited for the expected energy range, the electron polariza-

tion will be measured with photon transmission polarimetry. It makes use of

the production of circularly polarized Bremsstrahlung during the passage of the

electrons through a suitable target. �e photon polarization is then measured

with the aid of the transmission asymmetry related to the magnetization direc-

tion of an iron absorber.

In this contribution an overview of the LEAP project will be given and a de-

sign for the polarimeter, simulation studies, and requirements on beam and po-

larimeter parameters for reliable polarization measurements will be presented.

T 44.6 Tue 17:30 T-H29
Calorimeter R&D for LPA Polarimetry— ∙Felix Stehr1,2, Simon Bohlen1

,

Oleksandr Borysov
1
, Maryna Borysova

3,1
, Jennifer Popp
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, Jenny List

1
,

Gudrid Moortgat-Pick
2,1
, Jens Osterhoff

1
, and Kristjan Põder

1
—

1
Deutsches Electronen-Synchrotron DESY, Hamburg —

2
University of Ham-

burg —
3
Institute for Nuclear Research NASU, Kyiv

�e LEAP (Laser Electron Acceleration with Polarization) project at DESY aims

to demonstrate the generation of polarized electron beams with a Laser-Plasma-

Accelerator (LPA). Due to the expected beam energy of about 50MeV, photon

transmission polarimetry will be used to determine the achieved degree of po-

larization.

�e key observable is an energy asymmetry of photons passing through amag-

netized iron absorber. �e total transmitted photon energy will be in the order

of tens of TeV, which needs to be measured with percent-level accuracy in order

to reliably detect asymmetries of a few ten percent. �is contribution will dis-

cuss the detector requirements derived from detailed Geant4-simulations of the

polarimeter and compare them to a �rst test of a calorimeter prototype operated

in the LPA beam.

T 45: Gamma Astronomy 2
Time: Tuesday 16:15–18:15 Location: T-H30

T 45.1 Tue 16:15 T-H30
�eCrab pulsarwindnebula in high-energy gamma-rays and its �aring emis-
sion — ∙Michelle Tsirou

1
, Brian Reville

1
, Emma de Oña-Wilhelmi

2
,

Gwenaël Giacinti
1
, and John Kirk

1
—

1
MPIK, Heidelberg, Germany —

2
DESY, Berlin-Zeuthen, Germany

�e Crab nebula system is one of the brightest gamma-ray sources in the Milky

Way, extensively observed across the electromagnetic spectrum. Recent stud-

ies purport intermittent �aring events deviating from the continuous �ux asso-

ciated with its synchrotron spectrum below a few hundreds of MeV, straining

the theoretical synchrotron burn-o� limit in these energy ranges. By analysing

available Fermi-LAT data across a thirteen-year-long monitoring, we study the

energy-dependence of its �aring behaviour in a few hundred MeV up to a few

GeV energy ranges. We explore acceleration mechanisms prone to explain the

variability of the observed emission and discuss its implication on our current

understanding of this extreme system.

T 45.2 Tue 16:30 T-H30
Machine learningmethods for constructingprobabilistic Fermi-LATcatalogs
— ∙Aakash Bhat1 and DmitryMalyshev

2
—

1
Dr. Karl-Remeis Strernwarte,

Bamberg —
2
ECAP Erlangen

Classi�cation of sources is one of themost important tasks in astronomy. Sources

detected in one wavelength band, for example using gamma rays, may have sev-

eral possible associations in other wavebands or theremay be no plausible associ-

ation candidates. In this work, we aim to determine probabilistic classi�cation of

unassociated sources in the third and the fourth data release 2 Fermi Large Area

Telescope (LAT) point source catalogs (3FGL and 4FGL-DR2) into two classes

(pulsars and active galactic nuclei (AGNs)) or three classes (pulsars, AGNs, and

other sources). We use several machine learning (ML) methods to determine

probabilistic classi�cation of Fermi-LAT sources. We evaluate the dependence

of results on meta-parameters of the ML methods, such as the maximal depth

of the trees in tree-based classi�cation methods and the number of neurons in

neural networks. We determine probabilistic classi�cation of both associated

and unassociated sources in 3FGL and 4FGL-DR2 catalogs. We cross-check the

accuracy by comparing the predicted classes of unassociated sources in 3FGL

that have associations in 4FGL-DR2. We �nd that in the 2-class case it is impor-

tant to correct for the presence of other sources among the unassociated ones in

order to realistically estimate the number of pulsars and AGNs.

T 45.3 Tue 16:45 T-H30
Classi�cation of Fermi-LAT blazars with Bayesian neural networks— Anja
Butter

1
, ∙Thorben Finke2, Felicitas Keil2, Michael Krämer

2
, and Sil-

via Manconi
2
—

1
Institut für �eoretische Physik, Universität Heidelberg,

Germany —
2
Institute for�eoretical Particle Physics and Cosmology, RWTH

Aachen University, Germany

We apply Bayesian neural networks on the classi�cation of γ-ray sources
within the Fermi-LAT catalog. We focus on blazar candidates and their sub-

classi�cation into BL Lacertae and Flat Spectrum Radio Quasars. We explore

the correspondence between conventional dense and Bayesian neural networks

and the e�ect of data augmentation. We �nd that Bayesian neural networks pro-

vide a robust classi�er with reliable uncertainty estimates and are particularly

well suited for classi�cation problems that are based on comparatively small and

imbalanced data sets.�e results of our blazar candidate classi�cation are valu-

able input for population studies aimed at constraining the blazar luminosity

function and to guide future observational campaigns.

T 45.4 Tue 17:00 T-H30
Analysis of the high energy γ-ray emission fromHESS J1813-178withH.E.S.S
andFermi-LATdata— ∙TinaWach, Vikas Joshi, AlisonMitchell, and Ste-

fan Funk— Erlangen Center for Astroparticle Physics

HESS J1813-178 is one of the brightest and most compact objects detected by

the HESS Galactic Plane Survey. Within the extent of the TeV emission lies a

young Supernova Remnant G12.8-0.02 and a pulsar wind nebula driven by a

pulsar with the second highest spin-down luminosity of known pulsars in the

Galaxy PSR J1813-1749. �e origin of the TeV emission is still not clear. Be-

cause of the young age of the system, the pulsar wind nebula and the Supernova

Remnant overlap and present a good opportunity to examine how the interac-

tions between these two components in�uence the acceleration of particles in

the system. In previous analyses, a discrepancy in extension has been observed

between a point-like component seen in TeV γ-rays measured by H.E.S.S and a
extended component in GeV γ-ray observations from the Fermi-LAT satellite.
We used 3 dimensional map-based analysis with gammapy to do a morpholog-

ical and spectral analysis of this region in GeV and TeV energy ranges, as well

as a joint-analysis of both datasets. We �nd a new signi�cant extended emis-

sion component in the TeV energy range, with a morphology close to the GeV

energy range. While the question of the origin of the very high γ-ray emission
fromHESS J1813-178 could not be answered yet, our analysis allows a consistent

description and a smooth energy spectrum of the region across �ve decades of

energy.

T 45.5 Tue 17:15 T-H30
Science veri�cation and highlights of the new FlashCam-based camera in the
28m telescope ofH.E.S.S.— ∙Simon Steinmassl for theH.E.S.S.-Collaboration
—Max Planck Institut für Kernphysik, Heidelberg, Germany

In October 2019, the 28m telescope in the centre of the H.E.S.S. array was up-

graded with a new camera.�e camera itself is a prototype based on the Flash-

Cam design, which was originally developed for the Cherenkov Telescope Array

(CTA). We report here the results of the validation and science veri�cation pro-

gramme that has been performed a�er the commissioning period. From that,

we conclude that the camera, analysis and simulation pipelines are working up

to expectations. Finally, we discuss some highlights of the scienti�c results ob-

tained during the �rst two years of science operation with the new camera, as

well as possible future science cases.
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T 45.6 Tue 17:30 T-H30
Lake Deployment of SouthernWide-�eld Gamma-ray Observatory Detector
Units— ∙Hazal Goksu for the SWGO-Collaboration — Max-Planck-Institut
für Kernphysik, Heidelberg, Germany

�is contribution is about the lake concept, one of the possible detector designs

for Southern Wide-�eld Gamma-ray Observatory (SWGO). SWGO will be a

next-generation high altitude gamma-ray survey observatory in the southern

hemisphere consisting of an array of water cherenkov detectors. With its en-

ergy range, wide �eld of view, large duty cycle, and location it will complement

the other existing and planned gamma-ray observatories.�e lake concept is an

alternative to the HAWC-like separate detector unit design, and the LHAASO-

style arti�cial ponds. Instead of having tanks �lled with water, bladders �lled

with clean water are deployed near the surface of a natural lake, where each blad-

der is a light-tight stand-alone unit containing one or more photosensors. We

will give an overview of the advantages and challenges of this design concept and

describe the �rst results obtained from prototyping.

T 45.7 Tue 17:45 T-H30
Status and �rst results from TAIGA — ∙Michael Blank and Martin

Tluczykont— Institut für Experimentalphysik, Universität Hamburg

TAIGA has implemented a new, unique observation technique, based on a com-

bination of the imaging air Cherenkov telescope (IACT) technique, and the

HiSCORE timing array concept. TAIGA aims to further explore the celestial

gamma-ray sources at energies of a few 10s of TeV to several 100 TeV.�is en-

ergy range is particularly important to spectrally resolve the cuto� regime of

the galactic Pevatrons, the cosmic-ray accelerators to PeV energies. TAIGA cur-

rently consists of an array of 121wide angle (0.6 sr) air Cherenkov timing stations

distributed over an area of about 1 km
2
and two IACTs with a diameter of 4.75m

and a �eld of view of 9.7
∘
. A third IACT will be completed during this year.

In this presentation, the current status of the experiment and the analysis is

discussed and the detection of the Crab Nebula with data of previous seasons,

with a smaller size array and only with the �rst IACT in operation, is shown.

T 45.8 Tue 18:00 T-H30
COMCUBE: Exploring the violent Universe with CubeSat Technology —
∙Jan Lommler for the COMCUBE-Collaboration — Johannes Gutenberg-

Universität Mainz
Gamma Ray Bursts are a window into some of the most energetic processes in

the Universe. Due to the energy range of the emitted electro-magnetic radiation,

measurements have to be performed in space by a network of either dedicated

observatories like SWIFT and POLAR or secondary detectorsmounted on larger

observatories like FermiGBM.Most detectors only allow themeasurement of the

burst’s energy-spectrum and time evolution, missing out on polarization of the

incident photons. Using Compton scattering as main detection channel, Cube-

sats o�er the opportunity to setup a network of small-scale dedicated detectors

at relatively low cost that are able to pinpoint GRBs, measure their spectra and

temporal evolution while obtaining polarization information. In this talk, we

want to present the detector concept of COMCUBE, performance estimates and

the status of the balloon prototype.

T 46: Neutrino Astronomy 2
Time: Tuesday 16:15–18:30 Location: T-H31

T 46.1 Tue 16:15 T-H31
Search for the Galactic Di�use Neutrino Flux with IceCube — ∙Jonas
Hellrung

1
, Jakob Böttcher

1
, Philipp Fürst

1
, Erik Ganster

1
, Philipp

Mertsch
2
, Georg Schwefer

1
, Roman Suveyzdis

1
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Wiebusch
1
for the IceCube-Collaboration —

1
III. Physikalisches Institut B,

RWTHAachenUniversity—
2
Institut für�eoretische Teilchenphysik undKos-

mologie, RWTH Aachen University

A di�use �ux of high-energy astrophysical neutrinos has been detected with the

IceCube Neutrino Observatory. �is �ux is dominated by neutrinos of extra-

galactic origin. However, a fraction of these neutrinos is expected to originate

from cosmic rays interacting with the interstellar medium in our Galaxy. �is

�ux has not beenmeasured yet, but a detection could bewithin reach of IceCube’s

sensitivity. �e signature of this �ux with respect to the isotropic extragalactic

�ux is its close correlation with the galactic plane. �e detection would con-

tribute to the understanding of propagation and sources of galactic cosmic rays

of typically PeV energies. In this talk the principle of an analysis using neutrino-

induced through-going muons is presented and its sensitivity is discussed.

T 46.2 Tue 16:30 T-H31
�e energy spectrum of the di�use neutrino �ux in a combined �t using
10 years of IceCube data — ∙Richard Naab1, Erik Ganster2, Markus

Ackermann
1
, and ChristopherWiebusch

2
for the IceCube-Collaboration—

1
DESY, Zeuthen, Germany—

2
Physics Institute III B, RWTHAachenUniversity,

Germany

�e IceCube Neutrino Observatory has discovered a di�use astrophysical neu-

trino �ux andmeasures the energy spectrum and �avor composition in di�erent

detection channels. With almost 10 years of data, we aim to combine di�erent de-

tection channels to constrain this energy spectrum and �avor composition with

unprecedented precision. �e increased statistics require rigorous treatment of

systematic uncertainties, which we aim to achieve with the so-called SnowStorm

method, recently developed within the IceCube collaboration. �is technique

involves a continuous variation of systematics parameters during the detector

simulation and requires a dedicated analysis approach.

In this work, we present the validation of this method for the purpose of mea-

suring the energy spectrum, using two distinct analysis approaches. Further-

more, we discuss the sensitivity of an upcoming analysis combining the detection

channels of tracks and cascades.

T 46.3 Tue 16:45 T-H31
Impact of the Binning in the Likelihood-Analysis of the Di�use Neu-
trino Flux in IceCube — ∙Roman Suveyzdis, Jakob Böttcher, Philipp
Fürst, ErikGanster, JonasHellrung, and ChristopherWiebusch for the

IceCube-Collaboration — RWTH Aachen University, Aachen, Germany

�e IceCube Neutrino Observatory is measuring a di�use �ux of astrophysi-

cal high-energy muon-neutrinos. For this measurement, events are binned in

energy and zenith direction, and a �ux model can be �tted to the resulting dis-

tributions with a likelihood. �e current analysis is based on a binning scheme

with equidistant bins in logarithmic energy and cosine zenith. Such a binning

is suboptimal, because particularly for high energies, the event statistics in the

experimental data as well as in the Monte-Carle prediction is low, leading to

inherent uncertainties. Here, we explore the e�ects of non-equidistant and gen-

eralized binnings, and investigate how these binnings can improve the analysis.

T 46.4 Tue 17:00 T-H31
Studying the Energy Dependent Cosmic Ray Moon and Sun Shadow with
IceCube Data. — ∙Johan Wulff and Julia Becker Tjus for the IceCube-

Collaboration — Institute for theoretical physics IV, Ruhr-University Bochum,

Germany

While the Cosmic Ray Moon shadow can be utilised to verify the pointing of

detectors such as IceCube, the Sun shadow has proven to be a successful tool for

the assessment of solar magnetic �eld models.

In a previous publication (Aartsen et al, Phys. Rev. D), the relationship be-

tween the solar activity and the strength of the Cosmic Ray Sun shadow was in-

vestigated by comparing seven years of IceCube data with the solar cycle and so-

larmagnetic �eldmodels. Bymodelling the propagation of Cosmic Rays through

the solar magnetic �eld, two models of the coronal magnetic �eld were tested by

comparing the observed shadow to the predicted one.

For this analysis, an energy reconstruction of Cosmic Ray induced muon

events was introduced, allowing for an investigation of the energy dependence

of both shadows. Furthermore, magnetic �eld e�ects of the Sun shadow can

be investigated at di�erent energies and an energy- dependent pointing can be

studied with the Cosmic Ray Moon shadow. In this talk, the performance of the

machine-learning based energy reconstruction with respect to the IceCube Cos-

mic Ray Sun and Moon shadow dataset, as well as the extension of the Cosmic

Ray Sun shadow analysis up to the minimum of the 24th Solar cycle will be dis-

cussed.�is project is funded via BMBF Verbundforschung, Project 05A20PC2.

T 46.5 Tue 17:15 T-H31
Seasonal Variations of the Atmospheric Neutrino Flux determined from 10
years of IceCube Data with DSEA+ — ∙Karolin Hymon and Tim Ruhe for
the IceCube-Collaboration — Astroparticle Physics WG Rhode, TU Dortmund

University, Germany

�e IceCube Neutrino Observatory is a cubic-kilometer detector array at the

South Pole. Beyond the detection of astrophysical neutrinos, the detector mea-

sures atmospheric neutrinos at a high rate. �ese atmospheric neutrinos orig-

inate from cosmic ray interactions in the upper atmosphere, mainly from the

decay of pions and kaons. �e rate of the measured neutrinos, however, is af-

fected by seasonal temperature variations in the Stratosphere, and the variations

are expected to increase with the particle’s energy. �e Dortmund Spectrum

Estimation Algorithm (DSEA+) is a novel approach to spectrum unfolding.�e

ill-posed problem is transferred to amultinomial classi�cation task, in which the

energy distribution is estimated from measured quantities by machine learning

algorithms. In this talk, the analysis approach to measure the spectral depen-

dence of the seasonal neutrino �ux will be presented. Seasonal neutrino energy
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spectra are determined by DSEA+, utilizing 10 years of IceCube’s atmospheric

muon neutrino data. �e di�erences of the unfolded seasonal spectra will be

compared to the unfolded annual mean �ux.

T 46.6 Tue 17:30 T-H31
NN-based parametrization of muon de�ections simulated by PROPOSAL
— ∙Pascal Gutjahr and Mirco Hünnefeld — As- troparticle Physics WG

Rhode, TU Dortmund University, Germany

Neutrinos are fundamental particles that are nearly massless and not charged.

�is allows them to traverse the universe along a straight line without de�ec-

tion. It makes them an excellent candidate for the search of astrophysical neu-

trino sources. �is is achieved using detec- tors such as the IceCube Neutrino

Observatory, which is located at the geographic South Pole. In the ice at a depth

of 1450m, Cherenkov radiation from the secondary particles of neutrino inter-

actions is mea- sured. Reconstruction of the daughter particles can then be used

to infer the direction of the original neutrino. Due to the high energies in the

GeV to PeV range, the de�ection of the particles due to stochas- tic energy losses

and multiple scattering is assumed to be negligible compared to the directional

resolution of IceCube. �is assumption may begins to be inaccurate as resolu-

tion increases and low energy muons are studied especially with respect to the

IceCube upgrade. A study with the lepton propagator PROPOSAL is done to

present ex- pected de�ections of muons for di�erent energy ranges.�e result is

parametrized by a neural network.

T 46.7 Tue 17:45 T-H31
Improving Astrophysical Muon-Neutrino Measurements with New Energy
Estimators in IceCube— ∙Philipp Fürst, Jakob Böttcher, Erik Ganster,
Jonas Hellrung, Georg Schwefer, Roman Suveyzdis, and Christo-

pher Wiebusch for the IceCube-Collaboration — RWTH Aachen University

- Physics Institute III B, Aachen, Germany

�e IceCubeNeutrinoObservatory ismeasuring a di�use astrophysical neutrino

�ux with a spectral shape compatible with a single power law at Tev to PeV en-

ergies. With neutrinos conveying information directly from their source, their

spectral shape is closely connected to open questions about the acceleration and

propagation of the hadronic component of cosmic rays. While hints for spec-

tral features beyond a single power law exist, spectral resolution in the muon-

neutrino detection channel is strongly tied to the achievable energy resolution.

We present newmethods of energy estimation based onmachine learningmeth-

ods and estimate the expected sensitivity gain for model hypotheses beyond the

single power law, exploring the possibility to distinguish di�erent spectral shapes

in the future.

T 46.8 Tue 18:00 T-H31
�e Paci�c Ocean Neutrino Experiment: prototype line development —
∙Martin Dinkel, Elisa Resconi, and Christian Spannfellner for the P-

ONE-Collaboration — Technische Universität München
�e Paci�c Ocean Neutrino Experiment (P-ONE) is a planned large-scale neu-

trino telescope in the Northeast Paci�c Ocean, near the coast of Vancouver Is-

land, British Columbia. �e P-ONE collaboration, founded by an initiative of

Canadian and German institutes, successfully deployed two path�nder experi-

ments to probe the site for P-ONE.�e next milestone is the construction and

deployment of the �rst line of the Paci�c Ocean Neutrino Experiment.�is so-

called prototype line will comprise optical and calibration modules and follow a

novel design approach to minimize interface gaps and allow a scalable deploy-

ment approach. We will present the optical and calibrationmodule development

status and introduce the overall line design and deployment approach.

T 46.9 Tue 18:15 T-H31
Machine-learning aided experimental design for P-ONE — ∙Janik Prot-
tung, Christian Haack, and Arturo Llorente Anaya — Technical Uni-

versity Munich, Germany

�e Paci�c Ocean Neutrino Experiment (P-ONE) is a collaboration of Ocean

Networks Canada (ONC) andUniversities fromGermany, Canada, and the USA

to build a large volume neutrino telescope in the Paci�c Ocean. Similar to other

neutrino telescopes, P-ONE wants to instrument the ocean with photosensors

deployed on vertical cables (lines) to detect high-energy neutrino interactions

by the Cherenkov light emitted from secondary particles. �e design of such

telescopes has a variety of free parameters, such as the sensor spacing and sen-

sor density, trigger algorithms and thresholds, or hardware used for signal digi-

tization.�ese parameters directly impact the physics potential of the telescope

and need to be optimized under external constraints (cost, bandwidth, site lim-

itations). �ese optimization studies typically require expensive Monte-Carlo

simulations that limit the explorable parameter phase space. �is talk presents

a framework that uses graph-neural networks and multi-parameter optimiza-

tion to comprehensively explore the parameter phase space while reducing the

simulation time.�e framework facilitates data-driven decisions for the P-ONE

design, maximizing the physics potential while minimizing the expenses.

T 47: Cosmic Ray 2
Time: Tuesday 16:15–18:15 Location: T-H32

T 47.1 Tue 16:15 T-H32
�e Underground Muon Detector in �e Pierre Auger Observatory: cal-
ibration and characterization — ∙Marina Scornavacche

1,2
, Federico

Sánchez
1
, JuanManuel Figueira

1
, andMarkusRoth

2
for the Pierre Auger-

Collaboration —
1
Instituto de Tecnologías en Detección y Astropartículas,

ComisiónNacional de Energía Atómica, Buenos Aires, Argentina—
2
Institut für

Astroteilchenphysik, Karlsruher Institut für Technologie, Karlsruhe, Deutsch-

land
�e Pierre Auger Observatory was designed to answer the key questions about

the origin and composition of ultra-high energy cosmic rays.�e Underground

Muon Detector (UMD) is optimized to perform a direct measurement of the

muon component of the air showers in the ankle-region of the energy spectrum.

To estimate the number of muons, one of the most sensitive observables to the

mass composition of primary cosmic rays, the UMD works in two complemen-

tary ways dubbed as binary (or counting) and ADC (or integrator) modes. �e

�rst relies on the amplitude of the signals, the latter on its charge. In this work, we

will focus on the integrator mode, where the number of muons can be estimated

once the average charge le� by a single muon is known. In previous analysis,

we showed how to calibrate the integrator based on simulations. Now we study

evolution of the calibration data, including monitoring variables involved in the

calibration process. We also perform comparisons between data and simulation

results and report on most recent developments and interpretations.

T 47.2 Tue 16:30 T-H32
Compatibility of trigger and timing between the non-upgraded and the up-
graded electronics of the Pierre Auger Observatory. — ∙Fabio Convenga
for the Pierre Auger-Collaboration—Karlsruher Institut für Technologie (IAP),

Karlsruhe, Germany

�e surface detectors of the Pierre Auger Observatory are being upgraded by

adding new detectors and replacing electronics.

�e upgraded electronics, dubbed Upgraded Uni�ed Board (UUB), is able to

acquire data from the new detectors. It includes an improved GPS receiver, a

higher sampling rate, and a more powerful logic capacity.

�e new features of UUB made it possible to introduce new types of triggers.

Despite this, to ensure backward compatibility, pre-upgrade triggers are imple-

mented using digitally �ltered and downsampled waveforms to simulate the trig-

gering behavior in the non-upgraded stations.

�e logic functionality of the UUB also includes a module for event timing.

�e fundamental architecture of this module is parallel to that used in non-

upgraded electronics.�e on-board so�ware that manages the module is similar

to that of the non-upgraded electronics, with minor modi�cations required for

the new UUB hardware.

In this talk, we will present the �rst analysis on the compatibility of the trig-

gering e�ciency and timing focusing on two neighboring stations one with the

non-upgraded electronics and the other with the UUB.

T 47.3 Tue 16:45 T-H32
Performance and Calibration of the Upgraded Surface Detector of the Pierre
Auger Observatory — ∙Alexander Streich, David Schmidt, Darko Ve-
beric, Markus Roth, and Ralph Engel for the Pierre Auger-Collaboration

— Karlsruher Institut für Technologie (KIT), Karlsruhe, Deutschland

�e AugerPrime upgrade de�nes the transition to the next measurement stage of

the Pierre Auger Observatory and is rolled out among other things with the ad-

dition of new scintillation detectors on top of the water-Cherenkov detectors of

the Surface Detector.�ese Surface Scintillator Detectors provide a complemen-

tary measurement of the secondary particles enabling the discrimination of the

individual air shower components on an event-to-event basis. �is leads to an

signi�cantly improved determination of the properties of the ultra-high energy

cosmic rays, for example their mass composition. Besides the scintillation de-

tectors, the electronics boards of each station will be replaced with an enhanced

version with an increased signal resolution, a higher sampling frequency, as well

as faster data processing. �is presentation focuses on the analyses of the per-

formance of these hardware components under the measurement conditions in

the Observatory.�ereby, the general operation stability and hardware require-

ments are investigated. Additionally, the performance of the air shower recon-

struction applied to the �rst array of AugerPrime stations is analyzed, including
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the necessary adaptations to the detector calibration procedure and the signal

discrimination capability of the hybrid event detection utilizing the scintillation

and Cherenkov detectors.

T 47.4 Tue 17:00 T-H32
Test of the front-end electronics of the AugerPrime Radio Detector* —
Stephan Keller and ∙Julian Rautenberg for the Pierre Auger-Collaboration
— Bergische Universität Wuppertal, Gaußstr. 20, 42119 Wuppertal

As part of the AugerPrime extension of the Pierre Auger Observatory each of

the 1660 Surface Detector stations will be upgraded for the radio detection of

air showers. �e corresponding specialized front-end electronics has been de-

veloped within the collaboration for optimal performance in the cosmic ray de-

tection. To ensure the quality of the electronics before deployment over the 3000

km
2
of the Observatory they are temperature cycled between -25 and 75 degree

for 48 hours. At four temperatures their performance is repeatedly measured

with a de�ned set of test-signal inputs. �e setup to test the 2000 electronic

boards will be presented together with the results of the �rst pre-production

boards.

*Gefördert durch die BMBF Verbundforschung Astroteilchenphysik (Vorhaben
05A20PX1).

T 47.5 Tue 17:15 T-H32
CRPropa 3.2 — an advanced framework for high-energy particle propaga-
tion in extragalactic and galactic spaces— ∙Julien Dörner for the CRPropa-
Collaboration — �eoretische Physik IV, Ruhr University Bochum, Bochum,

Germany — RAPP-Center at Ruhr University Bochum, Bochum, Germany

�e landscape of high- and ultra-high-energy astrophysics has changed in the

last decade, largely due to the in�ow of data collected by large-scale cosmic-ray,

gamma-ray, and neutrino observatories. At the dawn of the multimessenger era,

the interpretation of these observations within a consistent framework is im-

portant to elucidate the open questions in this �eld. CRPropa 3.2 is a Monte

Carlo code for multimessenger simulations of high-energy particles and their

secondaries. With this new version, the framework is now extended to more

than extragalactic propagation opening up the possibility to more astrophysical

applications, like Galactic cosmic-ray and local source modeling.

In this talk, we will show some of these new aspects that can be applied with

CRPropa 3.2. It will include simulations of high-energy particles in di�usion

dominated domains and self-consistent, fast modelling of electromagnetic cas-

cades and interactionswith customized photon �elds. With the newCRPropa 3.2

version several technical updates and improvements were implemented, which

will be presented in the talk.

T 47.6 Tue 17:30 T-H32
Testing the Starburst Galaxy and Active Galactic Nuclei correlation result for
Pierre AugerObservatory with CRPropa simulations*— ∙wilson namasaka

— Bergische Universität Wuppertal, Gaußstr. 20, 42119 Wuppertal, Germany.

Intermediate scale anisotropies in the distribution of Ultra-High Energy Cosmic

Rays (UHECRs) arrival directions can be associated with two prominent classes

of extragalactic gamma-ray sources detected by Fermi-LAT. Inmost recent study,

a correlation between the arrival direction of cosmic rays at energies above 38

EeV for starburst galaxies (SBG) and 39 EeV for active galactic nuclei (AGN)

was reported by the Pierre Auger Collaboration with a signi�cance of 4.5σ and
3.1σ , respectively. �e cosmic ray excess models for these sources used an an-
gular smearing parameter to �t the observed arrival direction distribution in an

optimization scan.

�e viability of this angular smearing using CRPropa is investigated in this

research, to test whether the results of the Pierre Auger Observatory can be re-

produced by the de�ections expected due to magnetic �elds. �e �ve strongest

gamma-ray sources in both the Fermi-LATAGN and SBG catalogs based on �ux

weight have been selected. In this talk, results from the simulations and expected

angular de�ections shall be presented.

*Funded by DAAD under reference No.91653888.

T 47.7 Tue 17:45 T-H32
Extending CRPropa with hadronic interactions for in-source propagation of
UHECRs*— ∙LeonelMorejon— Bergische Universität Wuppertal, Gaußstr.

20, 42119 Wuppertal

CRPropa is a versatile Monte Carlo code for the propagation of Ultra-High En-

ergy Cosmic Rays (UHECRs). Part of its strength is the possibility to combine

it with user code to provide additional functionality. For example, it has been

employed with post-simulation computations to study sources where hadronic

interactions are of interest. However, when such interactions are too important,

like may be the case in certain bursting sources, this type of approach is incon-

sistent.

�is contribution reports on the ongoing e�ort to extendCRPropawith the in-

clusion of hadronic interactions.�e approach involves exposing hadronicmod-

elling so�wares (e.g. EPOS-LHC, SYBILL, QGSJet) to the main code, and thus,
make them available to all users natively (i.e. no need for additional coding).�e
result is a new module within CRPropa that computes hadronic interactions in

runtime, along with the other interactions in the code.�e performance of this

new module is pro�led and simple case studies are selected to illustrate its use.

* Funded by the Deutsche Forschungsgemeinscha� through project number
445990517.

T 47.8 Tue 18:00 T-H32
Advances in parallelization of cosmic rays simulations in CORSIKA 8 —
∙Antonio Augusto Alves Junior, Pranav Sampathkumar, and Ralf Ul-
rich for the CORSIKA 8-Collaboration — Institute for Astroparticle Physics

(IAP) - KIT

Advances in the parallelization of CORSIKA 8, which is being developed inmod-

ern C++17 and is designed to run on multi-thread modern processors and ac-

celerators, are discussed.

Aspects such as out-of-the-order calculations, generation of high quality ran-

dom numbers and fast task scheduling and submission on massively parallel

platforms are highlighted, followed by presentation of preliminary performance

measurements.

Finally, the design choices and integration into CORSIKA 8 are presented, to-

gether with some basic examples.

T 48: Neutrino Physics without Accelerators 3
Time: Tuesday 16:15–18:45 Location: T-H33

T 48.1 Tue 16:15 T-H33
Improvedmeasurement of the neutrinomixing angle θ13 with Double Chooz
— ∙Philipp Soldin, Lars Heuermann, Achim Stahl, and Christopher
Wiebusch— III. Physics Institute B, RWTH Aachen University

DoubleChooz is a reactor neutrino disappearance experiment thatwas operating

between 2011 until 2018. Its primary purpose was the precise measurement of

the neutrinomixing angle θ13.�e experimental setup consisted of two identical
liquid scintillator detectors at average baselines of about 400 m and 1 km to two

nuclear reactor cores in Chooz, France.�e neutrinos were detected by measur-

ing the inverse beta decay (IBD) signature, which consists of a prompt positron

annihilation and a delayed neutron capture signal. �e simultaneous measure-

ment of the neutrino energy spectrawith two detectors is used in a Poisson-based

likelihood �t to obtain the neutrino mixing angle θ13.�is �t takes into account
the respective neutrino �uxes, their energy spectra, all relevant backgrounds,

and correlated uncertainties.�e �nal data set, latest results, and novel ideas are

presented in this talk.

T 48.2 Tue 16:30 T-H33
Likelihood based Sterile Neutrino Search with Double Chooz — ∙Lars
Heuermann, Philipp Soldin, Achim Stahl, and Christopher Wiebusch

— RWTH Aachen University - Physics Institute III B, Aachen, Germany

�e Double Chooz experiment was a reactor electron anti-neutrino disappear-

ance experiment with the purpose of measuring the neutrino oscillation angle

θ13. It used two nearly identical detectors at the respective distances of 400m
and 1050m to the reactors of the nuclear power plant in Chooz, France, for this

purpose.

Sterile neutrinos are hypothetical neutrino mass states, which do not partici-

pate in weak interactions, but still could participate in neutrino oscillations and

thus would be measurable with Double Chooz. We present a search which fo-

cusses on a pro�le likelihood approach to test the data with respect to the pa-

rameters of a model with a single additional sterile neutrino state (3+1 model).

A particular challenge thereby is that Wilks’ theorem is not ful�lled and compu-

tationally intensive parameter scans have to be used to estimate the test statistics.

�e talk explains the analysis method and presents the median sensitivity for the

sterile mixing parameter θ14 in dependence of Δm
2
41, as well as an analysis of the

available experimental dataset.

T 48.3 Tue 16:45 T-H33
OSIRIS – a radiopurity detector for JUNO— ∙ChristianWysotzki for the

JUNO-Collaboration — RWTH Aachen University - Physics Institute III B,

Aachen, Germany

�e Jiangmen Underground Neutrino Laboratory (JUNO) is a 20 kt liquid scin-

tillator based neutrino observatory, which is currently under construction in

southern China.

OSIRIS (Online Scintillator Internal Radioactivity Investigation System), as

one of JUNOs subsystems, monitors the radiopurity of the liquid scintillator.
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Stringent limits regarding the contamination of radioactive isotopes, especially

uranium and thorium have been de�ned to ensure the success of JUNOs physics

program.

�e assembly and commissioning of OSIRIS is foreseen for 2022.�is talk will

give an overview of the design philosophy, the detector systems, and the current

status.

T 48.4 Tue 17:00 T-H33
Calibration of the JUNO pre-detector OSIRIS — ∙Moritz Cornelius

Vollbrecht
1,2
, Alexandre Göttel

1,2
, Philipp Kampmann

3
, Runxuan

Liu
1,2
, Livia Ludhova

1,2
, Nikhil Mohan

1,2
, Luca Pelicci

1,2
, and Mariam

Rifai
1,2
—

1
Forschungszentrum Jülich GmbH, Nuclear Physics Institute IKP-2,

Jülich —
2
III. Physikalisches Institut B, RWTH Aachen University, Aachen —

3
GSI Helmholtzcentre for Heavy Ion Research, Darmstadt

�e multi-kton liquid scintillator (LS) detector of the Jiangmen Underground

Neutrino Observatory (JUNO) experiment, currently under construction in

Southern China, has a vast potential for insights in several �elds of (astro-) par-

ticle physics. To achieve its goals of determining the neutrino mass ordering,

stringent radiopurity levels are required. To ensure these limits, the Online Scin-

tillator Internal Radioactivity Investigation System (OSIRIS) was designed as a

predetector for JUNO. In OSIRIS, 76 self-triggering intelligent PMTs (iPMTs)

instrument a watershielded 20 ton liquid scintillator target. During the months-

long �lling of JUNO, a fraction of each puri�ed scintillator batch passes through

OSIRIS and its radiopurity is closely monitored. �is enables fast countermea-

sures on possible contaminations. Multiple calibration systems are employed in

OSIRIS. An Automatic Calibration Unit (ACU) of the Daya Bay experiment is

used to calibrate energy and vertex event reconstructions as well as iPMT timing

and charge responses. A separate laser system is used for the timing calibration

of the iPMTs. �is presentation will summarize the current status of the work

concerning the calibration strategy of OSIRIS.

T 48.5 Tue 17:15 T-H33
Liquid Handling System of the OSIRIS detector — Michael Wurm, Hans

Steiger, Kai Loo, Eric Theisen, and ∙Oliver Pilarczyk — Johannes

Gutenberg-Universität Mainz

�e JiangmenUndergroundNeutrinoObservatory (JUNO) is a 20 kt liquid scin-

tillator experiment currently under construction in Jiangmen (China). Its main

scienti�c goal is to determine the neutrino mass ordering by measuring anti-

electron neutrinos from two nearby nuclear power plants at a distance of 53 km.

To achieve this goal the liquid scintillator has to go through several puri�cation

plants on site to make sure it meets the optical and radiopurity requirements.

�e 20m3
OSIRIS pre-detector is the last device behind these puri�cation

plants and will be constructed in a underground hall close to the main JUNO

detector. Its task is to monitor the radiopurity of the puri�ed scintillator before

it is �lled in the JUNO detector and it will reach sensitivity levels of 10
−16 д/д

on Uranium and�orium. OSIRIS is expected to be operated in a continuous

mode, whichmeans that parts of the scintillator from themain �lling line will be

redirected into a bypass in which the OSIRIS detector is placed and then being

send on back into the main �lling line. To make sure every batch of the scintil-

lator stays about 24 h inside the OSIRIS detector a temperature gradient will be

established in the detection volume.�is talk covers the operation of the Liquid

Handling System (LHS) and the included Level Measurement (LM) which con-

trol and oversee the operation of OSIRIS.�e development is funded by the DFG

Research Unit *JUNO* (FOR2319) and the Cluster of Excellence PRISMA+
.

T 48.6 Tue 17:30 T-H33
�e Laser calibration system of the JUNO pre-detector OSIRIS — ∙Tobias
Sterr, Lukas Bieger, David Blum, Marc Breisch, Srijan Delampady,

Jessica Eck, Gina Grünauer, Tobias Heinz, Benedict Kaiser, Frieder

Kohler, Tobias Lachenmaier, Axel Müller, Alexander Tietzsch, and

Jan Züfle— Eberhard Karls Universität Tübingen, Physikalisches Institut

�e Jiangmen Underground Neutrino Observatory is a multi-kton, multi-

purpose Neutrino observatory currently under construction in Kaiping, South-

ern China. It has a vast potential for progress in several �eld of (astro-) particle

physics (e.g., the neutrino mass ordering, supernova neutrinos, geoneutrinos,

etc.). To achieve the goals, a thorough control of the radiopurity levels of the

liquid scintillator is required.�erefor the Online Scintillator internal Radioac-

tivity Investigation System (OSIRIS) was introduced as a pre-detector to JUNO.

OSIRIS features 76 self-triggering intelligent PMTs (iPMTs) as well as a water-

shielded, 20-ton liquid scintillator target. During the �lling phase of the main

detector, OSIRIS will measure the radiopurity of a fraction of each batch of liquid

scintillator passed to JUNO. To enable OSIRIS to reach the necessary sensitiv-

ity to perform this task, two calibration systems will be available: An automated

calibration unit and a laser calibration system. �is talk will focus on the laser

calibration system which will be used for both, timing and charge calibration of

the iPMTs. Additionally, the preliminary calibration strategy of the laser system

ofOSIRISwill be presented.�is work is supported by theDeutsche Forschungs-

gemeinsch� (DFG)

T 48.7 Tue 17:45 T-H33
Final Results of the PoLiDe Experiment— ∙Ulrike Fahrendholz1, Lothar
Oberauer

1
, Hans Steiger

1,2
, Raphael Stock

1
, DavidDörflinger

1
, Mario

Schwarz
1
, andKonstantin Schweizer

1
—

1
TechnischeUniversitätMünchen

(TUM), Physik-Department, James-Franck-Str. 1, 85748 Garching beiMünchen

—
2
Institute of Physics and Excellence Cluster PRISMA+, Johannes Gutenberg-

Universität (JGU) Mainz, Staudingerweg 9, 55099 Mainz

�e Jiangmen Underground Neutrino Observatory (JUNO) aims to determine

the neutrino mass ordering by detecting reactor electron-antineutrinos. In the

main detection channel, the inverse beta decay (IBD), a positron is produced,

which is used to reconstruct the neutrino*s initial energy. If the positron forms

a bound state with spin 1, called ortho-Positronium (o-Ps), with an electron prior

to its annihilation, the time structure of the event is distorted due to the longer

lifetime of o-Ps.�e Positron Lifetime Determination (PoLiDe) experiment was

built to determine the lifetime and formation probability of o-Ps in liquid scintil-

lators (LSs). In this talk, the �nal results of the lifetime measurements for di�er-

ent organic LSs, including the JUNO mixture, and a water-based LS sample are

presented.�is work is supported by the DFG research unit ”JUNO”, the DFG

collaborative research centre 1258 ”NDM”, and the DFG Cluster of Excellence

”Origins.

T 48.8 Tue 18:00 T-H33
Measurements of the attenuation length and the group velocity of liquid scin-
tillators with the CELLPALS method— ∙Jessica Eck, Lukas Bieger, David
Blum, Marc Breisch, Srijan Delampady, Gina Grünauer, Tobias Heinz,

Benedict Kaiser, Frieder Kohler, Tobias Lachenmaier, Axel Müller,

Tobias Sterr, Alexander Tietzsch, and Jan Züfle— Eberhard Karls Uni-

versität Tübingen, Physikalisches Institut

�e Jiangmen Underground Neutrino Observatory (JUNO) is currently con-

structed in southern China with the main goal to determine the neutrino mass

hierarchy by detecting reactor antineutrinos. �e JUNO detector consists of a

large spherical vessel �lled with 20ktons of highly transparent liquid scintillator.

To quantify the transparency, a measurement of the attenuation length is crucial,

however, this poses a challenge for attenuation lengths of several tens of meters

due to the necessity of a su�cient long light path through the sample.

�is talk will present the CELLPALS method to measure the attenuation

length of liquid scintillators using an optical cavity to extend the e�ective light

path. In addition, the CELLPALSmethod also provides the determination of the

group velocity of the sample.�e experimental setup and the results for di�erent

samples will be presented.

�is work is supported by the Deutsche Forschungsgemeinscha�.

T 48.9 Tue 18:15 T-H33
Fluorescence Time Pro�les of the JUNO and TAO Liquid Scintillators us-
ing a Pulsed Neutron Beam in the Energy Range from 3.5 to 5.5 MeV —
∙Matthias Raphael Stock

1
, Hans Th. J. Steiger

1,2
, David Dörflinger

1
,

Stefan Schoppmann
3
, Ulrike Fahrendholz

1
, Lothar Oberauer

1
, Luca

Schweizer
1
, Korbinian Stangler

1
, and Dorina Zundel

2
—

1
Physik-

Department, TU München, James-Franck-Str. 1, 85748 Garching —
2
JGU

Mainz, Cluster of Excellence PRISMA+, Staudingerweg 9, 55128 Mainz —
3
University of California, Department of Physics, Berkeley, CA 94720-7300,

USA
We simultaneously performed two liquid scintillator (LS) characterization ex-

periments using a pulsed neutron beam at the CN accelerator of INFN Labora-

tori Nazionali di Legnaro. At energies ranging from 3.5 MeV to 5.5 MeV, one

experiment measures the quenching factor of recoil protons while the one other

measures the scintillation time pro�le of recoil protons. �is talk is about the

time pro�le experiment, where we show results of LS mixtures for the upcom-

ing neutrino experiments JUNO and TAO in China as well as for future projects

e.g.,�eia, which will use a water-based LS. Di�erences in the time pro�les af-

ter gamma and neutron excitation allows to perform pulse shape discrimination

and therefore advances the ability to distinguish the neutrino signal from back-

ground.�is work is supported by the BMBFVerbundforschung 05H2018 ”R&D

Detektoren (Szintillatoren)”, theDFG research unit ”JUNO”, theDFGCRC1258

”NDM” and the DFG Clusters of Excellence ”PRISMA+” and ”Origins”.

T 48.10 Tue 18:30 T-H33
Quenching Factor Studies for Organic Liquid Scintillators with a Pulsed
Neutron Beam — ∙Hans Th. J. Steiger

1,2
, M. Raphael Stock

2
,

David Dörflinger
2
, Stefan Schoppmann

3
, Manuel Böhles

1
, Ul-

rike Fahrendholz
2
, Lothar Oberauer

2
, Luca Schweizer

2
, Korbinian

Stangler
2
, and Dorina Zundel

1
—

1
JGU Mainz, Cluster of Excellence

PRISMA+, Staudingerweg 9, 55128 Mainz, Germany —
2
Physik-Department,

TUMünchen, James-Franck-Str. 1, 85748 Garching, Germany—
3
UC Berkeley,

Department of Physics, CA 94720-7300, USA

Leading current multi-ton-scale neutrino experiments rely on the successful ap-

plication of liquid scintillators (LS).�erefore, detailed understanding of the de-

tectors and their detection media are crucial to construct realistic simulations

and predictions of phenomena. With our measurements at the CN accelera-
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tor of the INFN Laboratori Nazionali di Legnaro, we conduct precision char-

acterizations of LSs in terms of proton quenching and �uorescence spectra. In

these experiments neutron interactions are distinguished from beam correlated

gammas by time-of-�ight measurements. During several beamtimes in the past

two years we studied samples of scintillators from the experiments JUNO, TAO,

Borexino,�eia and SNO+. Precise data about the quenching factors of proton

and 12C-recoils for all measured liquid scintillators were gained for the �rst time.

�is work is supported by the Cluster of Excellence PRISMA+, the Bundesmin-

isterium für Bildung und Forschung (Verbundprojekt 05H2018: R&DDetectors

and Scintillators) and the DFG Research Unit JUNO.

T 49: Neutrino Physics without Accelerators 4
Time: Tuesday 16:15–18:40 Location: T-H34

Group Report T 49.1 Tue 16:15 T-H34
Direct neutrinomassmeasurement with the Project 8 experiment: status and
outlook— ∙LarisaThorne andMartin Fertl for the Project 8-Collaboration

— Institute of Physics and Excellence Cluster PRISMA+, Johannes Gutenberg

University Mainz, 55099 Mainz, Germany

�ere have been signi�cant gains in characterizing neutrino properties in recent

decades, however the absolute neutrino mass scale continues to be elusive. �e

Project 8 experiment seeks to probe this quantity directly via kinematic analysis

of atomic tritium single beta decay, using the novel CRES (cyclotron radiation

emission spectroscopy) technique. CRES employs a frequency-based approach

to measure the di�erential tritium beta decay spectrum in the endpoint region,

where the spectral shape is most sensitive to distortions from a non-zero neu-

trino mass. Here we present a roadmap of Project 8’s milestones towards a neu-

trino mass measurement with a �nal design sensitivity of 40 meV.�is includes

recent results from a successful �rst-time demonstration of the CRES technique

with molecular tritium, as well as status updates on the components comprising

the experiment’s future full-scale version.

T 49.2 Tue 16:35 T-H34
Atomic hydrogen beammonitor for Project 8— ∙ChristianMatthe and Se-

bastian Böser for the Project 8-Collaboration— Institute of Physics and Excel-

lence Cluster PRISMA+, Johannes Gutenberg University Mainz, 55099 Mainz,

Germany

�e Project 8 collaboration aims to determine the absolute neutrino mass with a

sensitivity of 40 meV by measuring the tritium decay spectrum around the end-

point energy. For this level of precision it is necessary to use atomic tritium, since

molecular tritium sensitivity is limited by the molecular �nal state distribution

to about 100 meV. We anticipate using an atomic tritium �ux of ≈ 10
19
atoms/s

from a source to inject a beam with ≈ 10
15
atoms/s of the proper state and tem-

perature into the detection volume.

For monitoring this beam, we are developing a detector that uses a wire with

a micrometer-scale diameter intersecting the beam on which a small fraction of

the beam’s hydrogen atoms recombine into molecules.�e energy released heats

the wire and produces a measurable change in its resistance. Using either a grid

of wires or a sweep with a single wire the beam pro�le will be determined. Such

a detector is suitable for both development work and for minimally disruptive

online monitoring in the �nal experiment. In this talk I will present �rst results

using such a detector in the beam of the Mainz atomic hydrogen setup.

T 49.3 Tue 16:50 T-H34
Atom-source development for Project 8 — ∙Alec Lindman and Sebastian
Böser for the Project 8-Collaboration — Institute of Physics and Excellence

Cluster PRISMA+, Johannes Gutenberg University Mainz, 55099 Mainz, Ger-

many

�e Project 8 experiment aims to make a direct measurement sensitive to much

of the unexplored range of neutrino masses. Past experiments used molecular

tritium, which has a large energy smearing from its �nal states. Project 8 will

use atomic tritium to reach mβ ≤ 40meV.�is requires O(1020) T atoms held
at tens of mK in a several-cubic-meter magnetic trap.�e e�ciencies of cooling

the atoms and their trapped lifetime require >1019 atoms/s at the source. Phase
III of Project 8 will include an Atomic Tritium Demonstrator to con�rm we can

produce, cool, and trap su�cient atomic T for the �nal Phase IV experiment.

I will discuss work at the University of Mainz to develop a high-�ux tritium-

compatible atom source. Our tests extend to a hydrogen �ow of 20 sccm,

20 times the previously-published values for this type of source. Recent progress

includes a redesign that boosted the atomic signal 100-fold and separation of

the atom signal from background via low-energy ionization. Upgrades are un-

derway to de�nitively determine if the present atom source provides su�cient

atomic �ux for Project 8’s neutrino mass sensitivity. Designs for a higher-output

source, if needed, and subsequent cooling and trapping stages are in progress

and will be tested in due course.

T 49.4 Tue 17:05 T-H34
Project 8 Free Space CRES Demonstrator: Signal characteristics and
matched-�lter detection— ∙René Reimann, Florian Thomas, and Martin

Fertl for the Project 8-Collaboration — Institute of Physics and Excellence

Cluster PRISMA+, Johannes Gutenberg University Mainz, 55099 Mainz, Ger-

many

�e Project 8 collaboration aims to measure the neutrino mass with a sensitiv-

ity of 40meV by measuring the endpoint region of the atomic tritium beta de-

cay spectrum using the new technology of Cyclotron Radiation Emission Spec-

troscopy (CRES). While the measurement principle of CRES has been success-

fully demonstrated using the enclosed volume of a microwave guide �lled with

molecular tritium or krypton, one major challenge is to scale up the source vol-

ume in order to increase the overall statistics. One promising approach is to leave

the con�ned space of the microwave guide and detect the cyclotron radiation

emitted by the electron in free space using an array of antennas. To investigate

the CRES technique in free space the so called Free Space CRES Demonstrator

(FSCD) is under development. Because the signal is diluted into 4π an antenna
array with a high number of readout channels is required, which drastically in-

creases the data rate.�erefore real-time processing, triggering and reconstruc-

tion are required in the FSCD.�e signal characteristics are mainly dominated

by the magnetic �eld and the antenna response. In this talk we present the in-

�uence of the magnetic �eld on the signal spectrum and present how matched

�ltering can be used to detect and reconstruct CRES signals.

Group Report T 49.5 Tue 17:20 T-H34
�e SNO+ experiment: current status and future prospects — ∙Johann
Dittmer and Kai Zuber— IKTP, TU Dresden, Deutschland

SNO+ is a large liquid scintillator based experiment reusing the infrastructure

of the successful Sudbury Neutrino Observatory (SNO). Located 2 km under-

ground in a mine near Sudbury, Ontario, Canada, the detector consists of 12

m diameter acrylic vessel which is �lled with 780 tonnes of a liquid scintillator.

For the main goal, the search for the neutrinoless double beta decay (0íββ) of
130
Te, the scintillator will be doped by 0.5% natural Tellurium. Since SNO+ was

designed as a general purpose neutrino detector, it is also possible to measure

neutrinos from di�erent sources (reactor, geo, solar, Supernova, etc.). A�er a

commissioning water phase which was ended in 2018, the scintillator �ll was

completed in April 2021.

In this talk the recent results and broad physics program will be presented.

SNO+ is supported by the German Research Foundation (DFG).

T 49.6 Tue 17:40 T-H34
Column Density Determination for the KATRIN Neutrino Mass Mea-
surement — ∙Christoph Köhler

1
, Fabian Block

2
, and Alexander

Marsteller
2
for the KATRIN-Collaboration —

1
Technical University of Mu-

nich/Max Planck Institute for Physics —
2
Karlsruhe Institute of Technology

�e KATRIN experiment aims to model-independently probe the e�ective elec-

tron anti-neutrino mass with a sensitivity of 0.2 eV (90 % CL) by investigating

the endpoint region of the tritium beta decay spectrum. To achieve this goal

the gas quantity of the windowless gaseous tritium source, characterized by the

column density, has to be known with great accuracy.

We present in this talk the principle of measuring the column density with

an angular resolved photoelectron source and report on the monitoring accu-

racy of the column density achieved with dedicated activity monitoring devices

in the �rst �ve measurement campaigns of KATRIN.�e in�uence of the col-

umn density uncertainty on the neutrino mass determination is then discussed

in light of KATRIN’s world-leading direct upper limit on the neutrino mass and

the ongoing further data-taking.

�is work is supported by the Technical University of Munich, the Max

Planck Society, the Helmholtz Association (HGF), the Ministry for Education

and Research BMBF (05A17PM3, 05A17PX3, 05A17VK2, and 05A17WO3), the

Helmholtz Alliance for Astroparticle Physics (HAP), the GRK 1694, and the

Helmholtz Young Investigator Group (VH-NG-1055).

T 49.7 Tue 17:55 T-H34
83mKr N-line spectrum measurement at KATRIN—Matthias Böttcher

1
,

Moritz Machatschek
2
, Magnus Schlösser

2
, and ∙Jaroslav Storek2 for

the KATRIN-Collaboration—
1
Institute of Nuclear Physics, University of Mün-

ster —
2
Institute for Astroparticle Physics, Karlsruhe Institute of Technology

�e KArlsruhe TRItium Neutrino experiment currently provides the best neu-

trino mass upper limit of 0.8 eV/c
2
(90% C. L.) in the �eld of direct neutrino-

mass measurements. �is result has been obtained with only 5% of the antic-

ipated total measurement time. However, reaching the target sensitivity of 0.2

eV/c
2
at 90% C. L. not only requires the full measurement time, but also the

detailed study of systematic measurement uncertainties. Several of them can be
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studied by measuring a shape distortion of the
83m
Kr intrinsic electron conver-

sion N-lines which creates high demands on precise knowledge of the undis-

torted spectrum. Results of a dedicated measurement of the intrinsic
83m
Kr N-

spectrum conducted at unprecedented precision at KATRINwill be presented in

this talk.

�is work is supported by the Ministry for Education and Research BMBF
(05A17PM3, 05A17PX3, 05A17VK2, and 05A17WO3) and the Doctoral School
"Karlsruhe School of Elementary and Astroparticle Physics: Science and Technol-
ogy (KSETA)" through the GSSP program of the German Academic Exchange Ser-
vice (DAAD).

T 49.8 Tue 18:10 T-H34
Unmodeled features in the KATRIN spectrum as a hint for unaccounted sys-
tematic e�ects *— ∙Karol Debowski for the KATRIN-Collaboration — Ber-
gische Universität Wuppertal, Wuppertal, Deutschland

�e Karlsruhe Tritium Neutrino (KATRIN) Experiment is designed and oper-

ated to determine the mass of the electron-antineutrino with a �nal sensitivity of

200meV (90% C.L.) using the radioactive beta decay spectrum of tritium. In or-

der to achieve the design sensitivity, a precise knowledge of all systematic e�ects

is needed.

Simulations of the energy spectrum take all known systematic e�ects into ac-

count which are also used in the neutrino mass analysis. Using the measured

slow control variables as inputs to the simulation, the measured and simulated

spectra should agreewith each other except for statistical �uctuations in themea-

sured data. Any signi�cant features exceeding those statistical �uctuations can

be potential hints towards systematic e�ects which are not considered (correctly)

in the simulation and hence also in the analysis. By intentionally introducing

unprecisely modeled systematics into simulations, the nature and origin of po-

tential unknown e�ects can be estimated for better understanding andmodeling

of the measured spectrum in the �nal analysis. �is work aims on a simulation

based proof of concept for upcoming analyses to �nd unaccounted systematic

e�ects in the experiment.

* �is work is supported by the Ministry for Education and Research BMBF
(05A20PMA, 05A20PX3, 05A20VK3)

T 49.9 Tue 18:25 T-H34
Increasing KATRIN’s luminosity by an enlarged acceptance angle —
∙Emanuel Weiss, Jan Behrens, Ferenc Glück, and Stephanie Hickford

for the KATRIN-Collaboration — Institute for Astroparticle Physics and Insti-

tute of Experimental Particle Physics, Karlsruhe Institute of Technology

�e KATRIN collaboration aims to determine the neutrino mass with a sen-

sitivity of 0.2 eV/c2 (90%CL). �is will be achieved by measuring and �tting
the endpoint region of the tritium β-electron spectrum. �e integral spec-

trum is measured by a MAC-E �lter, which features a high acceptance angle

for electrons emitted by a high-luminosity, isotropically emitting tritium source,

ΔΩ/2π = 1 − cos θmax.
One approach to improve the statistical uncertainty of the experiment is to

further the acceptance angle θmax, which depends on the ratio of source and
maximum magnetic �eld.�is can be achieved by keeping the source magnetic

�eld at standard setting and scaling down the magnetic �elds in the rest of the

beam line.�e changed electromagnetic conditions lead to increased β-electron
statistics and in�uence several systematic e�ects.�ese e�ects, as well as the gain

in statistics compared to the standard magnetic �eld settings, are evaluated by

simulations and measurements that are presented in this talk.

�is work is supported by the Helmholtz Association (HGF), the Ministry
for Education and Research BMBF (05A17PM3, 05A17PX3, 05A17VK2, and
05A17WO3), the Helmholtz Alliance for Astroparticle Physics (HAP), and the
Helmholtz Young Investigator Group (VH-NG-1055).

T 50: Search for Dark Matter 2
Time: Tuesday 16:15–18:00 Location: T-H35

T 50.1 Tue 16:15 T-H35
Optimisation of the TPC aspect ratio for the DARWIN observatory —
∙Sebastian Vetter— Institute for Astroparticle Physics (IAP), Karlsruhe In-
stitute of Technology (KIT)

DARWIN is a proposed next-generation astroparticle physics observatory fo-

cused on the direct detection of WIMP Dark Matter. It will use 40 tonnes of

natural xenon inside a dual-phase Time Projection Chamber (TPC) following

the technology of the successful detectors that use noble elements as active ma-

terial. Due to the elusive nature of DarkMatter and the envisaged unprecedented

discovery potential, DARWIN requires an ultra-low background level.

�e �nal design of many components of the detector is not decided yet. One

of the central parameters for optimization is the aspect ratio (AR) of the TPC.

A higher AR leads to better light collection and shorter electron dri� lengths,

but also comes with di�erent fractions of sensor and cryostat materials, being a

source of external background.

In this talk we present results based on detailed 3-dim Monte Carlo simula-

tions on the in�uence of the AR on the S1 signal detection e�ciency for WIMPs

as well as on background components such as dark count rates and neutrons

from the TPC materials.

T 50.2 Tue 16:30 T-H35
�e Freiburg DARWIN Demonstrator — ∙Julia Müller — University of

Freiburg

Liquid xenon (LXe) time projection chambers (TPCs) are the leading detector

technology for searches for dark matter in form ofWIMPs. DARWINwill be the

ultimate LXe-based dark matter detector covering the entire accessible parame-

ter space forWIMPmasses above a fewGeV/c
2
, superseding current detectors in

size and sensitivity.�e technical realization of its central low-background TPC

with a diameter of about 2.6m will be very challenging due to the size of the de-

tector, the low-temperature operation, and the required radiopurity levels. �e

DARWIN detector test platform PANCAKE at the University of Freiburg will

be used to develop and test �at detector components with diameters up to the

DARWIN-scale. We will present an overview of the platform that can accomo-

date up to 400 kg of xenon gas and present �rst results from the commissioning

phase.

T 50.3 Tue 16:45 T-H35
Full MonteCarlo simulations of the cosmogenic background for the DAR-
WIN observatory at di�erent underground locations — ∙Jose Cuenca-
García for the DARWIN-Collaboration — Institute for Astroparticle Physics

(IAP), Karlsruhe Institute of Technology (KIT)

�eDARWINobservatory is a proposed next-generation experiment focused on

the direct detection of Dark Matter. It will use 40 tonnes of natural xenon inside

a dual-phase Time Projection Chamber (TPC) being the evolution of the detec-

tors that use noble elements as active material. �e �nal design of the detector

and its location are not decided yet. Besides the direct detection of Dark Matter

a large variety of science channels can be studied, as for example 0íbb, Axion
Like Particles or solar neutrinos, among others. To fully exploit these physics

goals an ultra-low background level is required. Although this type of experi-

ments is located in underground laboratories to shield them against the cosmic

radiation, muons and their induced secondary particles can still contribute sig-

ni�cantly to the background. �is in situ production cannot be suppressed and
further veto systems are needed. We present here the simulations of the cosmo-

genic background for several underground laboratories. In particular, we focus

on the production of some nuclei that can potentially a�ect the science channels

of interest.

T 50.4 Tue 17:00 T-H35
DARWIN background estimations through multi-scatter separation —
∙Maike Doerenkamp, Antoine Chauvin, Andrii Terliuk, and Stephanie

Hansmann-Menzemer— Physikalisches Institut, Universität Heidelberg

�e DARWIN experiment is a future multi-ton dual-phase xenon TPC, whose

primary goal will be the search for WIMPs through nuclear recoil. One of the

major backgrounds in WIMP-nucleus interactions are radiogenic neutrons. A

single nuclear recoil caused by a neutron is indistinguishable from one caused

by aWIMP. However, due to their much shorter mean-free path, more than 90%

of neutrons scatter multiple times within the detector.�is can be exploited for

background rejection. �is talk will describe a method to separate single- and

multi-scatter events in a dual-phase xenon TPC and how this translates to the

expected neutron background rates in DARWIN.

T 50.5 Tue 17:15 T-H35
Estimation of electronic recoil leakage into nuclear recoil signal for DAR-
WIN — ∙Antoine Chauvin, Maike Doerenkamp, Andrii Terliuk, and

Stephanie Hansmann-Menzemer— Physikalisches Institut, Universität Hei-

delberg

�e DARWIN experiment is a proposed future Direct Dark Matter detector

which aims to detect WIMPs through WIMP-nucleus interactions, in a multi-

ton liquid xenon target. Is goal is to become the most sensitive experiment to

WIMP-nucleus interaction. To estimate this sensitivity, good models for signal

and background generation, and of the detection processes, are fundamental.

Electronic Recoil (ER) processes are the dominant background.�us a good re-

jection of ER background, and an estimation of the ER leakage in Nuclear Recoil

(NR) signal, is fundamental to achieve a high sensitivity. In this talk, I will re-

port on the setup of a simulation of the DARWIN detection process, and its use

to estimate the ER leakage fraction.
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T 50.6 Tue 17:30 T-H35
Charge detection via proportional scintillation in a single-phase liquid xenon
TPC— ∙Florian Tönnies for the DARWIN-Collaboration—Albert-Ludwigs-
Universität Freiburg, Deutschland

Dual-phase liquid/gas xenon TPCs are a well-established detector technology

to search for WIMP Dark Matter. Nevertheless, the homogenious detection of

the charge signal via proportional scintillation will be challenging at the scale

of the next-generation detectors due to the size of the TPCs. �e detection of

the charge signal in the liquid phase of a single-phase TPC might be an option

to circumvent this issue. In Freiburg we successfully operate a single-phase TPC

demonstrator which exploits proportional scintillation in the strong electric �eld

around thin wires. Some of the most recent results will be presented in this talk.

T 50.7 Tue 17:45 T-H35
�e MonXe Radon Emanation Chamber— ∙Daniel Baur for the DARWIN-
Collaboration — Albert-Ludwigs-Universität Freiburg

Liquid xenon-based experiments are currently leading the search forWIMPdark

matter. �eir electronic recoil background in the energy region of interest is

dominated by the naked (i.e., not accompanied by the coincident emission of a

gamma-ray) beta decays of
214
Pb, a progeny of

222
Rn which is emanated from

all material surfaces. Consequently, the reduction of
222
Rn emanation is manda-

tory for the success of next-generation dark matter experiments with multi-ton

xenon targets such as DARWIN.

�e
222
Rn surface emanation can be measured directly with a radon emana-

tion chamber. In such a detector the daughters of
222
Rn are collected electro-

statically on a silicon PIN diode and the subsequent alpha decays are measured

spectrometrically. We report on the MonXe radon emanation chamber, which

was recently commissioned in Freiburg for the radiopurity assay of DARWIN.

T 51: Experimental Techniques in Astroparticle Physics 2
Time: Tuesday 16:15–18:20 Location: T-H36

T 51.1 Tue 16:15 T-H36
Comparison of Sky Models of the Galactic Radio Background for the Cali-
bration of Radio Arrays— ∙Max Büsken for the Pierre Auger-Collaboration

— Institut für ExperimentelleTeilchenphysik, Karlsruher Institut für Technolo-

gie, Karlsruhe, Deutschland

�e Pierre Auger Observatory is the largest ground-based experiment for the

detection of ultra-high energy cosmic rays. New radio antennas will be installed

on each of the surface detector stations as part of the AugerPrime upgrade.�is

will allow to study the mass composition of cosmic rays arriving with large in-

clination angles.

Performing an accurate calibration and having a good understanding of its un-

certainties is crucial for any physics analysis. Conducting a calibration campaign

in the �eld with a reference antenna is not feasible on this large scale.�erefore

the absolute calibration of the radio antennas will be performed using the di�use

galactic radio emission as an absolute reference, as it is themost dominant source

of background. I will present a comparison of sky models that predict the galac-

tic emission received from the whole sky. I will show how large the uncertanties

on these predictions are and illustrate, what this means for radio experiments

relying on this calibration method.

T 51.2 Tue 16:30 T-H36
Verbesserung des externen Triggers von AERA für ausgedehnte Lu�schauer
am Pierre-Auger-Observatorium— ∙Rukije Uzeiroska für die Pierre Auger-
Kollaboration — Bergische Universität Wuppertal

Das Pierre-Auger-Observatorium ist das größte Observatorium für kosmische

Strahlung der Welt. Sein Auger Engineering Radio Array (AERA) besteht aus

mehr als 150 Antennenstationen, die eine Fläche von etwa 17 km
2
abdecken,

und dient der Erfassung von Radiosignalen, die von ausgedehnten Lu�schauern

emittiert werden.DieseMessungenwerden verwendet, umdie Eigenscha�en der

primären kosmischen Strahlung zu rekonstruieren, die die Lu�schauer verur-

sacht. Die Datennahme von AERA wird insbesondere extern durch die zentrale

Datennahme des Observatoriums getriggert. Seine Funktionsweise führt dazu,

dass viele Ereignisse getriggert werden, die für AERAnicht relevant sind. Zudem

werden nicht alle interessanten Ereignisse als solche erkannt. Um den externen

Trigger zu verbessern wird eine neue, vereinfachte Rekonstruktionsmethode für

die Bestimmung der Richtung eines ausgedehnten Lu�schauers vorgestellt. Die

Zuverlässigkeit dieser Methode wird anhand von rekonstruierten Lu�schauern

getestet. Auf Basis der entwickelten Rekonstruktionsmethode werden verschie-

dene Trigger-Bedingungen de�niert und getestet. Die optimale Trigger-Bedin-

gung erreicht eine E�zienz von 99,87% für relevante AERA-Ereignisse, wäh-

rend sie die Gesamt-Datenrate um 49,98% reduziert. Dies stellt eine substanti-

elle Verbesserung gegenüber dem aktuellen AERA-Trigger dar.

T 51.3 Tue 16:45 T-H36
Depth of Maximum of Air-Shower Pro�les at the Pierre Auger Observatory
— ∙Thomas Fitoussi for the Pierre Auger-Collaboration— Karlsruhe Institute
of Technology, Institute for Astroparticle Physics, Karlsruhe, Germany

�e Pierre Auger Observatory is the largest ultra-high energy cosmic rays ob-

servatory in the world. Using a hybrid technique (�uorescence telescopes and

surface detectors) it is possible to estimate the mass composition of cosmic rays.

�emainmass-sensitive observablemeasuredwith �uorescence telescopes is the

depth of maximum of air-shower pro�les called Xmax.
In this presentation, wewill present the analysis of themost recent dataset with

a special focus on results at low energies down to ∼ 10
17
eV.�ese low energy

measurements are preformed with the High Elevation Auger Telescope (HEAT)

and they allow to study the energy region where the transition between Galactic

and extragalactic cosmic rays is expected.

T 51.4 Tue 17:00 T-H36
Separation of muonic and electromagnetic signals using the upgraded de-
tectors of the Pierre Auger Observatory — ∙Allan Machado Payeras

1,2
,

Anderson Campos Fauth
2
, Darko Veberic

1
, and David Schmidt

1
—

1
Karlsruhe Institute of Technology, Karlsruhe, Germany —

2
University of

Campinas, Campinas, Brazil

�e Pierre Auger Observatory detects extensive air showers (EAS), produced by

high-energy cosmic rays. Its surface detector (SD) is composed of 1660 water-

Cherenkov detectors (WCD) disposed in a triangular grid with a spacing of 1500

m between nearest neighbours. At the moment, the Observatory is being up-

graded with the main addition of a surface scintillation detector (SSD), which

will be installed on top of each WCD.�e main goal of the upgrade is to obtain

data sensitive to the composition of the primary cosmic rays, which is necessary

to understand the astrophysical origin of these particles. In this work, we have

studied a method to obtain a separation of signals due to the electromagnetic

andmuonic components of EAS, using the responses of theWCD and SSD. Such

separation is the key to obtain composition-sensitive information from the new

dataset. �e signals of each of the components were modelled for the detectors

and, using Monte Carlo simulation of both EASs and of the detector responses,

we studied the reconstruction of the components for di�erent distances to the

shower axis, energies and zenith angles of the primaries. We assessed the recon-

struction precision of the di�erent components not only for the total signal, but

also for its time structure.

T 51.5 Tue 17:15 T-H36
Pointing accuracy of the roving laser system for the energy calibration of the
Pierre AugerObservatory*— ∙AlinaNasr Esfahani—Bergische Universität
Wuppertal, Gaußstr. 20, Wuppertal, Germany

�e Fluorescence Detector (FD) of the Pierre Auger Observatory provides a

nearly model independent measurement of the energy of primary cosmic rays.

�is FD energy measurement sets the energy scale of the Surface Detector, its

precision thereby factors into the systematic uncertainties of practically all sci-

enti�c results from the Observatory.

By �ring a laser with known energy output in front of the FD telescopes the

energy calibration obtained from other methods can be cross-checked indepen-

dently. �e camera response to the laser closely resembles its response to a real

cosmic ray shower providing a valuable end-to-end calibration. �e laser sys-

tem includes components to expand and depolarize the laser beam to optimize

the scattering in the atmosphere and detection by the FD camera. We built the

roving laser system by utilizing a telescope mount as a carrier for the laser. An-

gular precisionmeasurements show that this greatly improves the pointing accu-

racy, which has been a signi�cant source of uncertainty in previous campaigns.

�e precision requirements for a su�cient reduction of systematic uncertainties

compared to previous systems are based on the analysis of laser simulations.

*Supported by the BMBF Verbundforschung Astroteilchenphysik (Vorhaben
05A20PX1).

T 51.6 Tue 17:30 T-H36
Applications of the high-energy lepton and photon propagator PRO-
POSAL — ∙Jean-Marco Alameddine

1
, Jan Soedingrekso

1
, and Alexan-

der Sandrock
2
—

1
Astroparticle Physics WG Rhode, TU Dortmund Univer-

sity, Germany —
2
University of Wuppertal, Germany

PROPOSAL is a simulation library, usable in both C++ and Python, which pro-

vides 3D Monte Carlo simulations of charged leptons and high-energy photons.

One key concept of PROPOSAL is to o�er a trade-o� between simulation pre-

cision and performance for each individual use case. Due to its customizable

and modular structure, PROPOSAL is used for a wide range of applications, for
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example in the simulation chain of the IceCube Neutrino Observatory or as an

electromagnetic interaction model in the shower simulation framework COR-

SIKA 8.

In this contribution, an introduction to the simulation framework as well as an

overview of its current and possible future applications, including muography,

are presented.

T 51.7 Tue 17:45 T-H36
E�ects of unresolved particles in the counts estimated by a segmented de-
tector— ∙Flavia Gesualdi1,2 and Daniel Supanitsky1 — 1

Instituto de Tec-

nologías en Detección y Astropartículas (CNEA, CONICET, UNSAM), Cen-

tro Atómico Constituyentes, B1650KNA San Martín, Buenos Aires, Argentina

—
2
Karlsruhe Institute of Technology, Institute for Astroparticle Physics (IAP),

76021 Karlsruhe, Germany

Segmented particle counters are part of many astroparticle physics detectors and

are used to estimate particle densities. For instance, measuring the density of

muons in air showers is key for composition analyses, which in turn help to elu-

cidate the origin of cosmic rays. Technically, the goal of a segmented particle

counter is to provide an accurate estimate of the impinging number of particles

from the measured number of hit segments. If two particles hit a same segment

within a time interval smaller than the time resolution, the two particles are

counted as one.�is undercounting e�ect, referred to as pile-up, is larger when

the number of segments is small with respect to the number of impinging parti-

cles, and when the time resolution is poor compared to the characteristic dura-

tion of a single-particle signal. In this work, we develop a new pile-up-correction

method that makes use of the whole temporal structure of the signal. We com-

pare its performance against methods in literature. We show that the method of

this work performs well when considering typical air-shower signals, and that it

is also the only one that extends well to long or double-bump-like signals.

Group Report T 51.8 Tue 18:00 T-H36
Intensity interferometry campaign at the H.E.S.S. telescopes— ∙Naomi Vo-
gel, Andreas Zmija, Gisela Anton, Stefan Funk, Dmitry Malyshev,

Thilo Michel, Frederik Wohlleben, and Adrian Zink — Friedrich-

Alexander-Universität Erlangen-Nürnberg, ECAP

Intensity interferometry (II) enables high angular resolution (~milliarcsecond)

astronomical observations in the optical band by measuring the photon �uxes

of at least two telescopes with varying baselines and correlating them. It has

already been applied by VERITAS and MAGIC with excellent results. Imaging

Atmospheric Cherenkov Telescopes are suitable for performing intensity corre-

lations because of their very large collecting areas. We are planning an upcoming

II campaign at theH.E.S.S. telescopes in Namibia. Our developed II setup, which

includes a 2nm interference �lter, is designed to �t on the lid of the telescopes and

to handle the high photon count rates expected from the stars. �is is achieved

by photomultipliers whose photo currents are measured and then correlated. As

preparation for our campaign lab measurements were carried out to achieve low

background and good signal-to-noise ratios. In this contribution we will present

our technical setup and results from our lab measurements as precursor for II at

the H.E.S.S. telescopes.

T 52: Outreach Methods 2
Time: Tuesday 16:15–17:45 Location: T-H37

T 52.1 Tue 16:15 T-H37
Wie viele Farben hat ein Quark? EineMessungmit Daten des Belle II Experi-
mentes für die Teilchenphysik-Masterclasses — Florian Bernlochner, Jo-
chen Dingfelder, ∙Svenja Granderath, Henrik Junkerkalefeld, Sebas-
tian Lülsdorf, FlorinMartius, BarbaraValeriani-Kaminski und Chris-

tianWessel für die Netzwerk Teilchenwelt-Kollaboration — Universität Bonn
Bei den Teilchenphysik-Masterclasses des bundesweiten Projektes ”Netzwerk

Teilchenwelt” bekommen Jugendliche einen Einblick in die Grundlagen und

Forschungsmethoden der Teilchenphysik sowie in die Arbeitswelt von Wis-

senscha�ler:innen. 2021 wurde an der Universität Bonn von der Belle II-

Arbeitsgruppe und von Lehramtsstudierenden eine neue Masterclass entwi-

ckelt, die auf einer Messung mit Daten des Experimentes in Japan basiert.

Schüler:innen untersuchen dabei Bilder von Teilchenkollisionen, bei denen ein

Teilchen-Antiteilchen-Paar entstanden ist, und lernen, die Quark-Antiquark-

und Lepton-Antilepton-Paare anhand geeigneter Selektionskriterien zu klassi-

�zieren. Anschließend bestimmen sie den experimentellen Wert des R-Wertes

sowie die daraus resultierende Anzahl der Farbladungen und vergleichen dann

diesen Wert mit der theoretischen Erwartung, die sie während der Masterclass

selber berechnet haben. In demVortrag werden das didaktische Konzept und die

Materialien der Masterclass sowie die Erfahrungen präsentiert, die bei Durch-

führung der Messungen sowohl online als auch in Präsenz gemacht wurden.

T 52.2 Tue 16:30 T-H37
Outreach Modules for a New Particle Search Using the ATLAS Forward Pro-
ton Detector and Higgs Boson Physics— Ivan Demchenko, Martin Kupka,

André Sopczak, ∙Antoine Vauterin, and Peter Zacik—CTU in Prague
We present two modules as part of the Czech Particle Physics Project (CPPP).

�ese are intended as learning tools in masterclasses aimed at high-school stu-

dents (aged 15 to 18).�e �rst module is dedicated to the detection of an Axion-

Like-Particle (ALP) using the ATLAS Forward Proton (AFP) detector.�e sec-

ond module focuses on the reconstruction of the Higgs boson mass using the

Higgs boson golden channel with four leptons in the �nal state. �e modules

can be accessed at the following link: http://cern.ch/cppp

T 52.3 Tue 16:45 T-H37
Ten years of the Outreach Project ”International Cosmic Day” — ∙Nora
Feigl, Carolin Schwerdt, and Heike Prokoph for the Netzwerk

Teilchenwelt-Collaboration — DESY Zeuthen
Since 2012 students become researchers in astroparticle physics for one day of

the year in November: the International Cosmic Day (ICD). Participants from

more than 60 institutions such as schools, universities and research institutes in

17 countries performed experiments, discussed results and learned from scien-

tists about the latest research in their �eld on ICD 2021.

�ere are many ways to participate, such as carrying out cosmic particle ex-

periments, analyzing publicly available cosmic ray data and much more. Com-

munication between the groups is arranged via up to 10 videomeetings that take

place throughout the day.

�e ICD allows the students to have a �rst-hand experience of working in sci-

ence, shows the students how international collaborations work and how science

functions as a connecting element across national borders, language barriers and

cultural di�erences.

In this talk we will give insights into the organization of the day and present

the di�erent possibilities of participating in the International Cosmic Day - from

small projects in high school physics classes to more time-intensive elaborate ex-

periments.

T 52.4 Tue 17:00 T-H37
IceCube Masterclass - ein Onlinekonzept— ∙Jannes Brostean-Kaiser, Ma-

renVoitz-Wiedau, Carolin Schwerdt, Leander Fischer und Nora Feigl

für die Netzwerk Teilchenwelt-Kollaboration — DESY Zeuthen
Im Rahmen einer Bachelorarbeit an der HU Berlin und bei DESY, Standort

Zeuthen, wurde die IceCube Masterclass des Netzwerk Teilchenwelt von einer

Präsenz- zu einer digitalen Veranstaltung umstrukturiert. Dabei wurden die ein-

zelnenVeranstaltungsbereiche auf Kompatibilitätmit demRahmenlehrplan Ber-

lins geprü�,modular undmit Fokus auf denKompetenzbereichKommunizieren

gestaltet. Diese Masterclass konzentriert sich inhaltlich auf drei Schwerpunk-

te. Zunächst wird das Standardmodell der Teilchenphysik vorgestellt, um das

theoretische Fundament und die Relevanz des Detektors selbst zu geben. An-

schließend werden die Funktionsweise des IceCube Detektors, sowie einfache

Analysen und Identi�kationsmöglichkeiten von Teilchen präsentiert. Und zu-

letzt werden noch am Beispiel der Punktquellensuche statistische Methoden in

der Physik erklärt. Alle Bereiche werden von einem/einer Vermittler:in mit ei-

nem klassischen Vortrag gestartet, sowie mit Hands-On Übungen für die Schü-

ler:innen begleitet. Der Ablauf der Einheiten orientiert sich am Basismodell 4

Begri�s- und Konzeptbildung nach Oser. Den Abschluss der Masterclass bildet

ein Vortrag eines wissenscha�lichen Mitarbeitenden, welche:r den Detektor am

Südpol besucht hat, sowie eine allgemeine Fragerunde zum wissenscha�lichen

Arbeiten und demWerdegang eines Forschenden.

T 52.5 Tue 17:15 T-H37
A Michelson interferometer as a demonstrator for gravitational wave detec-
tion in outreach activities— ∙David Koke and Alexander Kappes—WWU
Münster, Münster, Deutschland

Gravitational waves are one of the most exciting phenomena in astrophysics and

have given us new insights into our universe since their �rst direct detection in

2015. In order to easily demonstrate the basic principles of gravitational wave

detection in outreach activities, a demonstration experiment based on a Michel-

son interferometer was created in the framework of a master thesis.�e subject

of this talk is the presentation of the current status of the project, with a special

focus on the technical realization and the challenges involved.

T 52.6 Tue 17:30 T-H37
Escape Radon: Entwicklung eines digitalen Escape Rooms für den Physikun-
terricht— ∙Hannes Nitsche— Technische Universität Dresden
Digitale Spiele werden über die letzten Jahre vermehrt zu Lehrzwecken genutzt
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und sollen Lernkonzepte auf spielerische Art und Weise erweitern. Eine der au-

ßergewöhnlicheren Spielformen, die ihren Weg in die Bildung �ndet, ist die des

digitalen Escape Rooms. Grundlage dieses Vortrags ist eine wissenscha�liche

Arbeit, in der der didaktische Mehrwert dieses Spielformats für den Physikun-

terricht untersucht wurde. Dazu wurde eine digitale Escape Story entwickelt,

welche sich inhaltlich mit der Radonbelastung in Deutschland auseinandersetzt

und dabei kernphysikalische Grundlagen vermittelt. Im Vortrag wird die Escape

Story ’Escape Radon’ sowie die Ergebnisse ihrer Erprobung und Evaluation vor-

gestellt. Des Weiteren wird erörtert, welche Gestaltungselemente von digitalen

Escape Rooms das Interesse der Lernenden am Lehrinhalt fördern können und

wieweit sich die Methode für Lehrzwecke adaptieren lässt.

T 53: Data Analysis, Information Technology and Artificial Intelligence 3
Time: Tuesday 16:15–18:30 Location: T-H38

T 53.1 Tue 16:15 T-H38
Improved selective backgroundMonteCarlo simulation atBelle IIwith graph
attention networks andweighted events— ∙BoyangYu, NikolaiHartmann,
and Thomas Kuhr— Ludwig-Maximilians-Universität München

When measuring rare processes at Belle II, a huge luminosity is required, which

means a large number of simulations are necessary to determine signal e�cien-

cies and background contributions. However, this process demands high com-

putation costs while most of the simulated data, in particular in case of back-

ground, are discarded by the event selection. �us �lters using graph neural

networks with attention mechanisms are introduced a�er theMonte Carlo event

generation to save the resources for the detector simulation and reconstruction

of events discarded at analysis level. Merely �ltering out events will however in-

evitably introduce biases.�erefore statistical methods including sampling and

reweighting are invested to deal with this side e�ect.

T 53.2 Tue 16:30 T-H38
Analysis Speci�c Filters for SelectiveBackgroundMonteCarlo Simulations at
Belle II— ∙Luca Schinnerl, Boyang Yu, Nikolai Hartmann, and Thomas
Kuhr— Ludwig Maximilians University Munich, Munich, Germany

�e Belle II experiment is expected to accumulate a data sample of 50 ab-1 in

its lifetime. For rare processes, strong background suppression is needed to pre-

cisely measure these types of events. Because of this, an extremely large number

of simulated background events is necessary for an e�ective analysis. However, a

signi�cant portion of the simulated data is discarded trivially in the �rst stage of

analysis, demanding a better method of simulation to keep up with the amount

of data. For this purpose a neural network is implemented to select the relevant

data a�er theMonte Carlo event generation and then only run the costly detector

simulation and reconstruction for selected events. Existingmethods have shown

good success with graph neural networks. However, the total speedup of simu-

lations is limited when considering generic selections with a retention rate of

4.25%. Here a maximum speedup of 2.1 was reached. In this work we iteratively

introduce analysis speci�c �lters to the training of the neural networks, which

can greatly increase e�ciencies. For the rare process B -> K*vv thismethodology

has been successful in signi�cantly improving simulation speed.

T 53.3 Tue 16:45 T-H38
Preparing transformer-based dose predictions: Performance of en-
coder/decoder structures for CT- and dose-sequence encoding — ∙Piet
Hoffmann, Kevin Kröninger, Armin Lühr, Florian Mentzel, and Jens

Weingarten— TU Dortmund
In radiotherapy, fast dose predictions based on CT images are useful as they re-

duce the need for computing-intensive Monte Carlo simulations and thus can

speed up treatment planning. A new approach to these fast dose predictions

consists of interpreting the CT to dose conversion as a sequence translation task

and making use of a transformer machine learning model.

For this, the CT data is disected perpendicularly to the beam into a sequence

of 2D slices, if not already aquired in this direction. Before these slices are fed

into the translation architecture it is useful to �rst encode them to reduce their

dimensionaltiy and concentrate the contained information. A�er translation the

data then has to be decoded into a dose prediction slice.

For the whole model to work properly, the structure of such encoder and de-

coder is important and thus in this talk di�erent approaches are compared with

respect to their performance. Properties of the resulting encoded data space,

like smooth transitioning between data points and the density distribution of

data points, and their potential bene�ts are discussed.

T 53.4 Tue 17:00 T-H38
Progressive Generative Adversarial Networks for High Energy Physics
Calorimeter Simulations — ∙Simon Schnake1,2, Kerstin Borras1,2, Dirk
Krücker

1
, Florian Rehm

2,3
, and Sofia Vallecorsa

3
—

1
DESY, Hamburg,

Germany —
2
RWTH Aachen, Germany —

3
CERN openlab, Geneva, Swiss

�e simulation of particle showers in calorimeters is a computational demanding

process. Deep generative models have been suggested to replace these compu-

tations. One of the complexities of this approach is the dimensionality of the

data produced by high granularity calorimeters. One possible solution could

be progressively growing the GAN to handle this dimensionality. In this study,

electromagnetic showers of a (25x25x25) calorimeter in the energy range of 10

- 510 GeV are used to train generative adversarial networks. �e resolution of

the calorimeter data is increased while training. First results of this approach are

shown.

T 53.5 Tue 17:15 T-H38
Generative Models For Hadron Shower Simulation — ∙Engin Eren —
Deutsches Elektronen-Synchrotron, Notkestrasse 85, 22607Hamburg, Germany

Simulations provide the crucial link between theoretical descriptions and exper-

imental observations in particle physics. It describes fundamental processes or

the interactions of particles with detectors. �e high computational cost asso-

ciated with producing precise simulations in su�cient quantities, e.g. for the

upcoming data-taking phase of the Large Hadron Collider (LHC) or future col-

liders, motivates research into more computationally e�cient solutions. How-

ever, the simulation of realistic showers in a highly granular detector remains

a hard problem due to a large number of cells, values spanning many orders of

magnitude, and the overall sparsity of data.

�is contribution advances the state of the art in two key directions: Firstly, we

present a precise generative model for the fast simulation of hadronic showers

in a highly granular hadronic calorimeter. Secondly, we compare the achieved

simulation quality before and a�er interfacing with a so-called particle-�ow-

based reconstruction algorithm. Together, these bring generative models one

step closer to practical applications.

T 53.6 Tue 17:30 T-H38
Deep Set Generation of Collider Events— ∙Erik Buhmann— Institut für Ex-
perimentalphysik, Universität Hamburg

With current and future high-energy collider experiments’ vast data collecting

capabilities comes an increasing demand for computationally e�cient simula-

tions. Generative machine learning models allow fast event generation, yet are

largely constrained to �xed data and detector geometries.

We introduce a novel autoencoder setup for generation of permutation invari-

ant point clouds with variable cardinality - a �exible data structure optimal for

collider events. Our model is simple, lightweight and purely set based without

exploiting additional graph structures. We show that our model scales well to

large particle multiplicities and achieves good performance on various data sets.

T 53.7 Tue 17:45 T-H38
Angular Conditioning of Generative Models for Fast Calorimeter Shower
Simulation— ∙PeterMcKeown—Deutsches Elektronen-Synchrotron DESY,

Hamburg, Germany

Modern high energy physics experiments fundamentally rely on accurate

simulation- both to characterise detectors and to bridge observed signals and un-

derlying theory. Traditional simulation tools are reliant uponMonte Carlometh-

ods which, while powerful, require signi�cant computational resources, and are

projected to become a major bottleneck at the high luminosity stage of the LHC

and for future colliders. Calorimeter showers are particularly computationally

intensive to simulate, due to a large number of particle interactions with the de-

tector material.

A potential solution based on deep generative models promises to provide

drastic reductions in compute times. Previous work in our group has demon-

strated the ability of various generativemodels to accurately reproduce key phys-

ical properties of showers in highly granular calorimeters. While this work has

focused on the speci�c case of a particle incident perpendicular to the face of the

calorimeter, a practical simulator must be able to correctly simulate arbitrary an-

gles of incidence. In this talk, e�orts to add conditioning on the incident angle

of the particle will be addressed.

T 53.8 Tue 18:00 T-H38
Re�nement of jet simulation with generative adversarial networks —
∙Shruthi Janardhan1,2

, Sven Harder
1
, Patrick Connor

1
, Peter

Schleper
1
, Daniel Ruprecht

2
, and Sebastian Götschel

2
—

1
Universität

Hamburg —
2
Technische Universität Hamburg

In High Energy Physics, the interaction of particles with matter at the detec-

tors are best simulated with the GEANT4 so�ware. Alternatively, less precise

but faster simulations are sometimes preferred to reach higher statistical pre-

cision. We present recent progress of re�nement of fast simulations with ML

techniques to enhance the quality of such fast simulations. We demonstrate the
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use of generative adversarial networks in the context of jet simulation using a

Wasserstein loss function. �e architecture consists of two opposing networks,

Re�ner and Critic.�e Re�ner, re�nes the distribution of the energy of the jets

obtained with the fast simulation. �e Critic is used to e�ectively di�erentiate

between the distributions of re�ned energy and the distribution obtained by the

GEANT4 simulation.�e Re�ner can be used solely to obtain a fast but re�ned

jet simulation.

T 53.9 Tue 18:15 T-H38
Using ML to analytically model the CMS detector response to jets — ∙Nils
Gerber, Samuel Bein, and Peter Schleper—Universität Hamburg

Many applications in particle physics require an accurate modelling of the en-

ergy response of detectors to individual particles as well as jets. For example, un-

folding, fast detector simulation, as well as certain background estimation tech-

niques, all require some input related to the jet response. While typical models

are constructed from established functional forms such as Crystal Ball functions

�t to data distributions of the response, an alternative approach is exploredwhere

a DNN classi�er is employed in order to arrive at a model which takes into ac-

count correlated dependencies in the response on the true jet energy, pseudora-

pidity, jet �avour, and other factors.

T 54: Invited Topical Talks 3
Time: Wednesday 11:00–12:40 Location: T-H15

Invited Topical Talk T 54.1 Wed 11:00 T-H15
Hunting XYZ Beasts at Belle and Belle II — ∙Elisabetta Prencipe for the
Belle II-Collaboration— Justus-Liebig-University of Giessen, Giessen, Germany

�e search for conventional and non-conventional charmonium states has

gained a lot of attention over the past twenty years. It has undoubtedly been

shown since 2003 that there are more complex structures than mesons and

baryons, and for several of those a non-unique interpretation has been provided,

mainly due to the lack of statistics. We refer to these resonant states as X, Y, Z,

depending on their properties. Recently the PDG has renamed those that are

well established, trying to provide a better understanding. Undoubtedly B fac-

tories such as Belle and BaBar have in the past made a notable contribution in

�lling in the missing blocks of the charmonioum spectrum; however, the limited

statistics did not allow to search further for these exotic XYZ states.

LHCb collected huge data sets, which allowed to conduct interesting analyses

in the i.e. search for pentaquarks and the properties of the X(3872). An impor-
tant contribution to the �eld will come from the Belle II data, once the planned

integrated luminosity is reached, in particular in the search for exotic states in ra-

diative decays, ISR and Υ(nS) transitions, which represent unique physics cases.
Recent spectroscopy results with the complete Belle data sets are discussed,

and a summary of results in charmonium and bottomonium spectroscopy is pro-

vided with current Belle II data. Future plans with Belle + Belle II combined data

sets are then presented.

Invited Topical Talk T 54.2 Wed 11:25 T-H15
Precision tests of the Standard Model using CP violation in B meson decays
— ∙ThibaudHumair for the Belle II-Collaboration —Max Planck Institute for
Physics, Föhringer Ring 6, 80805 Munich

One of the main goals of the Belle II physics program is to test the �avour sector

of the StandardModel to very high precision bymeasuring the parameters of the

CKM triangle, which governs quark mixing. �is talk focuses on the measure-

ments of two of these parameters: the angles alpha and beta.

�e angle alpha requires to measure direct CP violation in various charmless,

rare, modes.�ese modes require excellent performances in background reduc-

tion and in the reconstruction of neutrals. �e angle beta is accessed through

time-dependent measurements of CP violation. �ese measurements require a

very good B vertex resolution, excellent �avour tagging capabilities and a per-

fect understanding of the detector response. I will present recent Belle II results

in both types of measurements, and discuss the future prospects for analyses of

highest possible precision.

Invited Topical Talk T 54.3 Wed 11:50 T-H15
Back to the top: charting the bounds of the standard model— ∙Afiq Anuar
— Deutsches Elektronen Synchrotron (DESY), Notkestraße 85, D-22607 Ham-

burg

�e top quark, themostmassivemember of the standardmodel, is unique in that

it is the only known fermion with a Yukawa coupling of order one. In addition,

its short lifetime provides us with the only opportunity to study a quark prior

to hadronization. �ese advantages make it among our best probes in searches

for physics beyond the standard model. At the same time, the stream of neg-

ative results in searches of speci�c extensions of the standard model from the

LHC makes the use of e�ective approaches increasingly attractive. In this talk,

experimental analyses where such approaches are employed will be discussed,

ranging from interpretations of precise standard model measurements to direct

constraints on e�ective operators through the use of advanced statistical meth-

ods.

Invited Topical Talk T 54.4 Wed 12:15 T-H15
Darkmatter from spin-2mediators— ∙StefanVogl—University of Freiburg
Dark matter interacting with massive spin-2 mediators is an intriguing possibil-

ity. However, due to the high energy behavior of longitudinal modes of spin-2

particles, the rate of DM annihilation into the mediators exhibits a tremendous

growth as soon the channel is kinematically open. To have a consistent e�ective

theory for the spin-2 particle, we analyze an extra-dimensional model such that

the mediator(s) are the Kaluza-Klein (KK) modes of the 5D graviton. We �nd

that including the full KK-tower in the computation reduces the annihilation

rate by an order of magnitude or more. �is casts some doubt on the universal

applicability of previous studies with spin-2mediators within an EFT framework

and indicates that a careful consideration of UV physics is required to accurately

capture the phenomenology.

T 55: Invited Topical Talks 4
Time: Wednesday 11:00–12:40 Location: T-H16

Invited Topical Talk T 55.1 Wed 11:00 T-H16
Machine Learning for LHC�eory— ∙Anja Butter— Institut für�eoretis-
che Physik, Heidelberg, Germany

Over the next years, measurements at the LHC and the HL-LHC will provide us

with a wealth of data. �e best hope of answering fundamental questions like

the nature of dark matter, is to adopt machine learning techniques for particle

experiment and theory. LHC physics relies at a fundamental level on our abil-

ity to simulate events e�ciently from �rst principles. In the coming LHC runs,

these simulations will face unprecedented precision requirements to match the

experimental accuracy. Neural networks can overcome limitations from the cal-

culation of amplitudes and event generation. Generative networks can achieve

high-precision in simulations while maintaining control over training stability

and associated uncertainties. Since networks in the form of normalizing �ows

can be inverted, they also open new avenues in LHC analyses. �e access to

the density of the generated distribution enables new methods for anomaly de-

tection, while their interpretation in terms of probability densities leads to new

methods for multi-dimensional unfolding.

Invited Topical Talk T 55.2 Wed 11:25 T-H16
Towards high-precision deep learning for astroparticle physics —

∙ChristophWeniger—University of Amsterdam, Netherlands

Observational data relevant for astroparticle physics and astrophysical searches

for dark matter becomes increasingly complex and detailed. We are in a situa-

tion where o�en what we can learn from new observations is limited not by the

amount of data, but by the sophistication of our analysis tools and the quality and

detail of our physical models. Classical statistical techniques, like Markov Chain

Monte Carlo, severely limit model realism and complexity, due to their high sim-

ulation requirements and limitation on the number of free parameters. Neu-

ral simulation-based inference algorithms have the capability to break through

these barriers in surprising ways. However, using these new classes of algorithms

without compromising the precision and accuracy of statistical inference results

remains challenging. I will present both successful examples and discuss typical

pitfalls related to the application of neural simulation-based inference algorithms

to dark matter searches with astrophysical data.
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Invited Topical Talk T 55.3 Wed 11:50 T-H16
�e quest for the mechanism behind the matter-antimatter asymmetry —
∙Julia Harz— Technische Universität München, München, Germany
Our own existence is still a mystery, as some yet unknown mechanism had to

generate an excess ofmatter over antimatter during the evolution of theUniverse.

A�er an introduction on why physics beyond the Standard Model is needed

in order to explain the observed matter-antimatter asymmetry, I will give an

overview of di�erent theoretical mechanisms that are potentially able to explain

such an asymmetry. Hereby, I will highlight interesting possible connections

to neutrino physics and dark matter. Moreover, I will discuss the challenges of

probing baryogenesis models and review promising experimental strategies.

Invited Topical Talk T 55.4 Wed 12:15 T-H16
Towards the lightest dark matter in direct searches— ∙Belina von Krosigk

— Karlsruhe Institute of Technology, Institute for Astroparticle Physics,

Eggenstein-Leopoldshafen, Germany

In the last decades, astronomical observations have consistently indicated that

most of the matter in the Universe remains hidden to even the most sensitive

telescopes because it is nonluminous - because it is dark. Observing the respec-

tive dark matter particles became one of the most tantalizing endeavors of mod-

ern physics. A new generation of large exposure direct search experiments is

at the ready to observe weak-scale dark matter particles, with their successors

already in the planning. At the same time a new era has begun towards a di-

rect detection of ever lighter dark matter candidates. Novel detector designs are

reaching ultra-low detection thresholds with which new detection channels can

be exploited and unprecedentedly low dark matter masses can be probed. State-

of-the-art direct detection searches most sensitive to light dark matter will be

reviewed together with an outlook on where the near future is expected to take

us in this quest towards dark matter discovery in the laboratory.

T 56: Flavour Physics 4
Time: Wednesday 16:15–18:30 Location: T-H15

T 56.1 Wed 16:15 T-H15
Bs mixing in scalar Leptoquark models — ∙Jordi Folch Eguren1

, Javier

Virto
2
, and Andreas Crivellin

3
—

1
University of Barcelona/TU Dortmund

—
2
University of Barcelona —

3
PSI

Leptoquarks provide viable solutions to the �avour anomalies, i.e. they can ex-

plain the tensions between the measurements and the Standard Model predic-

tions of the anomalous magnetic moment of the muon as well as b-s and b-cτí
processes.

However, LQs also contribute to other �avour observables, such as F = 2 pro-

cesses, at the loop-level. In particular, Bs mixing provides a crucial bound in

setups addressing b-cτí data, o�en excluding a big portion of the parameter
space that could otherwise account for it.

In this work, we �rst derive the complete leading ordermatching, including all

�ve scalar LQ representations, for D0, K0 and Bs mixing (at the dimension-six

level). We then calculate the next-to-leading order αs matching corrections to
these F = 2 processes in generic scalar leptoquark models.

We �nd that the two-loop corrections increase the e�ects in F = 2 processes

by 5-10% and signi�cantly reduce the matching scale uncertainty.

T 56.2 Wed 16:30 T-H15
Testing the Standard Model with CP-asymmetries in �avour-speci�c non-
leptonic decays — Tim Gershon

1
, Alexander Lenz

2
, ∙Aleksey Rusov2,

and Nicola Skidmore
3
—

1
Department of Physics, University of Warwick,

Coventry, CV4 7AL, UK —
2
Center for Particle Physics Siegen, �eoretische

Teilchenphysik, Universität Siegen, Walter-Flex-Str. 3, 57068 Siegen, Germany

—
3
University of Manchester, Schuster Building, Manchester, M13 9PL, UK

Motivated by recent indications that the rates of colour-allowed non-leptonic

channels are not in agreement with their Standard Model expectations based on

QCD factorisation, we investigate the potential to study CP asymmetries with

these decays. In the Standard Model, these �avour-speci�c decays are sensitive

to CP violation inB0
(s)–B̄

0
(s)mixing, which is predictedwith low uncertainties and

can be measured precisely with semileptonic decays. If there are beyond Stan-

dard Model contributions to the non-leptonic decay amplitudes, there could be

signi�cant enhancements to theCP asymmetries. Measurements of these quanti-

ties therefore have potential to identify BSM e�ects without relying on Standard

Model predictions that might be a�ected by hadronic e�ects. We discuss the

experimental prospects, and note the excellent potential for a precise determi-

nation of the CP asymmetry in B̄s → D+
s π

−
decays by the LHCb experiment.

T 56.3 Wed 16:45 T-H15
Endpoint divergences in QED corrections to Bs → μ+μ− — ∙Nicolas Seitz,
Thorsten Feldmann, TobiasHuber, andNicoGubernari—Center for Par-

ticle Physics Siegen,�eoretische Teilchenphysik, Universität Siegen

We consider leptonic B-meson decays of the form Bs → μ+μ−. �ese are me-
diated in the standard model by operators of the e�ective weak Hamiltonian for

|ΔB| = |ΔS| = 1 transitions. At leading order, only the semi-leptonic operator

O10 contributes. If one calculates the QED corrections mediated by the opera-

tor O7, the suppression by the �ne-structure constant α is ampli�ed by a factor
1/λ2 = mb/ΛQCD ≫ 1 Here, one additionally obtains a quadratic logarithmic

ampli�cation ∝ ln
2 λ2, which comes from endpoint divergences in regions of

small momenta.�e aim of our project is to investigate the interaction of QCD

corrections on the hadronic side and the endpoint divergences of themuon prop-

agator. An important technical tool here is the method of regions in the calcu-

lation of the loop integrals that occur.

T 56.4 Wed 17:00 T-H15
BSM e�ects in lifetimes of B mesons — ∙Jakob Müller, Alexander Lenz,

Maria Laura Piscopo, and Aleksey Rusov — Center for Particle Physics

Siegen,�eoretische Teilchenphysik, Universität Siegen

We study the impact of potential BSM contributions to non-leptonic b quark de-
cays on observables like τ(B+)/τ(Bd) and τ(Bs)/τ(Bd). �ese observables are
measured with a precision of the order of several per mille. �e correspond-

ing theory predictions are obtained within the framework of the Heavy Quark

Expansion.

T 56.5 Wed 17:15 T-H15
NLO QCD corrections to inclusive b → cℓí̄ decay spectra up to 1/m3

b —
ThomasMannel, ∙DanielMoreno, and Alexei A. Pivovarov—Center for

Particle Physics Siegen,�eoretische Physik 1, Universität Siegen, 57068 Siegen,

Germany

We present analytical results for higher order corrections to the decay spectra

of inclusive semileptonic heavy hadron weak decays, using the heavy quark ex-

pansion (HQE). We describe the analytical computation of the spectrum of the

leptonic invariant mass for B → Xcℓí̄ up to terms of order 1/m
3
b within the

HQE at next-to-leading order (NLO) in αs .�e full dependence of the di�eren-
tial rate on the mass of the �nal-state quark is taken into account. We discuss the

implications of our results for the precision determination of the CKM matrix

element |Vcb |.

T 56.6 Wed 17:30 T-H15
Towards completion of the four-body contributions to B̄ → Xsγ at NLO —
TobiasHuber and ∙Lars-ThorbenMoos—Center for Particle Physics Siegen,

�eoretische Teilchenphysik, Universität Siegen

�e inlusive radiative B̄ → Xsγ decay constitutes an important pillar in the indi-
rect search for new physics and allows to constrain the parameter space of many

models.

In this talk we present the ongoing e�orts in the computation of four-body

contributions to the process B̄ → Xsγ, namely those of b → sддγ at NLO in the
strong coupling and the necessary complementing 5-particle cuts of the gluon-

bremsstrahlung b → sддγ + д.
Although these corrections are expected to be small, this computation for-

mally completes the NLO contributions to B̄ → Xsγ.
Since the anomalous dimensions are already computed to a su�cient order,

the main tasks are the systematic generation of the 1-loop amplitude, the au-

tomation of the phase space integration, the infrared-regularization and �nally

the renormalization of the diagrams including the operator mixing.

�e results obtained so far are shown and the further structure of the calcula-

tion is outlined.

T 56.7 Wed 17:45 T-H15
Improved theory determination of |Vub | from inclusive B-decays — ∙Kevin
Olschewsky—Center for Particle Physics (CPPS), Siegen University

Inclusive B-meson decays into light �nal state particles like the semileptonic

B̄ → Xuℓí̄ are of great importance for the precise determination of the Cabbibo-
Kobayashi-Maskawa (CKM) matrix element |Vub |. With the unprecedented
amount of experimental data, it becomes more and more important to have

sound theoretical predictions with small and controllable uncertainties.

In order to obtain the B̄ → Xuℓí̄ decay rate, the much larger b → c back-
ground has to be removed by appropriate kinematical cuts. �eoretically the

calculation of partial decay rates in this region of phase space where B̄ → Xcℓí̄
decays are suppressed requires the introduction of a non-perturbative distribu-

tion function; the "shape function" (SF).
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In this talk I will present an update for the BLNP framework, which is based

on the so�-collinear e�ective �eld theory framework.�is includes updates for

all known perturbative quantities as well as new parameterizations for the SF.

Our systematic approach in modelling the SF allows us to provide a sound error

analysis based on even higher orders in the Heavy Quark Expansion than before.

T 56.8 Wed 18:00 T-H15
Dispersive bounds for local form factors ofΛb → Λ—Thomas Blake

1
, Ste-

fan Meinel
2
, ∙Muslem Rahimi

3
, and Danny van Dyk

4
—

1
Department of

Physics, University of Warwick, UK —
2
Department of Physics, University of

Arizona, USA—
3
Center for Particle Physics Siegen,�eoretische Physik 1, Uni-

versität Siegen, Germany —
4
Physik Department T31, Technische Universität

München, Germany

We investigate the 10 form factors relevant to the b-baryon decay Λb → Λℓ+ℓ−

by combining information of Lattice QCD and dispersive bounds. To this end,

we use a parametrization of the local form factors in terms of orthonormal poly-

nomials with respect to the dispersive integral kernel. Our approach provides

control over the form factor uncertainties due to truncation of the series expan-

sion and extrapolation to the region of lowmomentum transfer, which is of great

phenomenological interest.

T 56.9 Wed 18:15 T-H15
B-meson decay into a proton and dark antibaryon fromQCD light-cone sum
rules—AlexanderKhodjamirian and ∙MarcelWald—Center for Particle

Physics Siegen,�eoretische Teilchenphysik, Universität Siegen

Recently, a B-Mesogenesis scenario was suggested to simultaneously solve the
baryon asymmetry and relic dark matter abundance problems. In this scenario,

decays of B-mesons into a baryon and dark antibaryon in the �nal state are ex-
pected with an appreciable branching fraction within the reach of modern B
factories. We suggest to apply QCD light-cone sum rules to the decay mode

B+ → pΨ, whereΨ is a dark antibaryon. With this method we obtain the B → p
hadronicmatrix element of the three-quark e�ective operator in terms of the nu-

cleon light-cone distribution amplitudes and estimate the partial width.

T 57: Flavour Physics 5
Time: Wednesday 16:15–18:15 Location: T-H16

T 57.1 Wed 16:15 T-H16
Search for B0(s) → pp̄μ+μ− decays with the LHCb experiment — Johannes
Albrecht, ∙Maik Becker, Lukas Calefice, and Vitalii Lisovskyi—Exper-

imentelle Physik 5, TU Dortmund

In 2019 the LHCb collaboration reported the �rst observation of the decays

B0
(s) → J/ψpp̄. �e branching fraction of the B0

s mode was measured to be

(3.6 ± 0.4) × 10
−6
, which was much larger than the theoretically expected value

of O(10−9) at that time. For the B0
mode, however, the branching fraction was

in agreement with theoretical predictions.

�e question arises whether the corresponding non-resonant decays are also

observable with the full data set of 9 fb
−1
collected by the LHCb experiment. For

the B0
s mode the leading-order Feynman diagram is similar to the one for the

B0
s → μ+μ− decay, but includes an additional pp̄ pair from gluon radiation, li�-
ing the helicity suppression. For the B0

mode Cabibbo-suppressed b → dμ+μ−

transitions dominate.

In this talk an ongoing analysis of B0
(s)→ pp̄μ+μ− decays using data from the

LHCb experiment will be presented. In particular, the selection and studies on

the resonant control channels are shown.�e search aims at intensifying the ef-

forts of the LHCb collaboration to study rare decays with leptons and baryons in

the �nal state.

T 57.2 Wed 16:30 T-H16
Test of lepton universality with Λb → pKl+ l− decays at LHCb— Johannes
Albrecht, Vitalii Lisovskyi, and ∙Jannis Speer— Experimentelle Physik 5,
TU Dortmund
In recent measurements of b-hadron decays a pattern of consistent tensions with
the SM predictions is observed. �is includes decays with b → sl+ l− transi-
tions, which play an important role in lepton �avor universality tests such as

RK and RK∗0 . Complementary to b-meson decays, lepton �avor universality
can also be tested in b-baryon decays which come with partly orthogonal ex-
perimental uncertainties. �e �rst measurement of the ratio of branching frac-

tions of the decays Λb → pKe+e− and Λb → pKμ+μ−, R−1
pK , was published by

the LHCb Collaboration using proton-proton collision data corresponding to

4.7 fb
−1
. In the dilepton mass-squared range 0.1 < q2 < 6.0GeV

2/c4 and the pK
mass range m(pK) < 2600MeV/c2 the ratio of branching fractions was mea-
sured to be R−1

pK = 1.17+0.18−0.16 ± 0.077. �e legacy measurement of R−1
pK tries to

reduce the uncertainties by analysing the full 9 fb
−1
dataset of LHCb experiment

and improving the selection.

In this talk the �rst study of the data recorded in the years 2017 and 2018 is

presented. Furthermore the ongoing improvements in the signal selection re-

quirements are discussed.

T 57.3 Wed 16:45 T-H16
Isospin asymmetries in rareB decays—JohannesAlbrecht, ∙FabioDeVel-
lis, and Vitalii Lisovskyi— Experimentelle Physik 5, TU Dortmund

Isospin symmetry is a fundamental property of the Standard Model. It predicts

a branching fraction that is almost the same for decays which di�er only by one

spectator quark, like B0 → K0μ+μ− and B+ → K+μ+μ−. �e same is true for
the decays B0 → K∗0μ+μ− and B+ → K∗+μ+μ−. For these decays a quantity
which describes di�erences in branching fraction, namely the asymmetry, can

be de�ned.�is is particularly convenient since it is theoretically clean and it al-

lows to cancel some experimental systematics. Previous measurements on these

decays from LHCb and Belle, despite being compatible with expectations, sug-

gested coherent deviations that could be interpreted as statistical �uctuations,

or unaccounted theoretical uncertainties, or as a sign of New Physics. In this

talk an update of the asymmetry measurement with the full LHCb dataset is

presented.�is means that data corresponding to an integrated luminosity of 6

fb
−1
are added to the dataset used in previous Run 1 analysis.�is analysis also

aims to give an update to the di�erential branching fraction measurement of the

above-mentioned decays.

T 57.4 Wed 17:00 T-H16
Measurement of the ratio RKππ with the LHCb experiment — Christoph

Langenbruch, ∙JohannesHeuel, and Stefan Schael—I. Physikalisches In-
stitut B, RWTH Aachen University

In the Standard Model (SM) of particle physics, the coupling of electroweak

gauge bosons to all leptons is universal. Stringent tests of this Lepton Flavour

Universality (LFU) are possible by measuring ratios of rare b → sℓℓ decays with
di�erent leptons in the �nal state. �ese decays are loop-suppressed in the SM

and therefore sensitive to new heavy particles beyond the SM.

�e LHCb experiment is ideally suited for the study of rare b hadron decays
due to its large acceptance, the high trigger e�ciencies and the excellent tracking

and particle identi�cation. Recent measurements of b → sℓℓ ratios published by
the LHCbCollaboration show tensions with the SMpredictions of up to 3.1 stan-

dard deviations.�erefore, further studies of LFU tests using other rare B decay
channels are crucial.

�e current status of the ongoing measurement of the ratio RKππ of the
branching fractions of the decays B+ → K+π+π−μ+μ− and B+ → K+π+π−e+e−

is presented. �e measurement is experimentally challenging as the hadronic

system is measured inclusively.

T 57.5 Wed 17:15 T-H16
Probing multilepton decays with the LHCb experiment — Johannes Al-

brecht and ∙Vitalii Lisovskyi— Experimentelle Physik 5, TU Dortmund
In the recent years, a number of tensions has been observed in rare decays of

B hadrons to a lighter hadron and two leptons. With the large dataset collected
by the LHCb experiment, it becomes possible to study even higher-order pro-

cesses. For instance, in the Standard Model, radiation of a virtual photon from

the initial state or the �nal state can create an additional dilepton pair, leading to

a �nal state with four leptons. In theories beyond the Standard Model, there are

alternative mechanisms to reach such �nal state, which makes such decays ex-

cellent probes in searches for New Physics. In this talk, decays of beauty hadrons

and quarkonia to �nal states with four leptons will be discussed. In particular,

a search for the decay B+ → K+μ+μ−μ+μ− with the dataset collected by the
LHCb experiment will be presented. I will discuss the experimental challenges

and sources of background, as well as estimate the expected sensitivity.

T 57.6 Wed 17:30 T-H16
Search for the B0 → D0D̄0 decay with the LHCb experiment. — ∙Jonah
Blank and Sophie Hollit— TU Dortmund
With precise measurements of B meson decays the LHCb experiment can test
the integrity of the Standard Model of particle physics. Especially B → D D de-
cays are interesting to examine C P violation and further constrain the unitarity
triangle. While decays to charged D±

mesons have already been well measured,

the B0 → D0D̄0
decay channel has not yet been observed by any experiment.

In this analysis, data collected by the LHCb experiment at $s = 7, 8TeV and

13TeV corresponding to an integrated luminosity of 9 fb
−1
is used to search for

the B0 → D0D̄0
decay channel. �e B0 → D̄0π+π−

decay channel is utilized

as a normalisation mode to cancel most uncertainties. An update of the current

status of the analysis will be presented.
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T 57.7 Wed 17:45 T-H16
Measurements of strangeness production with the upgraded LHCb de-
tector — ∙Lukas Calefice1,2, Vitalii Lisovskyi1, Johannes Albrecht1,
and Vladimir Gligorov

2
—

1
Experimentelle Physik 5, TU Dortmund —

2
CNRS/LPNHE, Sorbonne Université, Paris

�e LHCb experiment is currently undergoing a major upgrade of its detector to

enable running at a �ve times higher instantaneous luminositywith respect to the

previous data taking. Among other things the upgrade comprises the removal of

the hardware trigger stage, a complete re-design of the so�ware trigger, replac-

ing the front-end readout electronics of all sub-detectors and an entire new set

of tracking detectors. Validating the performance and data quality of the newly

con�gured detector is a crucial task for the beginning of the next data taking

period.

Due to their very large production cross-sections at the LHC strange hadrons

such as Λ
0
and K0

S can be studied with only few days of data taking. �erefore,

these are used to investigate the alignment of tracking detectors, to check the

PID performace and validate the simulation of the upgraded detector. Finally,

a measurement of the strangeness production cross-sections at 13 and 13.5 TeV

will be performed with the early data a�er restarting the LHC.

�is talk focuses on the preparations of the detector validation with data from

the previous data takings.

T 57.8 Wed 18:00 T-H16
Search for 3He ions at LHCb— ∙Hendrik Jage, Gediminas Sarpis, Valery
Zhukov, and Stefan Schael — I. Physikalisches Institut B, RWTH Aachen

University

In recent presentations, AMS-02 has reported the observation of several anti-

helium candidates in cosmic rays. In 2020, it has been suggested by M.Winkler

and T. Linden that dark matter annihilation into b-quarks could produce a de-
tectable

3
He �ux in cosmic rays via Λ

0

b decays.
�e LHCb detector at CERN is an experiment dedicated to the study of b-

hadrons, which are abundantly produced in the proton-proton collisions at the

Large Hadron Collider (LHC). �erefore, the large sample of Λ
0
b decays, col-

lected by LHCb until 2018, provides a unique opportunity to study the potential

displaced production of
3
He via Λ

0
b decays.

While prompt
3
He from proton-proton collisions has already been observed

at the LHC by the ALICE Collaboration in the central region (|y| < 0.5), prompt

and displaced
3
He has not yet been searched for at LHCb (2 < η < 5). In this

talk, the possibility of identifying
3
He at LHCb is discussed and the status of the

on-going analysis is presented.

T 58: QCD (Exp.) 2
Time: Wednesday 16:15–18:00 Location: T-H17

T 58.1 Wed 16:15 T-H17
Measurements of the total charm and beauty cross sections with the CMS
detector — ∙Josry Metwally, Achim Geiser, Nur Zulaiha Jomhari, and

Yewon Yang—DESY, Hamburg, Germany

�e aim of this project is the determination of the total cross section for inclusive

charm and beauty production at the LHC with di�erent center-of-mass energies

down to very low transverse momentum, and the comparison with QCD predic-

tions in next-to-next-leading order of perturbation theory.�e measurement of

the cross sections for the production of heavy quarks at the LHC is one important

test of QCD, and can, as has already happened in the case of top quark produc-

tion, be used for a measurement of the quark masses.

Other experiments as ATLAS and ALICE covered only small fractions of the

available phase space while the LHCb experiment fully covered the forward re-

gion, 2.0 < y < 4.5. For this project, we measure cross sections in the full

phase space complementary to LHCb of prompt D mesons, and D mesons from

b hadron decays through the decays B → D∗X → D0πsX → KππsX and
B → D0X → KπX. One of the challenges is the separation of prompt Dmesons
and Dmesons from b hadron decays near the production threshold. In this talk,

the details of this separation and resulting cross sections including a compari-

son with theory are presented in the accessible phase space of CMS for di�erent

center-of-mass energies and, where it can be performed, a comparisonwith other

experiments is shown.

T 58.2 Wed 16:30 T-H17
Low mass Drell-Yan measurement in p-p collision at $s = 13TeV using the
ATLAS detector at the LHC— ∙Alessandro Guida—DESY (Hamburg)
High energy physics experiments are performed at the Large Hadron Collider at

CERN colliding bunches of protons at energies up to 13TeV.�e ATLAS experi-

ment, with its multipurpose detector, studies the products of these collisions and

compares the experimental measurements with the predictions of the Standard

Model. �is talk presents the study of the process Z/γ∗ → μμ at low invari-
ant mass of the di-muon pair, in the region between 7GeV and 60GeV, below

the the Z boson resonance mass peak (mZ = 91.2GeV). �e single and double

di�erential cross sections dσ/dmμμ, d
2σ/dmμμ d|yμμ| and d

2σ/dmμμ dp
Z/γ∗
T of

the process are measured in 13TeV proton-proton collisions at the LHC, using

the ATLAS detector.�e measurement explores an extreme region of the phase

space and is sensitive to resummation results in the theoretical prediction. �e

analysis exploits the good resolution of the ATLAS detector in reconstructing

low momentum muons.�e main di�culties come instead from the high back-

ground component that enters in the event selection, the triggering of events and

the modelling of some key physical quantities.

�e main features of the analysis, the studies done to overcome the main chal-

lenges, as well as the �rst results and comparison to theory predictions are pre-

sented in the talk.

T 58.3 Wed 16:45 T-H17
Studies on Monte Carlo tuning using Bayesian Analysis — ∙Salvatore La
Cagnina

1
, Andrii Verbytski

2
, Johannes Erdmann

1
, Kevin Kröninger

1
,

and StefanKluth
2
—

1
TUDortmund, Fakultät Physik—

2
Max-Plank-Institut

für Physik, München

MonteCarlo (MC) simulations are an essential aspect of data analysis at the LHC.

One aspect of MC event generation involves hadronisation and parton shower

models. Since these models are based on approximations, they introduce a num-

ber of parameters. �ese parameters cannot be inferred from �rst principles.

�erefore, their values have to be optimized using numerical tools and experi-

mental data (MC tuning). Generally, MC tuning is performed by choosing ob-

servables that are sensitive to the parameters. A�erwards, a �t of the parameters

to data using a simpli�ed MC response function derived from �ts to MC events

is performed.�ough state-of-the-art methods for MC tuning exist, uncertain-

ties are usually treated as uncorrelated. In this talk, MC tuning using a Bayesian

approach will be discussed. �e EFT�tter tool is used for �tting, which enables

the implementation of correlations for di�erent sources of uncertainties. First

results using this method on a MC tune with LEP data will be presented.

T 58.4 Wed 17:00 T-H17
LHCb for astroparticle physics: Prompt production of charged particles
— Johannes Albrecht

1
, ∙Julian Boelhauve1, Hans Dembinski1, and

Michael Schmelling
2
—

1
TUDortmund University, Dortmund, Germany—

2
Max Planck Institute for Nuclear Physics, Heidelberg, Germany

A long-standing issue in the �eld of cosmic-ray research is the discrepancy in

the number of muons produced in high-energy air showers between observa-

tions and simulation, which is referred to as the Muon Puzzle. Precision mea-

surements of hadron production in the forward region are required in order to

validate and improve the hadronic-interaction models used in the simulation of

air showers, aiming at solving the Muon Puzzle. For this, measuring the dif-

ferential cross-section of prompt production of long-lived charged particles as a

function of transverse momentum and pseudorapidity is of great importance.

An analysis in which this di�erential cross-section has recently been deter-

mined in proton-proton collisions recorded with the LHCb experiment at a

centre-of-mass energy of 13TeV is presented in this talk. Moreover, extensions of

the analysis towards a measurement of prompt production of identi�ed hadrons

are described.

T 58.5 Wed 17:15 T-H17
Potential ofCommonData-Taking of theATLAS,AFP, ZDCandLHCfDetec-
tors in Run 3 of the LHC— ∙Yusuf Can Çekmecelioğlu, Clara Elisabeth
Leitgeb, and Çiğdem Işsever—DESY, Zeuthen, Germany

Studies of air showers induced by highly energetic cosmic particles depend heav-

ily onmodels for the so� hadronic interactions. Perturbative QCD cannot be ap-

plied to these interactions due to the lowmomentumexchange between particles.

Instead, phenomenological models that take inputs from the (ultra-)forward re-

gions of collider experiments are used to better understand these processes.�e

LHC with a collision energy of$s = 13.6 TeV in run 3 can generate such events

and provide data to reduce the large uncertainties for hadronic models.

�is talk will target the potential of a common data-taking of several forward

detectors (so far used independently) that are located at both sides of the ATLAS

detector, namely:�e ATLAS Forward Proton detector (AFP), the ATLAS Zero

Degree Calorimeters (ZDC), and the LHC forward (LHCf) calorimeters. �e

analysis focuses on the determination and optimisation of the common accep-

tance between detectors for simulated single di�ractive (SD) events at (prelimi-

nary) run 3 beam conditions. SD events allow AFP to tag the intact proton and
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the LHCf and ZDC calorimeters to detect the neutral particles from the disso-

ciated proton. Together with pseudorapidity gap measurements in the central

region provided by the ATLAS detector, a joint data-taking between these de-

tectors could improve the identi�cation and kinematic reconstruction of such

events.

T 58.6 Wed 17:30 T-H17
Study of the X(3915) at Belle— ∙YaroslavKulii1, ThomasKuhr1, and Boris
Grube

2
—

1
Ludwig-Maximilians-Universität München—

2
Technische Univer-

sität München
Charmonium states consist of a charm and anti-charm quark. Detailed theo-

retical predictions of the charmonium excitation spectrum agree well with the

experimental data.

However, in recent years experiments discovered a growing number of

charmonium-like states that do not �t into the predicted charm-anticharm ex-

citation spectrum. One such state is the X(3915). It has been discovered by the
BaBaR and Belle collaborations in the reaction e+e− → e+e−X(3915) → e+e− J/
ψω, where the �nal-state electron and positron are not detected.�e analysis of
projections of the decay angular distribution preferred the JPC = 0

++
hypothesis,

but other quantum numbers, in particular JPC = 2
++
, could not be excluded.

Because of this the X(3915)was initially identi�ed as the χc0(2P) charmonium

state, although its mass and decay width were not in good agreement with the

theory predictions. Following the Belle discovery of the X∗(3860), which agrees
much better with the χc0(2P) hypothesis, opinions shi�ed towards interpreting
the X(3915) as an exotic state. It could be, for example, a meson molecule or a
so-called hybrid meson.

We will present the current state of measuring of the spin and parity of the

X(3915) at Belle and discuss the prospects of studying the X(3915) using the
Belle II data.

T 58.7 Wed 17:45 T-H17
Partial wave analysis of the τ → 3πíτ decay at Belle — ∙Andrei Rabusov,
Daniel Greenwald, and Stephan Paul— TUM, Munich, Germany

�e COMPASS collaboration observed a potential new particle, the a1(1420),
that doesn’t �t the quark model. An independent study of the existence of this

particle, as well as the studies of the light axial and pseudoscalar resonances, can

be done in the tauon decay to three pions and a tau neutrino. �e latest such

study was published by the CLEO II collaboration in 1999 by analyzing 51000

data events. �at study can be signi�cantly improved at B-factories, which col-

lected tens of millions events of this decay. We present data selection criteria,

acceptance studies, and partial wave analysis of the τ → 3πíτ decay with the
Belle detector.

T 59: Neutrino Physics with Accelerators 1
Time: Wednesday 16:15–17:50 Location: T-H18

T 59.1 Wed 16:15 T-H18
Particle Identi�cation andReconstructionwith theDUNEND-GArNearDe-
tector — ∙Lorenz Emberger and Frank Simon — Max-Planck-Institut für

Physik

�e Near Detector (ND) of the Deep Underground Neutrino Experiment

(DUNE) will play an important role in the search of CP violation in the neutrino

sector. Additionally, as a standalone complex, it will be an excellent laboratory

to study a wide range of neutrino interactions and BSMmodels.�e ND design

consists of three independent sub-detectors, placed downstream of the neutrino

production target. One of these detectors, called ND-GAr, consists of a magne-

tized high pressure gaseousArgonTime ProjectionChamber (TPC), surrounded

by an electromagnetic calorimeter (ECAL) and a magnet yoke. One key aspect

of the ECAL is the reconstruction of neutral particles such as neutral pions and

potentially neutrons.�e ECAL also extends the detector’s separation capability

of muons and pions, which is further enhanced by a muon tagger in the magnet

yoke. We present a simulation study of the detector system featuring a highly

granular electromagnetic calorimeter inspired by the SiPM-on-Tile technology

developed by the CALICE collaboration. We will introduce the detector design

considerations, as well as the potential physics program. Furthermore, we will

discuss the separation of muons and pions using the ECAL and study the impact

of di�erent possible muon tagger layouts. A simulation study on time-of-�ight

reconstruction of the kinetic energy of neutrons will also be presented.

T 59.2 Wed 16:30 T-H18
Studies on the DUNE ND-GAr ECAL Design — ∙Sebastian Ritter1, Pe-
ter Bernhard

2
, Andrea Brogna

2
, Volker Büscher

1
, Karl-Heinz Geib

1
,

Asma Hadef
1
, Antoine Laudrain

1
, Lucia Masetti

1
, Marisol Robles

Manzano
1
, Anna Rosmanitz

1
, Christian Schmitt

1
, AlfonsWeber

1
, and

Quirin Weitzel
2
—

1
Johannes-Gutenberg Universität Mainz —

2
PRISMA+

Detector Lab
�e Deep Underground Neutrino Experiment (DUNE) aims to unlock the mys-

tery of neutrinos. One of the major goals is to measure the CP-violating phase

of the neutrino mixing matrix for which the DUNE near detector (ND) is cru-

cial. A leading role in measuring neutrino interactions in the ND will be �lled

by the high-pressure gaseous argon TPC. A sampling ECAL based on plastic

scintillators with SiPM readout is surrounding the TPC (ND-GAr). In this talk,

optimized geometries are considered for the ND ECAL motivated by external

boundary conditions and the beam-on-target nature of DUNE. A second focus

will be on the readout of the ECAL’s scintillator strips trying to e�ciently use the

available space and optimizing the light output.

T 59.3 Wed 16:45 T-H18
Plastic Scintillator and Light Guide Research and Development— ∙Patrick
Deucher— Johannes Gutenberg Universität Mainz

Plastic scintillators are broadly used in physics experiments for the detection

of particles and electromagnetic radiation. With tunable emissive properties

and a �uorescent decay time of a few ns, plastic scintillators are a solid option

that can be tailored to individual applications. First steps for the production

and optimization of polystyrene based plastic scintillators have been taken at

the Johannes Gutenberg University in Mainz. �is includes the puri�cation of

styrene, the addition of di�erent �uorophores and thermal polymerization. In

cooperation with Tübingen, we develop dedicated active light guides for use with

large SiPM arrays. Moreover, plastic scintillators with optimized capability for

pulse-shape discrimination are investigated for use in the ECAL of the DUNE

Near Detector.�is talk will present the progress on plastic scintillator produc-

tion and characterization including absorption, emission and lifetime measure-

ments of �rst samples.�is work is supported by funds of the Excellence Cluster

PRISMA+.

Group Report T 59.4 Wed 17:00 T-H18
ANNIE: �e Accelerator Neutrino Neutron Interaction Experiment —
∙Marc Breisch for the ANNIE-Collaboration — Physikalisches Institut, Eber-

hard Karls Universität Tübingen

�e Accelerator Neutrino Neutron Interaction Experiment (ANNIE) is a 26-

ton gadolinium doped water Cherenkov detector situated on-axis of the Booster

Neutrino Beam (BNB) at FermiLab. Its main goal is to measure the �nal state

neutron multiplicity of neutrino-nucleus interactions to improve the systematic

uncertainties of next-generation long baseline neutrino experiments. An addi-

tional milestone will be the deployment of the �rst Large Area Picosecond Pho-

todetectors (LAPPD).�ese novel detectors will feature a time resolution less

than 100 picoseconds and a spatial accuracy of a fewmillimetres, thus improving

the track reconstruction capabilities of the detector.�is talk will give a general

overview of ANNIE including an update on the currently running Phase Two as

well as an upcoming expansion using Water based Liquid Scintillator (WbLS).

T 59.5 Wed 17:20 T-H18
Water-based Liquid Scintillators in ANNIE — Daniele Guffanti

2
, David

Maksimovic
1
, ∙Michael Nieslony

1
, and Michael Wurm

1
for the ANNIE-

Collaboration —
1
Johannes Gutenberg-Universität Mainz, Germany —

2
Università degli Studi di Milano Bicocca, Italy

�e Accelerator Neutrino Neutron Interaction Experiment (ANNIE) is a

Gadolinium doped water Cherenkov detector located in the Booster Neutrino

Beam at Fermilab with the primary goal of measuring the �nal state neutron

multiplicity of neutrino-nucleus interactions. A future phase of the experiment

will explore the bene�ts of using the novel detection medium of Gadolinium-

dopedWater-based Liquid Scintillators (GdWbLS) in a neutrino beam environ-

ment by placing a small vessel within the current detector. GdWbLS aims to

combine the advantages of liquid scintillator and water Cherenkov detectors by

accessing directional information from the Cherenkov light and simultaneously

using the scintillation signal to infer additional calorimetric event properties, es-

pecially with respect to lower-energy hadronic recoil signals.�e following talk

will highlight the expected improvements for the neutrino energy reconstruc-

tion in beam events for GdWbLS as a target material in comparison to a more

conventional water detection volume based on simulation studies.

T 59.6 Wed 17:35 T-H18
Overview of the ESSíSB Conceptual Design— ∙Tamer Tolba— Institut für
Experimentalphysik, Universität Hamburg, Hamburg - Germany

In the search for the CP-violation in the leptonic sector, crucial information has

been obtained from neutrino experiments. �e measurement of the third neu-

trino mixing angle, θ13, opened the possibility of discovering the Dirac leptonic
CP violating angle, δCP , with intense "super" neutrino beam experiments. In the
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light of these new �ndings, an urgent need has arisen to improve the detection

sensitivity of the current long-baseline detectors, considering proton driver at

MW scale with MegaTon scale detector, with a key modi�cation to place the far

detectors at the second, rather than the �rst, oscillation maximum.

�e European Spallation Source neutrino Super Beam (ESSíSB) aims to ben-
e�t from the high power of the ESS, LINAC in Lund-Sweden, to produce the

world’s most intense second-generation neutrino beam, enabling measurement

to be made at the second oscillation maximum. Assuming a ten-year exposure

with �ve-years running in neutrino- and �ve-years in antineutrino-mode, CP-

violation could be established with a signi�cance of 5σ over more than 70% of
all values of δCP . With the current design-study program of the experiment is
coming to its successful end, with the production of the CDR, an overall sta-

tus of the project will be presented.�e technical aspects on the current design

study programs running within the collaboration and the physics potential of

the experiment will be presented, as well.

T 60: Top Quarks: Decay and CP Violation and Mixing Angles
Time: Wednesday 16:15–18:30 Location: T-H19

T 60.1 Wed 16:15 T-H19
Tagging of Boosted Leptonically Decaying Top Quarks Using Convolutional
Neural Networks — ∙Hala Elhag, Soham Bhattacharya, and Isabell
Melzer-Pellmann—DESY, Hamburg, Germany

�e study of boosted top quarks is very important for probing a wide variety of

new physics models. �e use of machine learning techniques for tagging lep-

tonically decaying boosted top quarks has not yet been explored as extensive as

the hadronic decay channel. In this study, we utilize an image based machine

learning technique for tagging highly boosted leptonically decaying top quarks.

Jet images – representing the energies of jet constituents displayed in the form of

a grid of pixels – are used as inputs to our convolutional neural network (CNN)

based tagger. �is talk will discuss the details of the jet formation, jet prepro-

cessing and the CNNs, and a few promising preliminary results will be shown.

T 60.2 Wed 16:30 T-H19
Studies for the search for t → Zc transitions via interference e�ects —
∙Lucas Cremer, Johannes Erdmann, Roni Harnik, Jan Lukas Späh, and
Emmanuel Stamou— TU Dortmund University, Department of Physics

Exclusion limits for anomalous �avour-changing neutral currents (FCNC) are

typically set by searching for two-body decays of the top quark, which are

quadratic in the new physics (NP) coupling.�e limits are constantly improved

by new data, but the sensitivity to small couplings could be enhanced by an al-

ternative approach. �is approach takes advantage of the interference between

the FCNC and the Standard Model (SM) contributions. �e focus of this work

is to access the experimental feasibility of this idea.

Concretely we investigate the three-body decay t → bb̄c in the presence of
an anomalous t − Z − c coupling. In the SM, this process proceeds through the
emission of aW boson, while the FCNC diagram contains an intermediate Z
boson.�e two contributions interfere.�e dominant contribution of the inter-

ference is in the restricted kinematic region in which both intermediate bosons

are onshell. In this region, both the SM and the pure FCNC contribution are sup-

pressed by the small width of the gauge bosons, which enhances the impact of the

interference contribution. Because the interference scales linearly with the NP

coupling constant, while the pure FCNC contribution scales with the coupling

constant squared, an analysis of events in this region can potentially improve the

sensitivity to small coupling constants.

T 60.3 Wed 16:45 T-H19
Search for FCNC-couplings between the top-quark and the Higgs-boson
in dilepton �nal states — ∙Marvin Geyik
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Flavor-changing neutral current interactions are strongly suppressed in the Stan-

dard Model. Still, some extensions of the Standard Model predict tree-level

FCNC-couplings between the top quark, other up-type quarks and neutral

bosons, including the Higgs boson.�ese anomalous couplings can be parame-

terised in the framework of e�ective �eld theories (EFT).�e presented analysis

searches for the production of a single top-quark in association with a Higgs bo-

son and for top-quark-antiquark production with one of the top quarks decaying

to an up quark or a charm quark and a Higgs boson. Higgs decays to WW*, ZZ*

and two taus leading to leptonic �nal states are considered in the event selection.

Two analysis channels are de�ned: one with two leptons (electrons or muons) of

the same electric charge and a second channel with three leptons. �is talk fo-

cuses on advancements in the dilepton �nal state.�e sensitivity of the analysis

in setting limits to relevant coe�cients of EFT operators will be presented.

T 60.4 Wed 17:00 T-H19
Search for �avour-changing neutral current couplings between the top-quark
and the Higgs boson in the H → bb̄ decay channel and the tri-lepton �-
nal state with the ATLAS detector at the LHC — ∙Oliver Thielmann1
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A search for �avour-changing neutral current (FCNC) couplings between the

top-quark and the Higgs boson in the H → bb̄ decay channel and the tri-lepton
�nal state is presented.�e search for FCNC couplings in the top-quark-Higgs-

boson sector is a promising search for a theory beyond the SM. Proton-proton

collision data produced by the LHC at a centre-of-mass energy of $s = 13 TeV
and collected by the ATLAS experiment during 2015, 2016, 2017 and 2018, and

corresponding to an integrated luminosity of 139 f b−1, are used. Data is anal-
ysed in di�erent �nal states, characterised by the number of isolated electrons

or muons, missing transverse energy and the number of jets where either three

(forH → bb̄) or one (for tri-lepton �nal state) of them are identi�ed as b-jets. A
machine learning analysis based on neural networks is conducted to improve

the discrimination between the signal and the backgrounds. Preliminary re-

sults, interpreted in the context of an e�ective �eld theory for FCNC, are pre-

sented, where additional exclusion limits on the qtH e�ective coupling are de-

rived.

T 60.5 Wed 17:15 T-H19
Search for charged lepton �avour violation in top-quark production and
decay with the ATLAS experiment at 13 TeV — Markus Cristinziani
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In the Standard Model (SM) with massless neutrinos, the �avour of charged lep-

tons cannot be altered in weak interactions. However, the observed neutrino

oscillations allow for charged lepton �avour violating (cLFV) processes, even

though highly suppressed. Hence, experimental evidence of such rare processes

would provide signs of new physics beyond the SM.

Investigations targeting a direct search for cLFV will be presented using

proton–proton collision data collected by the ATLAS detector between 2015 and

2018 at$s = 13 TeV. Decays of a top quark into a pair of opposite-sign di�erent-
�avour (OSDF) leptons and an up-type quark, as well as single top-quark pro-

duction in association with an OSDF dilepton pair, are examined. �us, be-

sides the top-quark decay channel, the single top-quark production channel is

included, providing additional sensitivity. For signal-discrimination purposes, a

multivariate discriminant, namely a boosted decision tree, is implemented and

optimised.

T 60.6 Wed 17:30 T-H19
Measurement of CP violation in B0

s → D+
s D

−
s and B0 → D+D− decays with

the LHCb experiment — ∙Louis Gerken, Philipp Ibis, and Antje Mödden

— Experimentelle Physik 5, TU Dortmund

At the LHCb experiment, time-dependentmeasurements ofCP violation are per-
formed to test the Standard Model of particle physics. �e decays B0

s → D+
s D

−
s

and B0 → D+D−
give access to the CP violation parameters ϕs and sin(2β).

In these decays of neutral mesons, CP violation arises in the interference of the
direct decay and the decay a�er mixing. Due to the similarities of the decays,

a time-dependent CP violation measurement is performed in parallel for both
decays.

In this talk, the current status of these measurements will be presented. �e

analysis uses data collected by the LHCb detector during 2015 to 2018 at a centre-

of-mass energy of 13TeV corresponding to an integrated luminosity of 6 fb
−1
.

T 60.7 Wed 17:45 T-H19
Search for B0

s → D∗+D∗−B0
s → D∗+D∗−B0
s → D∗+D∗− andCPCPCP violation studies in B0

d → D∗+D∗−B0
d → D∗+D∗−B0
d → D∗+D∗− with the

LHCb experiment— SophieHollitt, Philipp Ibis, ∙Jan Langer, and Antje
Mödden— Experimentelle Physik 5, TU Dortmund

At the LHCb experiment, precision measurements are performed to search for

physics beyond the Standard Model. For this purpose, e.g. searches for unob-

served decays and measurements of their branching fractions or measurements

of CP violation in decays of neutral B mesons are carried out.
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�e primary aim of this analysis is to observe the decay B0
s → D∗+D∗−

. Be-

sides, the branching fraction ismeasured relative to the decayB0
d → D∗+D∗−

. By

measuring the relative branching ratio, dominant systematic uncertainties cancel

out. Further, an angular and decay-time dependent CP violation measurement
is performed in the B0

d → D∗+D∗−
decay, which allows the measurement of the

parameter sin(2β).
In this talk, the current status of both analyses is presented using the full data

set of the LHCb experiment corresponding to an integrated luminosity of 9 fb
−1
.

T 60.8 Wed 18:00 T-H19
Measurement of the CKM mixing angle γ with B0

s → D∓
s K

± decays at the
LHCb experiment — ∙Quentin Führing and Kevin Heinicke — Experi-

mentelle Physik 5, TU Dortmund

In the Standard Model of particle physics the quark mixing matrix is expected

to be unitary. To test this unitarity, the properties of the unitarity triangles are

constrained.�e mixing angle γ is such a property of interest.
To constrain themixing angle γ, precise decay-time-dependentmeasurements

ofCP violation in B0
s → D∓

s K
±
decays can be used. With an excellent decay-time

resolution and a large number of B0
s decays, the LHCb experiment provides the

necessary data for this measurement.

In this talk a decay-time-dependent analysis aiming tomeasure γ is presented.
Data corresponding to an integrated luminosity of 6 fb

−1
recorded by the LHCb

experiment from 2015 to 2018 at a centre-of-mass energy of 13TeV are used for

this analysis.

T 60.9 Wed 18:15 T-H19
Measurement of CP violation in B0 → ψK0

S decays with the LHCb experi-
ment—Vukan Jevtic, PatrickMackowiak, and ∙GerwinMeier— Exper-

imentelle Physik 5, TU Dortmund

Precision measurements of parameters of the Standard Model are important

methods for tests of the Standard Model. One excellent parameter to measure

is the CKM angle β, where the golden mode is B0 → J/ψK0
S due to the dom-

inant contributions of tree-level amplitudes. With new reconstruction types of

the K0
S and the combination of di�erent decay channels it is possible to increase

the statistical sensitivity in themost precisemeasurement of this quantity to date.

In this talk the current status of the time-dependent sin(2β) measurement in
the decays B0 → J/ψ(→ ℓℓ)K0

S (→ π±π∓) with ℓ = e, μ and B0 → ψ(2S)(→
μμ)K0

S (→ π±π∓) will be presented, where the full LHCb Run II dataset from
2015 to 2018 corresponding to 6 fb

−1
is used.

T 61: Higgs Boson: Decay in Bosons
Time: Wednesday 16:15–18:15 Location: T-H20

T 61.1 Wed 16:15 T-H20
E�ective Field�eory interpretation of the pp → H → 4ℓHiggs boson decay
measurements with the ATLAS detector— ∙Alice Reed, Sandra Kortner,
and Hubert Kroha — Max Planck Institut für Physik (Werner-Heisenberg-

Institut), München

An important process for the measurement of the Higgs boson properties is the

Higgs boson decay into two Z bosons, which subsequently decay into a μ+μ− or
an e+e− pair, pp → H → 4ℓ. In the Standard Model (SM), the Higgs boson is
predicted to be a spin-0 particle with a positive CP quantum number. �is hy-

pothesis is also favoured by the Run-1 data at the LHC. Still, small admixtures of

anomalous and possibly also CP-violating couplings with non-SM tensor struc-

ture are not yet excluded.

Such deviations from the SM can be described within the e�ective �eld the-

ory (EFT) framework in which the SM is extended by the addition of higher-

dimensional operators. In this talk, the EFT interpretation of the measured

Higgs boson properties in the 4-lepton decay channel is presented, allowing

constraints on several EFT parameters to be determined. Particular emphasis

is given to the impact of the these EFT parameters on the acceptance of the four-

lepton event selection criteria, which needs to be taken into account in addition

to the EFT e�ects on the production cross section and branching ratio.

T 61.2 Wed 16:30 T-H20
Measurement ofH →WW∗ Decays in the ℓíqq Final State with a Large-R Jet
— ∙JohannesHinze, KarstenKöneke, and BenedictWinter—Universität

Freiburg

�e talk presents a study of H → WW∗
decays at large transverse momenta

(pT(H) > 200GeV) with one leptonic (W → μí orW → eí) and one hadronic
W boson decay, where the experimental signature of the hadronicW boson de-

cay is a large-R jet. �e lepton provides means to e�ciently trigger event can-

didates and to eliminate background events in particular from multijet events.

Further background events, primarily from W+jets events, can be suppressed
viaW-boson taggers for large-R jets.�e measurement bene�ts from the larger
branching fraction in comparison with ℓíℓí �nal states, and from the reduced
background levels for large transverse momenta. �e measurement will con-

tribute signi�cantly in an area of the phase space that is considered particularly

sensitive to possible BSM e�ects.

T 61.3 Wed 16:45 T-H20
Multivariate Techniques for Measurement of Higgs Bosons inH →WW∗ →
eíμí Decays at ATLAS — ∙Ahmed Markhoos, Benedict Winter, and

Karsten Köneke—University of Freiburg

Since its discovery, the Higgs Boson has been studied in detail at the LHC.�e

H → WW∗ → eíμí channel o�ers sizeable signal and moderate background
yields enabling accurate measurements of the total cross-section and of di�eren-

tial cross-sections.�e measurements for gluon-fusion production are generally

dominated by systematic uncertainties except in the sparsely populated regions

of the phase space such as at large transverse momenta.

�e talk showcases deep neural networks (DNN) that can enhance the sig-

nal purity with respect to the current cut-based selection reducing systematic

uncertainties from backgrounds and statistical uncertainties. Additionally, a re-

gression DNN is presented that determines the Higgs Boson transverse momen-

tum, which is elusive due to the presence of neutrinos, and required to measure

simpli�ed template cross-sections (STXS).

T 61.4 Wed 17:00 T-H20
Search for Di-Higgs production in the bbγγ �nal state with the ATLAS de-
tector — ∙Florian Beisiegel, Jochen Dingfelder, and Tatjana Lenz —
Physikalisches Institut, Uni Bonn

�e discovery of the Higgs boson in 2012 was a great success of modern par-

ticle physics since it served as a proof of the Higgs mechanism introduced in

1964. One focus of the current particle physics experiments at the LHC is the

measurement of the Higgs properties, such as its coupling strengths to funda-

mental particles. In addition to the coupling of the Higgs boson to fermions and

gauge bosons, the Higgs mechanism predicts Higgs self-coupling. �e triple-

Higgs self-coupling can be measured in di-Higgs (non-resonant) production.

Di-Higgs analyses also facilitate the search for new heavy particles that decay to

two Higgs bosons (resonant production).

�is talk presents a search for di-Higgs production in the bbγγ �nal state us-
ing 139 fb

−1
of proton-proton collisions at 13 TeV recorded with the ATLAS de-

tector.�e analysis aims to measure the non-resonant SM di-Higgs production

cross section and the Higgs self-coupling as well as search for resonant di-Higgs

production.�e focus is put on studies to improve the limits on the non-resonant

production cross-section using a 2D �t in mγγ and mbb .

T 61.5 Wed 17:15 T-H20
Search for non-resonant Higgs boson pair production in the bbWW �-
nal state with leptonic W boson decays at the CMS experiment — Martin

Erdmann, ∙Peter Fackeldey, Benjamin Fischer, and Dennis Noll — III.
Physikalisches Institut A, RWTH Aachen University

�e measurement of the Higgs boson pair production is a direct test of the elec-

troweak symmetry breaking in the standard model of particle physics (SM) with

direct access to the shape of the Higgs potential.

�e cross section of the Higgs boson pair production is about a factor of a

thousand smaller than that of a single SM Higgs boson, making it a highly chal-

lenging search. Physics-inspired deep learning techniques are leveraged for the

signal extraction and the control over overwhelming backgrounds, mainly from

the top pair production and Drell-Yan processes.

�e expected sensitivity of the search for HH→ bbWlepWlep is presented for

the data-taking periods 2016, 2017, and 2018 of the CMS experiment.

T 61.6 Wed 17:30 T-H20
Search for non-resonant di-Higgs production in the semi-leptonic bbWWde-
cay channel at the CMS experiment—Martin Erdmann, Peter Fackeldey,

Benjamin Fischer, and ∙DennisNoll—III. Physikalisches Institut A - RWTH
Aachen University

A measurement of the di-Higgs boson production can directly determine the

trilinear Higgs coupling and probe the structure of the Higgs potential.

We present a search for Higgs boson pair production with one Higgs boson

decaying into b quarks and the other Higgs boson decaying intoW bosons, with

one W boson decaying leptonically.

�e central challenge of this analysis is a tiny signal among a large amount

of background. We approach this task with a Deep Neural Network driven

Physics Process Multi-Classi�cation. It utilises a physics motivated architecture,

the Lorentz-Boost Network, in conjunction with a Residual Neural Network.

We present expected limits corresponding to the data recorded at the CMS

experiment in Run 2.
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T 61.7 Wed 17:45 T-H20
Search for non-resonant Higgs boson pair production in the bb̄bb̄ �nal
state with the CMS Experiment — Martin Erdmann, Peter Fackeldey,

∙Benjamin Fischer, and DennisNoll— III. Physikalisches Institut A, RWTH
Aachen University

�e non-resonant Higgs boson pair production enables probing the shape of

the Higgs potential, in particular the triple Higgs self coupling λhhh. �e decay
channel with the highest branching ratio of ∼ 1/3 has a four-b-quark �nal state.
�is phase space is dominated by QCD-processes, which are challenging to

model using Monte Carlo samples. A data-driven modeling is implemented

through a Neural Network based reweigthing from a sideband region into the

signal region. �rough a Neural Network based multi-classi�cation both Di-

Higgs production modes, gluon- and vector-boson-fusion, are separated from

background processes for the statistical inference.

T 61.8 Wed 18:00 T-H20
Search for non-resonant Higgs boson pair production in lepton+jets �nal
states of the bbWW decay mode at CMS — ∙Mathis Frahm, Johannes

Haller, Matthias Schröder, and Artur Lobanov — Institut für Experi-

mentalphysik, Universität Hamburg

�e Higgs boson self-coupling is an important parameter of the StandardModel,

since it is related to the shape of the Higgs potential. At the LHC, this param-

eter can be probed by measuring the Higgs boson pair production (HH) cross

section. In the Standard Model, HH production occurs in processes via Higgs-

boson self-coupling and in processes with a fermion loop. Due to destructive

interference of these two contributions, the resulting production cross section is

small, amounting to only 33 fb at 13TeV.

In this talk, a search for HH production in lepton+jets �nals states of the

bbWW decay mode is presented.�e analysis is performed on data recorded by

the CMS experiment during LHC Run 2 at a center-of-mass energy of 13TeV,

which corresponds to an integrated luminosity of 137.2 fb
−1
.�e analysis utilizes

a deep neural network to classify between signal and di�erent background cate-

gories. Exclusion limits on the production cross section are derived as a function

of the Higgs boson self-coupling strength to set constraints on this parameter.

T 62: Higgs Boson: Extended Models 2
Time: Wednesday 16:15–18:30 Location: T-H21

T 62.1 Wed 16:15 T-H21
Combined measurements of Higgs boson production and interpretation in
the context of twoHiggs doublet models at the ATLAS experiment— ∙Birgit
Stapf—Universität Hamburg/DESY, Hamburg, Germany

�e discovery of theHiggs boson in 2012 is the latest big success story of the Stan-

dardModel of particle physics (SM). Although this discovery formally completes

the SM, it is not an end to all questions on the matter.�ere are many observa-

tions and phenomena that the SM is unable to explain, and it is clear that there

must be Beyond the StandardModel (BSM) physics. However, the lack of discov-

eries of (BSM) particles since 2012 puts particle physics at a cross-roads: there

are many ways forward, posed by many di�erent BSM theories, but it is unclear

which one is likely to be successful as a description of reality. High precision

measurements of the Higgs bosons’ properties and its couplings help to guide

the way: any measured deviation from the SM predictions indicate the existence

of BSM physics and may even point at speci�c theories. To unlock the full po-

tential of suchmeasurements, the results from analyses of several di�erent Higgs

production processes and decays are combined.�is talk covers the latest Higgs

combination results from ATLAS using up to 139 fb
−1
of pp-collision data with

$s=13 TeV, focussing in particular on the measurement of inclusive production
cross-sections and the interpretation in terms of speci�c BSM models, such as

two Higgs doublet models.

T 62.2 Wed 16:30 T-H21
Search for charged Higgs bosons in the H+ → Wh → qqbb decay channel—
∙Shubham Bansal, JochenDingfelder, and Tatjana Lenz—Physikalisches
Institut, Universität Bonn

A�er the discovery of the Higgs boson at a mass of 125 GeV, the last missing

piece of the Standard Model (SM) might be found. On the other hand, various

theories beyond the SM predict additional Higgs bosons, one of which could be

the found Higgs boson at 125 GeV. One such example is the two-Higgs-Doublet

Model (2HDM) that features an extended scalar sector including the existence

of charged Higgs bosons (H+
). �e observation of such a charged scalar par-

ticle would clearly indicate physics beyond the SM.�e H+
production mech-

anism depends on its mass (mH+ ) and for mH+> mt+mb , the leading H
+
pro-

duction mode is the associated production with a top and a bottom quark via

дд → tbH+
. In the alignment limit for 2HDM, the dominant decay mode is

H+ → tb. However, in models like N2HDM and the Georgi-Machacek (GM)
model, it is possible to obtain a sizable branching ratio for H+ →Wh.
�is talk presents a search for charged Higgs bosons in H+ → Wh → qqbb

decays.�e recent developments of the analysis strategy will be discussed, which

include the use of boosted decision trees to reconstruct theH+
, data-driven cor-

rections to improve the modeling of the main background, t t̄, the de�nition of
signal-enriched and -depleted regions, and a �rst estimate of the expected sen-

sitivity using the full Run-2 ATLAS dataset.

T 62.3 Wed 16:45 T-H21
Search for a charged Higgs Boson decaying to cs in the low mass region with
the ATLAS detector at $s = 13 TeV— Jochen Dingfelder, Tatjana Lenz,
and ∙ChristianNass—Physikalisches Institut, Universität Bonn, Deutschland
In the Standard Model (SM) electroweak symmetry breaking (EWSB) is intro-

duced by a single complex scalar �eld. �e consequence is the prediction of a

scalar, neutrally charged particle, the Higgs Boson, which was discovered at the

LHC in 2012 at the LHC. A simple extension of the SM is to introduce EWSB

through two complex scalar �elds. Such two-Higgs doublet models (2HDM) are

attractive because they o�er the opportunity to include additional CP violation

in the SM, which is needed for explaining baryogenesis. 2HDMs feature 3 neu-

tral and 2 charged Higgs bosons. Observation of such a charged scalar would be

a striking signal for physics beyond the SM.

In the lowmass region, i.e. m±
H <mt , the dominant productionmode is by a tt

pair with one t-quark decaying to H±b. At low masses, the search for H± → cs
decays is promising, as suggested in several theory papers.�is talk will present

background estimates, data-driven MC corrections and usage of c-tagging to

de�ne signal enriched and depleted regions as well as the �rst estimate of the

expected sensitivity for the H± → cs search with the full Run-2 ATLAS dataset
recorded at a center-of-mass energy of 13 TeV.

T 62.4 Wed 17:00 T-H21
Search for A → ZH → íí̄bb̄ at $s = 13 TeV with the ATLAS detector —
∙Ilia Kalaitzidou, Tetiana Moskalets, and Spyridon Argyropoulos —

University of Freiburg

�e extension of the scalar SMHiggs sector, as described in the Two Higgs Dou-

bletModels (2HDMs), could lead to a cosmological �rst order electroweak phase

transition, which is necessary to explain the origin of the matter-antimatter

asymmetry in the early Universe. �e existence of a second Higgs doublet re-

sults in �ve physical scalar �elds, two charged (H±
), a CP-odd (A) and two CP-

even (h and H) neutral �elds. A strong electroweak phase transition favours a
heavy CP-odd scalar state A, together with a large mass splitting between the
CP-odd A and CP-even H scalars. In this scenario, the A → ZH decay becomes
dominant. In the present work, the A → ZH decay is investigated, with the H
boson decaying to a pair of b-quarks and the Z boson decaying to neutrinos.
�e Z → íí̄ decay is examined, because of the expected increased sensitivity
for large A masses.�e optimisation studies for the A → ZH → íí̄bb̄ analysis
are presented, along with the expected exclusion in themH −mA plane, covering
a previously unexplored region.

T 62.5 Wed 17:15 T-H21
Search for A → ZH → ℓℓt t̄ at $s = 13 TeV with the ATLAS detector —
∙RomanKuesters, TetianaMoskalets, and SpyrosArgyropoulos—Uni-

versity of Freiburg, Freiburg im Breisgau, Germany

�e generation of the matter-antimatter asymmetry in the universe is one of the

biggest open questions that require physics beyond the Standard Model. An at-

tractive explanation is provided by the electroweak baryogenesis models, which

require the addition of a second Higgs doublet, giving rise to �ve Higgs bosons:

a light (heavy) CP-even Higgs h(H), a CP-odd one (A) and two charged ones
(H±). A necessary requirement for baryogenesis is a largemass splitting between
the heavyCP-odd andCP-even Higgs bosons, which makes the A → ZH decay
dominant.

�is talk presents a search for the A → ZH → ℓℓt t̄ process, targeting the
phase space with mH > 350 GeV, which has not been explored so far. �e talk

will discuss the optimisation of the event selection and the sensitivity expected

to be achieved with the full Run 2 ATLAS data.
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T 62.6 Wed 17:30 T-H21
Search for heavy Higgs bosons in the Ztt̄ �nal state with CMS — ∙Daniel
Christian Hundhausen, Ksenia de Leo, Yannick Fischer, Johannes

Haller, and Matthias Schröder — Institut für Experimentalphysik, Uni-

versität Hamburg

Since its discovery in 2012 the properties of the Higgs boson at 125 GeV have

been studied extensively, con�rming a standard model like behavior. However,

the observed resonance might well be part of an extended Higgs sector, which

is predicted in various scenarios of new physics beyond the standard model.

Two Higgs Doublet Models (2HDM) provide a generic description of the phe-

nomenology arising in models with a second Higgs doublet. In this talk we will

investigate the hypothetical decay of a CP odd heavy Higgs boson A decaying
into a CP even heavy Higgs boson H and a Z boson, with the H decaying fur-
ther into a pair of top quarks. �is decay channel is particularly relevant in the

high mass and low tan(β) regime. We will present the strategy and status of
our analysis, targeting the fully hadronic t t̄ decay with the Z boson decaying to
μ+μ−.

T 62.7 Wed 17:45 T-H21
Search for heavyHiggs bosons in the Z+ t t̄ �nal states with CMS— ∙Yannick
Fischer, Ksenia de Leo, Johannes Haller, Daniel Hundhausen, and

Matthias Schröder— Institut für Experimentalphysik, Universität Hamburg

Since its discovery in 2012, the properties of the Higgs boson at 125 GeV have

been studied in numerous measurements. Within the uncertainties all results

suggest a Standard Model like behaviour. However, the observed boson might

well be part of an extended Higgs sector, which is predicted in various scenarios

of new physics beyond the standardmodel. TwoHiggs DoubletModels (2HDM)

provide a generic description of the phenomology arising in models with a sec-

ond Higgs doublet. In this talk we will investigate the hypothetical decay of a CP

odd heavy Higgs boson A decaying into a CP even heavy Higgs bosonH and a Z
boson, with theH decaying further into a pair of top quarks.�is decay channel
is particularly relevant in the highmass and low tan(β) .We will give an overview
about the parameter space with detailed phenomenological studies, the results of

the investigations of the kinematic properties of the decay products and present

�rst expected exclusion limits in the decay channel Z → μ+μ− and t t̄ → jets.

T 62.8 Wed 18:00 T-H21
Search for light pseudoscalar boson pairs produced from decays of the
125 GeV Higgs boson in �nal states with tau leptons — ∙Lakshmi Pramod
—DESY
An extended Higgs sector is well-motivated in several Beyond the Standard

Model theories. A vast set of models containing two Higgs doublets plus one

additional Higgs singlet complex �eld (2HD+1S) are consistent with SM mea-

surements, constraints from searches for additional Higgs bosons and supersym-

metry, as well as with the measured properties of the H(125) boson. �e Higgs

sector of the 2HD+1S models contains seven physical states: three CP-even, two

CP-odd and two charged bosons. In the context of these models, the H(125)

boson can decay into a pair of light pseudoscalar bosons (a1), which can subse-

quently decay to pairs of Standard Model particles.�ere exist scenarios where

a1 can have an enhanced decay rate to a pair of τ leptons. A search for a pair of
light bosons, a1, produced from decays of 125 GeV Higgs boson, each decaying

to a pair of τ leptons will be presented. �e search is based on proton-proton
collision data collected by the CMS experiment during Run 2 at a centre of mass

energy of 13 TeV, corresponding to an integrated luminosity of 138 fb
−1
. Model-

independent upper limits at 95% con�dence level on the 125 GeV Higgs boson

production cross-section times the branching fraction into the studied �nal state,

relative to the SMH(125) production cross-section, are set. Model-speci�c upper

bounds obtained as constraints on the parameter space of the di�erent bench-

mark scenarios within the 2HDM+S will also be presented.

T 62.9 Wed 18:15 T-H21
Search for a light CP-odd Higgs boson decaying into a pair of taus with AT-
LAS— ∙Jannik Friese, Tom Kresse, MaxMärker, WolfgangMader, and

Arno Straessner— IKTP, Dresden, Germany

Even though theoretical predictions of the SM are corresponding to experimen-

tal results to an incredible degree, there are still some phenomena unexplained,

for example the deviation of the measured anomalous magnetic moment, д − 2,

of the muon from SM calculations. �is deviation could be explained by the

�avor-aligned two-Higgs-doublet model (2HDM).�e introduction of a second

Higgs doublet leads to four additional Higgs bosons, one of which being CP-odd

and electrically neutral.�e muon д − 2 deviation is best explained with a light

CP-odd Higgs boson which couples nearly exclusively to top quarks and tau lep-

tons.�is talk presents the search of such a light CP-odd Higgs boson produced

via gluon fusion. �e decay into two tau leptons is analyzed by looking at one

electron and one muon in the �nal state.�e mass of the light Higgs boson is as-

sumed to be in the range between 40GeV and 90GeV.�e search is based on 139

fb
−1
of data collected by the ATLAS experiment at 13 TeV center of mass energy.

Before unblinding the signal region, background control regions are analyzed to

verify a good description of the data distributions. In particular, the transverse

momentum spectrum of the electrons and muons receives contributions from

QCD background which is not modeled well by Monte Carlo simulations. �is

talk focuses on the estimation of this source of background using a data driven

fake-factor method.

T 63: Search for New Particles 4
Time: Wednesday 16:15–18:30 Location: T-H22

T 63.1 Wed 16:15 T-H22
Search for a long-lived particle in b → s transitions at Belle II — ∙Sascha
Dreyer

1
and Torben Ferber

2
for the Belle II-Collaboration —

1
DESY, Ham-

burg, Germany —
2
ETP, KIT, Karlsruhe, Germany

�e Belle II experiment at the asymmetric e+e− SuperKEKB collider in Tsukuba,
Japan provides an ideal test bench for searches for light dark sectors, due to a

clean collision environment leading to low backgrounds.

A hypothetical new long-lived particle could serve as a portal to dark sectors.

�is particle could be produced in B-meson decays via b → s quark transitions
and decay to pairs of charged Standard Model particles. �e displaced vertex

signature can be reconstructed in case the particle decays within the tracking

detectors.

�is talk gives an overview of the search for such a new long-lived particle at

Belle II.�e sensitivity for di�erent lifetime and mass scenarios will be shown

together with work towards validating long-lived particle performance in data

using control samples.

T 63.2 Wed 16:30 T-H22
Study of e+e− → D±

s D
∗
s0(2317)

∓A process at Belle+BaBar — ∙Dmytro
Meleshko

1
, Elisabetta Prencipe

1,2
, Jens Soeren Lange

1
, and Ashish

Thampi
2
—

1
Justus-Liebig Univ. Giessen—

2
IKP-1, Forschungszentrum Juelich

�e present analysis is focused on the study of the e+e− → D±
s D

∗
s0(2317)

∓A pro-
cess in the continuum (A = anything else) combining the BaBar and Belle data

sets to cure problems of insu�cient statistics. �e main goal of this work is the

analysis of theD+
s D

∗
s0(2317)

−
invariantmass system to look for possible resonant

states with cc̄ss̄ quark content, and cross-section measurement. At the current
stage of the analysis, a preliminary study over MC samples and Belle data has

already been performed. �e acquired results contain intriguing sign of a pos-

sible state seen in the invariant mass distribution of the D±
s D

∗
s0(2317)

∓
system.

In addition, the analysis is opened to a potential perspective of measuring the

D∗
s0(2317)

±
width upper limit, which plays an important role in understanding

the nature of the D∗
s0(2317)

±
itself.

T 63.3 Wed 16:45 T-H22
Search for inelastic Dark Matter with a Dark Higgs at Belle II — ∙Patrick
Ecker, Torben Ferber, PabloGoldenzweig, and Jonas Eppelt for the Belle

II-Collaboration — Karlsruhe Institute of Technology, Karlsruhe, Germany

Although the StandardModel (SM) of particle physics describesmost of the phe-

nomena observed in our universe very well, there are still some observations

where the SM lacks to provide an explanation. One of these observations is the

presence of DarkMatter which is very well motivated. Nevertheless, it is still not

clear which particles make up this Dark Matter.

�is talk will present a sensitivity study based on Monte Carlo simulations

for a search for an inelastic Dark Matter model which involves the presence of

a Dark Higgs boson.�is model has a signature of up to two displaced vertices,

one from the resonant decay of the Dark Higgs and another non-resonant one

emerging from the decay of the involved Dark Matter particles.

T 63.4 Wed 17:00 T-H22
Search for B± → K±a(a → γγ)with promptly decayingALPs - AMonte Carlo
study — ∙LucasWeidemann, Pablo Goldenzweig, and Torben Ferber—

Institute of Experimental Particle Physics, Karlsruhe, Germany

Axion-Like-Particles (ALPs) are a well motivated extension to the Standard

Model. �ey are light, pseudoscalar particles which are dominantly interact-

ing with Standard Model gauge bosons. As a result ALPs can be produced in

a �avor-changing neutral current transition by its coupling дaWW to W bosons.
Subsequently, the ALP dominantly decays into two photons, which makes B± →
K±a(a → γγ) a promising process for measuring дaWW .
We use Monte Carlo simulation for analyzing this process by reconstructing

theBmeson and examining the invariant di-photonmass distribution.�e study
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is performed with ALPs in mass range 0.1-4.6 GeV/c
2
and zero lifetime.

An outline of our analysis as well as our current status are going to be pre-

sented in this talk.

T 63.5 Wed 17:15 T-H22
Sensitivity study in the Search for B± → K±a (displaced a → γγ) Decays at
Belle II— ∙AlexanderHeidelbach, PabloGoldenzweig, and Torben Fer-

ber—Institute of Experimental Particle Physics, Karlsruhe Institute of Technol-

ogy, Karlsruhe, Germany

In a set of extensions of the StandardModel, Axion Like Particles (ALPs) arise as

(pseudo) Nambu-Goldstone bosons of an additional spontaneously broken U(1)

symmetry. Due to constraints in �avour-changing processes, involving the cou-

pling of ALPs directly to Standard Model fermions and gluons, direct couplings

of ALPs to the electroweak gauge bosons are particularly interesting. As a result

of coupling toW bosons, ALPs can emerge in �avour-changing-neutral-current

b → s transitions. Depending on the ALP model, mass and the coupling to
photons possible signatures become probeable in B → Ka transitions which can
be studied at e+e− colliders like the Belle II experiment. I present a search for
B± → K±a, a → γγ with long-lived ALPs. We investigate the mentioned decay
based on a full Belle II Monte Carlo study. In this talk, I will show sensitivity

estimates established by the reconstruction of the B meson, an optimised candi-
date selection and a scan of the invariant di-photon mass spectrum for di�erent

ALP lifetimes.

T 63.6 Wed 17:30 T-H22
Dark Photon Searches at Future e+e− Colliders — ∙Sepideh Hosseini1,2,
Jenny List

2
, Mikael Berggren

2
, and Gudrid Moortgat-Pick

1,2
—

1
Universität Hamburg, Hamburg, Germany —

2
Deutsches Elektronen-

Synchrotron (DESY), Hamburg, Germany

�e dark photon (AD) is a hypothetical particle that can be possibly produced
through its kinetic mixing with the ordinary, visible photon.�e existence of ki-

netic mixing means that the two gauge bosons can transform into each other as

they propagate and this provides a link between the dark and visible sectors.�e

decay modes of the dark photon to the standard model charged fermions moti-

vate to look at AD → μ+μ− as signal.�e dark photon will have a speci�c mass
and hence, the invariant mass of the muon pair is the main observable to look

for the dark photon in the presence of standard model background. For this, we

evaluate the prospects to detect the dark photon and to determine the mixing

parameter for the example of the International Large Detector (ILD) concept at

the International Linear Collider (ILC).

T 63.7 Wed 17:45 T-H22
Investigation of Collider E�ects of Flavour Anomalies Using EFTs and Sim-
pli�ed Models — Philip Bechtle, Klaus Desch, Christian Grefe, and

∙Murillo Vellasco— Rheinische Friedrich-Wilhelms-Universität Bonn
�e Standard Model of particle physics (SM) is undoubtedly one of the most

successful scienti�c theories in history. Despite its overwhelming success, sev-

eral tensions with its predictions have been discovered in recent years, including

the measurements of the muon g-2 at Fermilab and rare B-decays at the LHC.

�e natural next step is to build even more powerful future colliders, but exactly

which combination of future experiments is best to investigate further these hints

is non-trivial.

�e most challenging possibility is a scenario where the energy scale of New

Physics is out of reach of direct discovery at future colliders.�erefore, our ap-

proach is to use the formalism of the Standard Model E�ective Field �eory

(SMEFT), performing scans over several operators which could perhaps explain

the hints of experimental deviations from the SM. Kinematic observables of col-

lider signatures can be directly a�ected by the presence of these operators, and

the optimal combination of future experiments would be the one that optimizes

the observation of these kinematic deviations. In this talk, we will discuss a pos-

sible strategy to choose the best combination of experiments given all current

measurements in the electroweak and the �avour sectors. Ideally, any strategy

for future colliders should aim for a ”no-lose” scenario, analogous to the situa-

tion for the approval of the LHC.

T 63.8 Wed 18:00 T-H22
Heavy neutrino search at LHCb — Martino Borsato, Rebecca Gartner,

and ∙MauriceMorgenthaler— Physikalisches Institut - Universität Heidel-

berg

Neutrino masses could be explained by the existence of heavy neutrinos. �ese

elusive particles might have escaped detection at previous experiments due to

their long lifetimes and low production rate. If their mass is in the range of a few

GeV, heavy neutrinos are produced copiously from the weak decays of beauty

hadrons and can be searched e�ectively at the world-brightest source of these

hadrons: the Large Hadron Collider (LHC). In this talk I will present an ongo-

ing search for heavy neutrinos produced in (semi)leptonic beauty-hadron decays

using the dataset collected by the LHCb experiment at the LHC.�e search strat-

egy relies on the heavy-neutrinomacroscopic lifetime and its decay to a pion and

a muon.�e sensitivity is maximised by targeting all beauty hadron species (in-

cluding strange and charmed B mesons) and using a partial reconstruction of

the decay.�e sensitivity of the search in comparison to other experiments will

be discussed.

T 63.9 Wed 18:15 T-H22
Search for Heavy Majorana Neutrinos in same-sign W Boson Scattering
— ∙Jonas Neundorf — Deutsches Elektronen-Synchrotron, Notkestraße 85,
22607 Hamburg

Among the open question of particle physics is the origin of neutrino masses.

While they are predicted to be zero by the Standard Model, oscillation measure-

ments have shown that at least two of the three neutrino �avours observed in

nature are massive.�ese masses can be explained by the ”Seesaw Mechanism”,

which introduces Majorana neutrinos with a mass on the TeV scale. For the �rst

time at the LHC, a search for HeavyMajoranaNeutrinos produced via same-sign

W boson scattering is performed. �is talk will discuss the discovery potential

and outline the analysis design.

T 64: Search for New Particles 5
Time: Wednesday 16:15–18:30 Location: T-H23

T 64.1 Wed 16:15 T-H23
Model Unspeci�c Search in CMS (MUSiC) — ∙Lorenzo Vigilante1, Arnd
Meyer

1
, ThomasHebbeker

1
, and Saranya SamikGhosh

2
—

1
III. Physikalis-

ches Institut A, RWTH Aachen, 52074 Aachen, Germany —
2
CERN, Experi-

mental Physics Department, Geneva, Switzerland

�e Model Unspeci�c Search in CMS (MUSiC) is a search for new physics be-

yond the standard model (BSM). �e analysis looks for signi�cant deviations

from the standard model (SM) expectation in LHC data. �e method of the

analysis is to compare kinematic distributions of the data with the SM expec-

tation in hundreds of di�erent �nal states, using an automated procedure. �is

strategy allows MUSiC to search for new phenomena in �nal states that are not

all covered by dedicated analyses in CMS. In this talk the general method and its

implementation will be discussed and results of the MUSiC analysis using 35.9

fb
−1
of data collected by the CMS experiment during proton-proton collisions at a

center of mass energy of 13 TeV will be presented.�e current status of the anal-

ysis and a possible new search method, based on machine learning technique,

will be described.

T 64.2 Wed 16:30 T-H23
Search for high mass lepton �avour violating processes with CMS —
∙Sebastian Wiedenbeck, Thomas Hebbeker, Arnd Meyer, and Swagata

Mukherjee— III. Physikalisches Institut A, RWTH Aachen University

Lepton �avour is a conserved quantity in the standard model of particle physics,

but it does not follow from an underlying symmetry. Neutrino oscillations imply

that lepton �avour is not conserved in the neutral sector. Lepton �avour vio-

lating processes are common in several models of physics beyond the standard

model (e.g. supersymmetry with R-parity violation, black hole production, and

leptoquarks). Some models predict objects at the TeV mass scale that can decay

into two standard model leptons of di�erent �avours: electron + muon, muon

+ tau, or electron + tau. �e challenges in a search for such phenomena are to

achieve a high mass resolution, good rejection of standard model backgrounds,

and e�cient lepton identi�cation at the same time. �e status of the analysis is

presented, based on the latest CMS data taken in Run 2.

T 64.3 Wed 16:45 T-H23
Search for new physics in the τ+MET �nal state with CMS — ∙Christoph
Schuler, KerstinHoepfner, ThomasHebbeker, and SwagataMukherjee

— III. Physikalisches Institut A, RWTH Aachen University

A search for newphysics in the τ+missing transversemomentum (MET) channel
is presented based on proton-proton collisions measured with the CMS detector

at the LHC, using the full Run-2 CMS data set recorded at a center of mass en-

ergy of 13 TeV.�e analysis strategy is discussed and the results are interpreted

in the context of variousmodels predicting enhancements to the StandardModel

in the high mass region.

T 64.4 Wed 17:00 T-H23
Interpreting the ATLAS missing-energy-plus-jets measurement for New
Physics— ∙MartinHabedank and Priscilla Pani—Deutsches Elektronen-

Synchrotron (DESY)
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�e large dataset of 139 fb
−1
of proton–proton collisions at 13TeV recorded with

the ATLAS detector allows for a precise measurement of events with large miss-

ing transverse momentum and at least one jet. In the Standard Model, this �nal

state can mostly be attributed to Z bosons being produced in association with
jets, with subsequent decay of the Z boson into neutrinos. By correcting for de-
tector e�ects, the measurement can thus make an important contribution to our

Standard Model understanding and modelling.

However, various questions that cannot be answered within the framework of

the Standard Model give rise to models predicting New Physics. Many of those

– in particular when incorporating a Dark Matter candidate – also give rise to

events with missing transverse momentum and one or more jets, rendering the

mentioned measurement a powerful handle in constraining these models.

�is talk gives insight into the approach taken by thementionedmeasurement

and progress on interpreting it with regard to New Physics models.

T 64.5 Wed 17:15 T-H23
Identi�cation of highly boosted Z → e+e− decays with the ATLAS detector—
Dominik Duda, ∙Florian Kiwit, Sandra Kortner, and Hubert Kroha—

Max-Planck-Institut für Physik

�e identi�cation ofW , Z and Higgs bosons with large transverse momenta is
crucial in many searches for new heavy resonances.�us far, the development of

algorithms for the tagging of boosted bosons focuses on the reconstruction and

identi�cation of hadronic boson decays, while no dedicated algorithm to iden-

tify boosted Z → e+e− decays exists.�e performance of the standard electron
reconstruction and identi�cation algorithms degrades with decreasing angular

separation between the e+e− pairs and will eventually vanish once the angular
separation between the e+e− pairs is too small to construct individual clusters in
the calorimeter. To improve the reconstruction and identi�cation of such highly

boosted Z → e+e− decays, a dedicated algorithm for Z → e+e− tagging is being
developed using a deep neural network. �is talk presents �rst results of this

development.

T 64.6 Wed 17:30 T-H23
Search for charged Higgs bosons in H+ → Wh → líbb decays with the AT-
LAS detector—Dominik Duda, ∙Simon Grewe, Sandra Kortner, and Hu-

bert Kroha—Max-Planck-Institut für Physik, München

Various theories predicting an extendedHiggs sector predict also the existence of

at least one set of chargedHiggs bosons.�emain productionmode of these new

particles depends on their mass. For charged Higgs bosonmasses larger than the

sum of the top and the bottom quark mass, the dominant production mode is

expected to be in association with a top quark and a bottom quark (tbH+
).

In the alignment limit of the two-Higgs-Doublet Model (2HDM), heavy

charged Higgs bosons with m(H
+
)>m(t)+m(b) decay almost exclusively via

H+ → tb. However, in other models such as the Next-to-two-Higgs-Doublet
Model (N2HDM), the three-Higgs-Doublet model (3HDM) or in Higgs triplet

models (e.g. Georgi-Machacek model), signi�cant branching ratios for H+ →
W+h are possible. �e latter decay mode has so far been covered neither by
ATLAS nor CMS.

We present �rst studies on the search for H+ →W+h → ℓíbb decays in �nal
states with the resolved topology containing �ve or more jets, one charged lep-

ton andmissing transversemomentum. Amulticlass classi�er is used to separate

the semileptonicH+ → líbb and fully hadronicH+ → qqbb decay modes from
the dominant background processes. �e reconstruction of the charged Higgs

boson decay is performed using boosted decision trees (BDTs).

T 64.7 Wed 17:45 T-H23
Status of the FASER Experiment — ∙Markus Prim and Florian Bern-

lochner— Rheinische Friedrich-Wilhelms-Universität Bonn

FASER, or the Forward Search Experiment, is a new experiment at CERN de-

signed to complement the LHC’s ongoing physics programme, extending its dis-

covery potential to light and weakly-interacting particles that may be produced

copiously at the LHC in the far-forward region. Newparticles targeted by FASER,

such as long-lived dark photons or dark scalars, are characterised by a signature

with two oppositely-charged tracks or two photons in the multi-TeV range that

emanate from a common vertex inside the detector. �e experiment is com-

posed of a silicon-strip tracking-based spectrometer using three dipole magnets

with a 20-cm aperture, supplemented by four scintillator stations and an electro-

magnetic calorimeter to allow for energy measurements. �e full detector was

successfully installed in March 2021 in an LHC side-tunnel 480 meters down-

stream from the interaction point in the ATLAS detector. FASER is planned to

be operational for the upcoming LHC Run 3. We will discuss the physics reach

of FASER, present the current status of the experiment and results from the on-

going in situ commissioning.

T 64.8 Wed 18:00 T-H23
Results from First Simulation Studies for a Dark Photon Search Experiment
at the ELSA Electron Accelerator— Philip Bechtle, Klaus Desch, Oliver
Freyermuth, MatthiasHamer, ∙Jan-EricHeinrichs, and Martin Schür-

mann— Rheinische Friedrich-Wilhelms-Universität Bonn
�e true nature of Dark Matter (DM) has long been of interest for scientists

worldwide. Previous searches have so far been unsuccessful in �nding proposed

DM particles. A promising and not well explored parameter space of light DM

particles up to 1GeV remains to be subjected to intense experimental testing.

Mainly two approaches are investigated by the community, namely beam dump

and �xed targets experiments.

�is talk highlights the future prospects of a �xed target experiment aimed at

�nding evidence for a dark sector, which couples to the standard model through

a dark photon.�e underlying theory and the resulting experimental challenges

and strategy will be explained. �e possibility of building a corresponding ex-

periment at the ELSA electron accelerator in Bonn is highlighted.�is talk cov-

ers �rst steps towards a Geant 4 simulation. Special emphasis will be put on

some �rst simulation results concerning the layout and technology for an elec-

tromagnetic calorimeter based on requirements on radiation hardness and re-

sponse times.

T 64.9 Wed 18:15 T-H23
Neutrino and Muon induced background studies - SHiP experiment —
∙Anupama Reghunath, Heiko Lacker, Andrew Conaboy, and Jakob

Schmidt for the SBT-Collaboration — Institut für Physik, Humboldt-

Universität zu Berlin, Berlin, Germany

�e Search for Hidden Particles (SHIP) experiment is proposed to be con-

structed at a dedicated beam-dump facility at the CERN Super Proton Syn-

chrotron (SPS) aiming to search for new feebly interacting particles generated

in the decay of heavy �avour hadrons or through interactions of photons in-

side the beam-dump target. During a period of �ve years, SHIP aims to col-

lect data from 2 ⋅ 1020 400 GeV/c protons on target.�e experimental design is
optimised to maximise the production of charm and beauty mesons with zero

background events to have the best sensitivity to hidden-sector particles. Sim-

ulation studies with emphasis on the neutrino and muon induced background

arising from inelastic interactions and its rejection using kinematical and topo-

logical requirements as well as information dedicated veto detectors, such as the

Surround Background Tagger, will be discussed.

T 65: Silicon Strip Detectors
Time: Wednesday 16:15–18:15 Location: T-H24

T 65.1 Wed 16:15 T-H24
Optical inspection of silicon strip sensors for the Phase-2 Upgrade of the
CMS Tracker— Anna Becker1, Christian Dziwok2, Lutz Feld1

, Patrick

Juraschitz
1
, Katja Klein

1
, Martin Lipinski

1
, Alexander Pauls

1
, Oliver

Pooth
2
, ∙Nicolas Röwert

1
, and Tim Ziemons

2
—

1
I. Physikalisches Institut

B, RWTH Aachen University, Germany—
2
RWTHAachen University - Physics

Institute III B, Aachen, Germany

During the Long Shutdown 3 the LHC will be upgraded to the High Luminos-

ity LHC with a planned instantaneous luminosity of at least 5 ⋅ 1034 cm−2
s
−1
.

For this purpose the current strip tracker of the CMS experiment will be en-

tirely replaced by a new system consisting of innovative silicon detector mod-

ules. RWTH Aachen University as one of the assembly centers is responsible for

manufacturing around 1000 so-called 2S modules, which are equipped with two

vertically stacked strip sensors having an active area of 10 ⋅ 10 cm2
.

During module production the inspection of the silicon sensors is crucial in or-

der to detect damage or contamination caused by the assembly process which

could seriously a�ect the successful operation of the module. For this purpose

an automated optical inspection setup has been developed. It consists of a 24

mega pixel camera equipped with a macro lens and an xy-stage.

�is talk presents the setup, the approach to detect damages, and results obtained

from images taken in the course of the assembly of a 2S module prototype fea-

turing preproduction sensors.

T 65.2 Wed 16:30 T-H24
Testing results of the latest Service Hybrid prototypes for CMS silicon
strip modules — Christian Dziwok

2
, Lutz Feld

1
, Katja Klein

1
, Mar-

tin Lipinski
1
, Daniel Louis

1
, ∙Alexander Pauls1, Oliver Pooth2

, Matej

Repik
1
, Nicolas Röwert

1
, Michael Wlochal

1
, and Tim Ziemons

2
—

1
1.

Physikalisches Institut B, RWTHAachen—
2
3. Physikalisches Institut B, RWTH

Aachen
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�e CMS Collaboration is developing silicon strip modules for the second phase

of the CMS tracker upgrade. �is upgrade will enable the CMS experiment to

utilize the high luminosity provided by the futureHL-LHC.�emodules’ Service

Hybrids are responsible for the sensor bias voltage and low voltage distribution

on the module and the data transmission via optical links to the back-end elec-

tronics. Multiple batches of Service Hybrid prototypes have been produced.�e

latest use the �nal ASIC set with its most recent available versions and materi-

als and geometries as foreseen in the detector. �e prototyping campaign and

present measurements of the hybrid performance are summarized. �e mea-

surements were performed with setups similar to the foreseen production test

system, which is also presented.

T 65.3 Wed 16:45 T-H24
Vermessung von Streifenmodulen für das CMS Phase-2 Tracker Upgra-
de bei Betriebstemperatur — Christian Dziwok

2
, Lutz Feld

1
, ∙Patrick

Juraschitz
1
, Katja Klein

1
, Martin Lipinski

1
, Alexander Pauls

1
, Oliver

Pooth
2
, Nicolas Röwert

1
, Michael Wlochal

1
und Tim Ziemons

2
—

1
1.

Physikalisches Institut B, RWTH Aachen —
2
RWTH Aachen University - Phy-

sics Institute III B, Aachen, Germany

Im Zuge des HL-LHC Upgrades im Long-Shutdown 3 (2025-2027) muss der

Silizium-Spurdetektor des CMS Experiments ausgetauscht werden. Das Phase-2

Outer TrackerUpgrade umfasst neueModule, welche aus zwei übereinander par-

allel ausgerichteten Sensoren bestehen. Diese ermöglichen es durch die Analyse

der Teilchendurchgänge bereits im Auslesechip eine Abschätzung des transver-

salen Impulses zu erhalten. Die relative Ausrichtung der Sensoren zueinander

beein�usst dabei maßgeblich die Qualität dieser Abschätzung. Die Alignierung

wird mittels doppelseitiger Metrology gemessen, wobei das Modul von zwei Ka-

meras betrachtet wird.

Der Phase-2 Spurdetektor soll bei einer Temperatur von -35
∘
C betrieben wer-

den. Daher ist das Verhalten der Module im Hinblick auf die Ausrichtung bei

Betriebstemperatur von besonderem Interesse.

Eswird einVerfahren präsentiert, welches es ermöglicht,Modulemit einer Kühl-

maschine zu kühlen und im Anschluss zu vermessen. Die Ergebnisse werden

mit Messungen bei Raumtemperatur verglichen, um mögliche Auswirkungen

der Temperatur auf die Ausrichtung der Sensoren zueinander nachzuvollziehen.

T 65.4 Wed 17:00 T-H24
Stress testing optical readout components forCMS2Smodules— ∙Christian
Dziwok

2
, Lutz Feld

1
, KatjaKlein

1
, Martin Lipinski

1
, Alexander Pauls

1
,

Oliver Pooth
2
, Nicolas Röwert

1
, and Tim Ziemons

2
—

1
I. Physikalisches

Institut B, RWTH Aachen University, Aachen, Germany —
2
RWTH Aachen

University - Physics Institute III B, Aachen, Germany

For the upcoming CMS Phase-2 Outer Tracker upgrade, new detector modules

will be installed. �ere are two general types of modules, one consisting of two

co-planar silicon strip sensors (2S) and one of a macro pixel and a strip sensor

(PS).�e communication and the auxiliary support are supplied by a so called

SErvice Hybrid (SEH) in case of a 2S module. At the RWTH Aachen Univer-

sity the SEHs are quali�ed regarding power and communication stability in a so

called test board setup, where the SEHs will undergo additional thermal cycling

while being tested.�is talk will focus on the data tests of this setup.

T 65.5 Wed 17:15 T-H24
Functional Testing of Silicon Sensor Modules for the CMS Experiment using
Infrared LED Arrays— ∙Roland Koppenhöfer1, Tobias Barvich1

, Bernd

Berger
1
, Justus Braach

2
, Alexander Dierlamm

1
, Ulrich Husemann

1
,

Markus Klute
1
, Gani Kösker

1
, Stefan Maier

1
, Thomas Müller

1
, Mar-

ius Neufeld
1
, Hans Jürgen Simonis

1
, Pia Steck

1
, and FlorianWittig

1
—

1
Institute of Experimental Particle Physics (ETP), Karlsruhe Institute for Tech-

nology (KIT) —
2
CERN

In the context of the Phase-2 Upgrade of the CMS experiment, the complete

CMS tracker will be replaced. �e new CMS Outer Tracker will consist of two

types of silicon sensor modules (PS and 2S modules). �ese modules are built

and tested for their full functionality at di�erent assembly centers. �e ETP is

one of the assembly centers for 2S modules. A dedicated test station for the elec-

trical characterization of 2S modules has been designed and built at ETP. Using

infrared LEDs it is possible to generate charge in the silicon sensors and test ev-

ery module channel.�is talk will present the test station developed at ETP and

summarize the functional test results of the newest 2S module prototypes.

T 65.6 Wed 17:30 T-H24
Assembly and Test Procedures of 2S modules for the future Outer Tracker of
the Phase-2 Upgrade of the CMS Experiment— ∙StefanMaier, Tobias Bar-

vich, Bernd Berger, AlexanderDierlamm, AlexanderDroll, Umut Eli-

cabuk, Jan-OleMüller-Gosewisch, Ulrich Husemann, Roland Koppen-

höfer, Markus Klute, Gani Kösker, Thomas Müller, Marius Neufeld,

Hans Jürgen Simonis, Pia Steck, Lea Stockmeier und FlorianWittig—

Institute of Experimental Particle Physics, Karlsruhe Institute of Technology

In preparation for the High Luminosity LHC, the entire tracker of the CMS ex-

periment will be exchanged within the Phase-2 Upgrade until 2027. �e new

outer tracker will be made of approximately 13000 silicon sensor modules cal-

led 2S modules (consisting of two parallel silicon strip sensors) and PS modules

(one pixel and one strip sensor combined in a module).�ese modules provide

tracking information to the Level-1 trigger by correlating the hit information of

both sensor layers and, thus, allowing to discriminate charged particles by their

transverse momentum. To guarantee successful operation of the CMS detector

at the HL-LHC, the production of the outer tracker modules has to ful�l strict

requirements.�e talk will summarize the various assembly and test concepts

for the large scale production of 2S modules and will present the latest module

prototypes.

T 65.7 Wed 17:45 T-H24
Integration Tests with 2S Module Prototypes for the Phase-2 Upgrade of the
CMS Outer Tracker — ∙Lea Stockmeier, Tobias Barvich, Bernd Berger,
Alexander Dierlamm, Alexander Droll, Umut Elicabuk, UlrichHuse-

mann, Markus Klute, Roland Koppenhöfer, Stefan Maier, Thomas

Müller, Jan-Ole Müller-Gosewisch, Marius Neufeld, Hans Jürgen Si-

monis, Gani Kösker, Pia Steck, and FlorianWittig— Institut für Experi-

mentelle Teilchenphysik (ETP), Karlsruher Institut für Technologie (KIT)

To deal with the increased luminosity of the HL-LHC, the CMS experiment will

be upgraded until 2027. During this Phase-2 Upgrade the CMS Outer Tracker

will be equipped with modules each consisting of two silicon sensors. Depend-

ing on the position in the tracker, these silicon sensors are pixel or strip sensors.

�e modules with two strip sensors are called 2S modules. In the barrel region,

they are placed on mechanical structures called ladders. A fully equipped ladder

contains twelve modules.

Within the prototyping phase of the 2S modules, laboratory and integration

tests are performed. �is talk summarizes the �rst integration test on a lad-

der performed with four modules at Institut Pluridisciplinaire Hubert CURIEN

(IPHC) in cooperation with KIT and laboratory tests performed at KIT.

T 65.8 Wed 18:00 T-H24
Commissioning of a Burn-In Setup for PS and 2S Detector Modules for the
Upgrade of the CMS Outer Tracker — ∙Ana Ventura Barroso, Katerina
Lipka, and Paul Schütze—DESY, Hamburg, Germany

�e high luminosity LHC Upgrade will increase the instantaneous luminosity

by a factor of �ve. �e CMS detector will be upgraded in the so called Phase-2

Upgrade in order to meet the new requirements, among others the level of ra-

diation tolerance and coping with larger pileup and thus higher data rates, as

well as to add triggering capabilities.�e entire silicon tracker will be replaced.

�e Outer Tracker (OT), consisting of macro-pixel and strip detectors, will be

based on silicon modules that must operate at low temperatures (−33∘ C) due to
the exposition at high radiation levels. �e probability for defective electronic

components to fail is higher a�er few hours of operation. Moreover, tempera-

ture cycles can induce mechanical stress.�erefore a burn-in procedure as well

as thorough quality control is needed to ensure the correct operation of each of

the OT modules before installation.

For this, a burn-in system is being commissioned at DESY. �is setup will

perform thermal cycles from room to operation temperature and key measure-

ments to ensure the good performance of the modules. In this talk, the status of

the DESY burn-in setup as well as �rst tests will be presented.

T 66: Semiconductor Detectors: Radiation Hardness, new Materials and Concepts 2
Time: Wednesday 16:15–18:30 Location: T-H25

T 66.1 Wed 16:15 T-H25
Study of the self-heating in SiPMs — ∙Carmen Victoria Villalba Petro,
Erika Garutti, Robert Klanner, StephanMartens, and Jörn Schwandt

—Universität Hamburg, Luruper Chaussee 149, 22761 Hamburg, Deutschland.

A dramatic increase of the dark current is the main e�ect of radiation damage

in SiPMs. �e power dissipated, if not properly cooled, heats the SiPM, whose

performance parameters depend on temperature. �erefore, the knowledge of

the SiPM temperature is necessary to understand the changes of its parameters

with irradiation.

�e self-heating studies were performed with a KETEK SiPM, 15x15 mm
2

pixel size, mounted on an Al2O3 substrate 0.6 mm thick, which was either

directly connected to the temperature controlled chuck of a probe station, or

through layers of material with well-known thermal resistance. �e SiPM was

illuminated by a LED operated in DC-mode. SiPM current was measured at dif-
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ferent voltages, LED currents, chuck temperatures, and thermal resistivities for a

number of measurement cycles.�e data are used to determine the steady-state

temperature as a function of dissipated power and thermal resistance, as well as

the time dependencies for heating and cooling.�is information could be used

to correct the parameters determined for radiation-damaged SiPM for the e�ects

of self-heating.

�e presentation describes the experimental layout, the data taking, the anal-

ysis methods, the results obtained and a comparison to thermal simulations.�e

application of the method for the study of radiation damaged SiPMs and its use

in actual experiments is discussed.

T 66.2 Wed 16:30 T-H25
PeakOTron: A Python Module for Fitting Charge Spectra of Silicon Photo-
multipliers— ∙Jack Rolph, Erika Garutti, and Joern Schwandt— Insti-
tute for Experimental Physics, University of Hamburg, Luruper Chaussee 149,

22761 Hamburg, Germany

An automated so�ware method is developed to characterise the pulse-height

spectra of SiPM obtained in the dark or response to low-intensity light illumi-

nation.�e method is based on a �t utilising a published SiPM response model.

It aims to provide SiPM performance parameters for single measurements, mass

production characterisation, or high granular detector calibration. �e �t con-

siders dark count rate, the average number of detected photons, crosstalk and

a�er-pulsing, electronics noise and gain �uctuations. Due to the sensitivity of the

�t to the initial values assigned to these parameters, the so�ware must perform

careful estimation before �tting themodel to data, which has been designed to be

fast, accurate and robust to �uctuations. First, the model*s accuracy is validated

against simulation and then tested to experimental data from various SiPMs.

T 66.3 Wed 16:45 T-H25
Silicon Photomultiplier characterization for a space-borne optical instru-
ment in Low Earth Orbit — ∙Lucas Finazzi1,2,4, Federico Golmar2,4,
Andreas Haungs

1
, Thomas Huber

1
, and Federico Izraelevitch

2,3,4
—

1
Institut für Astroteilchenphysik (IAP), Karlsruher Institut für Technologie

(KIT), Germany —
2
Universidad de San Martín (UNSAM), Argentina —

3
Comisión Nacional de Energía Atómica (CNEA), Argentina —

4
Consejo Na-

cional de Investigaciones Cientí�cas y Técnicas (CONICET), Argentina

�e S4 (Space-borne SiPM-based Single-photon Sensor) is an instrument de-

signed for single-photon detection in Low Earth Orbit (LEO) using Silicon Pho-

tomultiplier (SiPM) technology. �e instrument, currently under developed by

the LabOSat group (UNSAM), is expected to launch on Q2 2023 as a secondary

payload of a commercial Earth-observation satellite. Beside the increase of the

Technology Readiness Level (TRL) of SiPM sensors for space applications, the S4

instrument will be a path�nder for Ground-LEO single-photon communications

and fundamental Physics experiments that require single-photon detection.

In this talk we will describe the S4 instrument, focusing on the Analog-Front

End (AFE) and SiPMs subsystem. Particularly, we will present the characteri-

zation performed at the SPOCK (Single PhOton Calibration stand at KIT) lab-

oratory at the Institute of Astroparticle Physics (KIT), including studies on the

performance of the AFE board and sensors at di�erent temperatures, SiPM over-

voltages and illumination conditions.

T 66.4 Wed 17:00 T-H25
Timing measurements of a tip avalanche photodiode (TAPD) - A near-
infrared enhanced silicon photomultiplier based on spherical depletion —
∙Wolfgang Schmailzl

1,3
, Jonathan Preitnacher

1
, Erika Garutti

2
, and

WalterHansch
1
—

1
Bundeswehr UniversityMunich, Neubiberg, Germany—

2
University of Hamburg, Hamburg, Germany —

3
Broadcom Inc., Regensburg,

Germany

�e gain of attention in LiDAR technology also pushed the development of sen-

sors for time of �ight measurements. Such a measurement requires a fast and

very sensitive receiver. O�en a wavelength in the near-infrared (NIR) region

is chosen if the emitter is part of the system while a high sensitivity over a

broad range is an advantage for deviating applications. Silicon photomultiplier

(SiPM) with enhanced sensitivity in the NIR region provide a good combination

of performance and cost-e�ciency. In our investigations we simulated and fab-

ricated spherical junctions for the single-photon avalanche diodes and a photo-

detection e�ciency of 22% at 905nm was achieved. We present timing measure-

ments of this new NIR SiPM to provide an overview and to put the performance

into the context of possible applications with very low and high light intensities.

Compared to their blue enhanced counterparts, the single photon time resolu-

tion of these devices is lower where some of this performance loss is related to

the required depletion depth for longer wavelengths while the current design is

still not at its limit. We want to outline some of these intrinsic limits and show

where improvements can be made.

T 66.5 Wed 17:15 T-H25
Characterisation and Radiation Hardness of Tip-Avalanche PhotoDiodes
— ∙Julius Römer1, Erika Garutti

1
, Wolfgang Schmailzl

2,3
, Jörn

Schwandt
1
, and Stephan Martens

1
—

1
Universität Hamburg, Luruper

Chaussee 149, 22761 Hamburg, Deutschland —
2
Bundeswehr Universität

München, Neubiberg, Deutschland —
3
Broadcom Inc., Regensburg, Deutsch-

land

Silicon Photomultipliers (SiPM) are the photon detectors of choice for many ap-

plications. Development of SiPMs with conventional single photon avalanche

diode (SPAD) built around a planar pn-junction reaches a trade-o� between

photon detection e�ciency (PDE) and dynamic range. A challenge in designing

e�cient red-sensitive SiPMs lies in the requirement for large depletion depths.

A novel design design featuring a quasi-spherical pn-junction called Tip

Avalanche Photodiode (TAPD) tackles both problems. For a pixel pitch of 15

μm, the SiPM prototype reaches a PDE of 73% at 600 nm and 22% at 900 nm, a
high dynamic range, as well as a recovery time below 4 ns.�e aim of this study

is to characterize this novel type of SiPM. In particular the question of radiation

hardness of TAPD is addressed.

A�er irradiation with reactor neutrons with �uences up to 1⋅1012 cm−2
1MeV

neutron equivalent, characterisation with I − V and C − V − f measurements
show that despite the increased bulk volume, TAPD-SiPMs show similar loss

of response and increase in dark count rate (DCR) with irradiation compared

to planar SiPM devices, enhancing the usability in high energy particle experi-

ments.

T 66.6 Wed 17:30 T-H25
Investigation of the Time Resolution of LGADs and 3D Sensors — ∙Leena
Diehl, Monty King, Dennis Sperlich, Ulrich Parzefall, Marc Hauser,

and Christina Schwemmbauer—Universität Freiburg

Future collider experiments as the high-luminosity LHCor the FCCwill increase

the demands of the detectors used for tracking. Sensors will not only face �u-

ences of up to 1 ⋅ 1017 neq/cm
2
, but also high pile-up scenarios. �us sensors

are needed which have a high radiation tolerance, but also an excellent time

resolution while still providing a good spatial resolution. Currently Low Gain

Avalanche Diodes (LGADs) are the prime candidate when it comes to timing,

reaching a resolution of below 30 ps. However, 3D sensors are promising can-

didates as well, as they have not only a good time resolution but also a superior

radiation hardness. In order to investigate the time resolution of both LGADs

and 3D sensors thoroughly, timing measurements were performed using either

a beta-source or a laser with infrared wavelength. �e timing-TCT measure-

ments allow to measure the position-dependence of the time resolution, which

is interesting especially for the 3D-sensors, where the time walk is an impor-

tant component of the resolution. �is talk will present some initial results of

the measurements, including the calibration of the timing-TCT setup and �rst

measurements with were 3D-sensors as well as LGADs.

T 66.7 Wed 17:45 T-H25
Time resolution comparison between LGADs and 3D silicon detectors —
∙Montague King, Christina Schwemmbauer, Leena Diehl, Dennis Sper-

lich, Marc Hauser, and Ulrich Parzefall — Albert-Ludwigs Universität,

Freiburg, Germany

For the planned high luminosity upgrade of the LHC it is vital to develop detector

systems with both excellent spatial and timing resolution in the inner tracking

layers to be able to distinguish separate collisions in the same bunch crossing.

�is has to be achieved even a�er severe irradiation with expected �uences of up

to 2.6 x 10
16
neq/cm

2
.

It has been shown that a timing resolution of 30 ps can be achieved with Low

Gain Avalanche Diodes (LGADs). However, these devices have drawbacks, es-

pecially regarding spatial resolution, e�ective �ll factor and radiation hardness.

A second detector type, 3D-detectors with electrodes extending deeply into the

silicon bulk, are expected to be able to achieve such a high timing resolution

while having a superior spatial resolution and radiation hardness.

In this talk, the calibration of a setup developed speci�cally for fast timing

measurements at the University of Freiburg will be presented.�is setup utilises

a
90
Sr electron source along with a reference sensor and scintillator to measure

�uctuations in the time between signals from reference and tested sensor. Fur-

thermore, �rst results measured for LGADs before and a�er irradiation as well

as unirradiated 3D sensors will be discussed.

T 66.8 Wed 18:00 T-H25
Boron removal e�ect in silicon sensors induced by 6 MeV electrons —
∙Chuan Liao, Eckhart Fretwurst, Erika Garutti, and Joern schwandt

—Universität Hamburg, Luruper Chaussee 149, 22761 Hamburg, Deutschland

In the frame of the CERN_RD50 collaboration, the acceptor removal e�ect is

investigated in p-type material, used for example in pixel sensors or Low Gain

Avalanche Detectors (LGADs).�e suspected cause is the displacement of sub-

stitutional Boron (Bs), being negatively charged, by incident particles or other

recoil atoms into an interstitial position (Bi). �is is followed by Bi migration

and being captured by Oxygen atoms and forming complex defects of interstitial

Boron and interstitial Oxygen (BiOi) with a positive charge. �is is the boron

removal e�ect. For lower radiation �uence, this has one main consequence:�e

maximum electric �eld at a given reverse bias will decrease, causing e.g. a de-

crease of the LGAD gain. In this presentation, the�ermally Stimulated Tech-
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niques including TS-Current (TSC) and TS-Capacitance (TS-Cap) have been

used to study the properties of the radiation-induced BiOi defect complex by 6

MeV electrons. Two di�erent types of diodesmanufactured on p-types epitaxial-

(EPI) and Czochralski(CZ) silicon with a resistivity of about 10 Wcm were irra-

diated with �uence values in the range between 1 x 1015 cm-2 and 6 x 1015 cm-2.

�e results will be presented and compared with those gained from sensors ex-

posed to 23 GeV protons.

T 66.9 Wed 18:15 T-H25
Physics case for a forward timing disc covering 3<η<4 of the CMS detector at
HL-LHC— ∙Anna Albrecht1, Anna Benecke2, Andreas Hinzmann1

, Ben

Kilminster
3
, and Stefanos Leontsinis

3
—

1
Universität Hamburg —

2
UC

Louvain —
3
University of Zurich

�e LHCwill be upgraded to a collider with 10 times higher luminosity, the high

luminosity (HL)-LHC. One main challenge arising from the upcoming high lu-

minosity, is the large amount of interactions that occur in one proton-proton

bunch crossing, and therefore the separation of the interaction of interest from

the additional ones (pileup).�e insertion of a new timing layer in the upgraded

CMS experiment is planned, to use timing as an additional discrimination vari-

able between signal and pileup.

One interesting channel to probe at the HL-LHC is vector boson fusion (VBF)

Higgs pair production that has two characteristic jets in the forward region of

the detector.�e separation of this signal from pileup is extremely challenging.

In this physics case study, the performance of an extension of the timing layer

from η < 3 to η < 4 is estimated by using the Delphes simulation so�ware.

T 67: Myon Detectors
Time: Wednesday 16:15–18:40 Location: T-H26

Group Report T 67.1 Wed 16:15 T-H26
DT upgrade activities during LHC long shutdown II and readiness status for
Run 3— ∙Archana Sharma, ThomasHebbeker, KerstinHoepfner, Hans
Reithler, MarkusMerschmeyer, andDmitry Eliseev—III. Physikalisches

Institut A, RWTH Aachen University

A�er delivering an integrated luminosity of more than 160/fb until the end of

Run 2, at the beginning of 2019, LHC was shut down until the end of 2021 (LS2)

in order to get its accelerator-chain and detectors upgraded for the HL-LHC

phase, expected to deliver an instantaneous luminosity 5 times higher with re-

spect to the present value. During this LS2, the Compact Muon Solenoid (CMS)

experiment worked to upgrade its electronics and detector performance to im-

prove the data taking and a precise reconstruction of all the particles in high

pile-up conditions of HL-LHC. Dri� Tubes (DT) detectors equip the CMSmuon

system barrel region, serving both as o�ine tracking and triggering devices. An

upgrade of the current readout and trigger electronics is also planned in order

to withstand event rates and integrated doses far beyond the initial design spec-

i�cation expected in HL-LHC. During LS2, prototypes of the new electronics

were installed in four DT chambers with the same azimuthal acceptance, instru-

menting a demonstrator of the HL-LHCDT upgrade (DT slice-test).�is report

brie�y summarises the commissioning activities performed during LS2, along

with the status of the slice-test and its performance with cosmic -ray events.

T 67.2 Wed 16:35 T-H26
A tester tool for the new read-out electronics of theMDT detectors of the AT-
LAS muon spectrometer in the Phase-II upgrade— ∙Thorben Swirski, Gia

Khoriauli, and Raimund Ströhmer—Universität Würzburg

To make the ATLAS monitored dri� tube detectors (MDT) ready for the new

high rate environment in the High-Luminosity LHC, new read-out electronics,

including new mezzanine cards, are being developed. �ese mezzanine cards

feature a triggerless read-out mode to allow the MDT stations to be used in the

trigger decisions. A tester-tool has been designed for mass quality testing of the

new mezzanine cards. �e tester-hardware is ready since summer 2021 and is

now being programmed to allow for the testing of all functionalities of the mez-

zanine cards. �e work allows the use of the tester tool not only for the mass

testing of already produced cards, but also adds valuable insights during the on-

going prototyping e�ort. �is talk will present the tester-tool, give an overview

over the test-regime, show how the gathered data will be archived in a dedicated

database and present examples of how the use of the tester tool has helped the

development of the mezzanine cards.

Group Report T 67.3 Wed 16:50 T-H26
�e small-diameter Dri� Tube (sMDT) Chambers for ATLAS at High-
Luminosity LHC and for Future Colliders — Davide Cieri, Gregor Eber-
wein, Oliver Kortner, Hubert Kroha, Patrick Rieck, Marian Rendel,

and ∙ElenaVoevodina—Max-Planck-Institut für Physik, München, Deutsch-
land
�e small-diameter Dri� Tube (sMDT) detector technology with 15 mm tube

diameter has proven to be an excellent candidate for precision muon tracking

detectors in experiments at future hadron colliders like HL-LHC and FCC-hh

where unprecedentedly high background rate capabilities are required.�e up-

grades of the inner barrel layer of the ATLAS Muon Spectrometer in the LS2

(2019-2021) and LS3 (2026-2028) shutdowns of the LHC machine use combi-

nations of the sMDT detectors and RPC trigger chambers. We present the test

results of the performance of the sMDT chambers under construction for the op-

eration at HL-LHC and the measurements of the behavior of the detectors and

their new readout electronics under very high background irradiation rates like

at FCC-hh performed at the CERN Gamma Irradiation Facility (GIF++).

T 67.4 Wed 17:10 T-H26
Quality Control in the Construction of new small-diameterMuonDri� Tube
(sMDT) Chambers for the ATLAS Muon Spectrometer at the HL-LHC —
∙Daniel Buchin, Marian Rendel, Alice Reed, Patrick Rieck, Oliver Ko-

rtner, and Hubert Kroha—Max-Planck-Institut für Physik, München

In order to improve the muon trigger e�ciency and the rate capability of the AT-

LAS muon detectors for operation at the high luminosity upgrade of the Large

Hadron Collider (HL-LHC), the Monitored Dri� Tube (MDT) tracking cham-

bers in the inner barrel layer of the ATLAS Muon Spectrometer will be replaced

by small-diameterMuonDri� Tube (sMDT) chambers integratedwith new thin-

gap RPC trigger chambers.�e sMDT chambers �t, together with the RPCs, into

the very tight available space and provide an order of magnitude higher back-

ground rate capability compared to the current detectors.

�e sMDT chambers are in serial production since January 2021. In the talk,

the measures implemented to assure the quality of the chambers will be ex-

plained, starting from the results of the tests and inspections each individual

assembled dri� tube is undergoing. �e dedicated quality control database and

monitoring web interface will also be discussed.

T 67.5 Wed 17:25 T-H26
Construction of small-diameter Monitored Dri� Tube (sMDT) chambers for
the ATLAS Muonspectrometer at the HL-LHC— ∙Marian Rendel, Daniel

Buchin, Alice Reed, Oliver Kortner, Hubert Kroha, Patrick Rieck,

and ElenaVoevodina—Max-Planck-Institut für Physik (Werner-Heisenberg-

Institut)

For the high luminosity upgrade of the Large Hadron Collider, the Monitored

Dri� Tube (MDT) tracking chambers in the inner barrel layer of the ATLAS

muon spectrometer will be replaced by small-diameter Monitored Dri� Tube

(sMDT) chambers integrated with new thin-gap RPC trigger chambers. �e

sMDT chambers �t, together with the RPCs, into the very tight available space

and provide an order of magnitude higher background rate capability compared

to the current MDT chambers.

Since January 2021 the sMDT chamber serial production is proceeding at a

steady pace of one chamber every two weeks as planned. In this talk, the sMDT

chamber design and the construction procedures will be explained as well as the

technology transfer to the second production site at the University of Michigan.

T 67.6 Wed 17:40 T-H26
Measuring the geometry of the new small-diameter Monitored Dri� Tube
(sMDT) chambers constructed for theHL-LHCupgrade of theATLASMuon-
spectrometer — ∙Alice Reed, Daniel Buchin, Marian Rendel, Patrick

Rieck, Elena Voevodina, Oliver Kortner, and Hubert Kroha — Max-

Planck-Institut für Physik (Werner-Heisenberg-Institut), München

In order to improve the muon trigger e�ciency and the rate capability of the AT-

LAS muon detectors for operation at the high-luminosity upgrade of the Large

Hadron Collider (HL-LHC), the Monitored Dri� Tube (MDT) chambers in the

inner barrel layer of the ATLAS Muon Spectrometer will be replaced by small-

diameterMuonDri� Tube (sMDT) chambers integrated with new thin-gap RPC

trigger chambers.�e sMDT chambers �t, together with the RPCs, into the very

tight available space and provide provide an order of magnitude higher back-

ground rate capability compared to the current detectors.

�e sMDT chambers have to provide a sense wire positioning accuracy of bet-

ter than 20 μm and this requires the geometry of the chambers to be measured
with a high precision.�e measurement procedure and results are discussed for

the chambers in serial production.

T 67.7 Wed 17:55 T-H26
Fabrication of Resitive Plate Chambers—OliverKortner, HubertKroha,
Daniel Soyk, and ∙Timur Turkovic — Max-Planck-Institut für Physik,

Föhringer Ring 6, 80805 München, Germany

147



Particle Physics Division (T) Wednesday

Resistive plate chambers (RPCs) with electrodes of high-pressure phenolic lam-

inate (HPL) and small gas gap widths down to 1 mm provide large area tracking

at relatively low cost in combination with high rate capability and fast response

with excellent time resolution of better than 500 ps. �ey can be operated up

to γ background count rates of up to 10 kHz/cm2 which is �ve times the maxi-
mum rate these RPCs will encounter in the innermost layer of the barrel muon

spectrometer of the ATLAS detector where they will be installed in the phase-

II upgrade for the HL-LHC operation. A cost-e�ective production procedure

which is compliant with industrial techniques was worked out and tested by a

production of prototype thin-gap RPCs in the laboratory. Cosmic ray muons

were used to check the proper functioning of these prototypes.�e new produc-

tion procedure has been transfered to several companies for the production of

test samples. We will report about the RPC production in the laboratory and the

technology transfer to industry.

T 67.8 Wed 18:10 T-H26
�e CMS Muon upgrade and the commissioning of the �rst GEM station—
∙Francesco Ivone, Thomas Hebbeker, Kerstin Hoepfner, GiovanniMo-

cellin, and Shawn Zaleski — III. Physikalisches Institut A, RWTH Aachen

University

�e LHCwill undergo amajor upgrade to deliver ~10 timesmore proton-proton

collisions in the next two decades, which has been namedHigh-Luminosity LHC

(HL-LHC). To cope with the higher event rates and to improve the trigger capa-

bilities in the forward region, the Compact Muon Solenoid (CMS) experiment

will undergo several upgrades. �ese include the installation of an additional

set of muon detectors based on the Gas Electron Multipliers (GEM) technol-

ogy.�e triple-GEM detectors named GE1/1 have already been installed during

2020. Two more stations, GE2/1 and GE0, will adopt the same technology dur-

ing subsequent shutdowns.�e GE1/1 system consists of 72 chambers made by

two layers of Triple-GEM detectors, this will improve the muon triggering and

tracking capabilities of CMS.

We report on the commissioning of the GE1/1 detectors, focusing on the per-

formance measured during the �rst CMS commissioning runs which include

cosmic-ray muons and collision events. We discuss on the strategy implemented

to identify the optimum working point and the system performance stability.

T 67.9 Wed 18:25 T-H26
A �rst look at CMS gas electron multiplier data and certi�cation— Thomas
Hebbeker, Kerstin Hoepfner, Francesco Ivone, and ∙Shawn Zaleski —

III Physikalisches Institut A, RWTH Aachen University

To accommodate the increased radiation doses expected during the upcoming

Run 3 at the CERN LHC, one of the primary experiments there, the Compact

Muon Solenoid (CMS)will be upgraded.�e �rst part of this upgrade, the instal-

lation of the gas electron multiplier (GEM) GE1/1 detector has been completed

recently to help CMS cope with the radiation levels. �e GEM chambers that

comprise the GE1/1 detector have passed a rigorous battery of quality checks

and are currently being commissioned in the end caps of the CMS muon sys-

tem.

Initial data has been recorded by the GE1/1 detector using cosmic ray muon

as well as proton-proton collision data. Dedicated data collection runs with and

without the CMS 3.8 T magnetic �eld were performed. Certi�cation procedures

for this new GEM system have been developed and are being integrated with the

existing procedures from the other CMS muon subsystems.

T 68: Detector Systems 2
Time: Wednesday 16:15–18:15 Location: T-H27

T 68.1 Wed 16:15 T-H27
Design and construction of a neutron imaging detector based on a neutron
sensitive MCP on Timepix3 ASICs — ∙Saime Gürbüz1, Markus Gruber

1
,

Jochen Kaminski
1
, Markus Köhli

2
, Michael Lupberger

1
, Divya Pal

1
,

Laura Rodríguez Gómez
1
, and Klaus Desch

1
—

1
Physikalisches Institut,

Rheinsiche Friedrich-Wilhlems-Universität Bonn, Bonn —
2
Physikalisches In-

stitut, Ruprecht-Karls-Universität Heidelberg, Heidelberg

�e non-invasive method of neutron imaging has applications frommedicine to

engineering. With its unique capabilities, we can image elements that can not be

distinguished via X-rays.

At the University of Bonn, we have been developing neutron detectors with

di�erent con�gurations and speci�cations. One of the neutron imaging detectors

that has been studied is based on neutron sensitive Microchannel plate (nMCP)

in combination with a Timepix3 ASIC. Previous studies show that neutron sen-

sitive
10
B and Gd enriched MCPs have up to 10 μm spatial resolution and neu-

tron detection e�ciency of up to 70%. �e readout will be achieved using four

Timepix3 ASICs with 55 μm pixels covering (28 x 28) mm2
active area. �e

readout has a timing resolution of up to 1.5 ns.

By combining the e�ciency of the MCP with the good time and spatial reso-

lution of Timepix3, we aim to achieve excellent instrument performance in both

domains. Such a detector can be used for many neutron imaging applications

such as neutron tomography or time-of-�ight imaging. In this talk, the current

status as well as the principles of the detector will be presented.

T 68.2 Wed 16:30 T-H27
Wavelength-shi�er coated polystyrene as a low-cost plastic scintillator de-
tector — Alessia Brignoli

1
, Andrew Conaboy

1
, ∙Doramas Jimeno1,2

,

Heiko Lacker
1
, Christian Scharf

1
, and Jakob Schmidt

1
—

1
Humboldt-

Universität zu Berlin, Berlin, Germany —
2
Universitat de Barcelona, Barcelona,

Spain

Plastic scintillator detectors are widely used in particle physics for detecting

charged particles crossing the scintillatingmaterial, converting the excitation en-

ergy into �uorescence radiation. We studied the light yield of pure polystyrene

plates uncoated, and coated with a wavelength-shi�ing dye, coupled to a photo-

multiplier, using beta particles from a Sr-90 source. �e results with the coated

polystyrene plate show around four times higher photoelectron yield compared

to the uncoated plate. To estimate the fraction of Cherenkov radiation, we com-

pared it to the light yield of an uncoated and a coated plate of a non-scintillating

material (PMMA).�ese results motivate future studies for the development of

easy-to-build, low-cost, polystyrene-based plastic scintillator detectors.

T 68.3 Wed 16:45 T-H27
Simulation of the BeamConditionsMonitor for the upgrade of the LHCb ex-
periment — Johannes Albrecht, Elena Dall’Occo, and ∙David Rolf —
Experimentelle Physik 5, TU Dortmund

�e LHCb experiment is currently undergoing a major upgrade, preparing for

the next period of data taking (Run 3) starting in 2022.�e instantaneous lumi-

nosity in Run 3 will increase by a factor of �ve with respect to the previous runs.

To ensure a safe operation of the experiment, simulation studies are performed

for the Beam Conditions Monitor (BCM), responsible of protecting the LHCb

detector against possible damage from the beam. Should an adverse beam sce-

nario occur, the BCMwill request a beam dump, thus preventing the beam from

damaging the detector.

In this talk the impact of the changed beam conditions and con�gurations of

the LHCb subdetectors on the BCM settings is evaluated, by studying the BCM

response under both nominal and failing beam scenarios. Under nominal con-

ditions the currents of the diamond sensors of the BCM detector are simulated

and new settings for the beam dump logic are determined.

�e e�ectiveness of the new proposed BCM settings are then investigated in

critical beam scenarios. Simulations are performed under a beam scraping sce-

nario to ensure the BCMwill dump the beam before the beam dri�s too far from

its nominal position and starts to damage the sensitive detector parts.

T 68.4 Wed 17:00 T-H27
Development of a real-time track reconstruction for the proposed Lu-
miTracker detector — Johannes Albrecht, Lukas Calefice, Elena

Dall’Occo, ∙Lukas Rolf, and Holger Stevens — Experimentelle Physik 5,
TU Dortmund
Measuring the luminosity is a vital task performed at the LHCb experiment.�e

luminosity is used as feedback for the LHC and as input for many analyses.�e

main goal of the proposed LumiTracker detector is to provide a measurement of

luminosity by operating independently from the rest of the LHCb experiment.

�e LumiTracker measures luminosity by reconstructing and counting tracks

and to provide an online measurement of luminosity per bunch every few sec-

onds, the reconstruction needs to be performed in real-time. �is contribution

will present the current status of the pattern recognition and track �tting algo-

rithms developed. �e overall performance of the track reconstruction will be

compared between a CPU and a GPU implementation, with the latter bringing

the advantage of greater parallelism.

T 68.5 Wed 17:15 T-H27
Commissioning of the SND@LHC detector— ∙Andrew Picot Conaboy—
Humboldt-Universität zu Berlin, Berlin, Deutschland

�e Scattering and Neutrino Detector at the LHC (SND@LHC) is a compact

experiment installed 480 m from the ATLAS interaction point. SND@LHC al-

lows for a novel investigation of all three neutrino �avours in the pseudo-rapidity

range 7.2 < η < 8.6, with energies from 100 GeV to the TeV scale. Crucial for
the reconstruction of neutrino charged current events, is the identi�cation of

the outgoing lepton: SND@LHC will reconstruct muons using iron blocks in-

terleaved with planes of plastic scintillators coupled to silicon-photomultipliers.
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�is technology will also be used to perform hadronic calorimetry. In the CERN

north area, the muon system was installed for pion and muon test beams of en-

ergies in the 100 GeV to 300 GeV range. Presented in this contribution is the

current status of muon system analyses from CERN test beams.

T 68.6 Wed 17:30 T-H27
Commissioning and Results of a Scintillator Based BeamAbort andMachine
Protection System at SuperKEKB — ∙Ivan Popov, Hendrik Windel, and

Frank Simon for the Belle II-Collaboration — Max-Planck-Institut für Physik,

München, Deutschland

�e asymmetric-energy collider SuperKEKB started its physics operation in

March 2019.�e usage of the nano-beam scheme enables collisions of electrons

and positrons at record-breaking luminosities, but requires continuous particle

injections at a rate of 50 Hz. �ese injections result in periods of high back-

grounds, which can negatively a�ect the operation of Belle II subdetectors. In

order to monitor and mitigate such backgrounds, the CLAWS detector system,

consisting of scintillator tiles read out by silicon photomultipliers, has been in

operation in various forms since 2016. Beginning with the �rst physics run in

2019, 32 sensors have been distributed along the �nal focusing magnets. Over

the course of SuperKEKB’s run time in 2020 they have proven to reliably observe

disturbances in the particle beamwhich can result in catastrophically high back-

grounds and quenches of the �nal focusing magnets. An electronics upgrade to-

gether with the implementation of a smart trigger logic enables the generation of

a beam abort trigger within 200 ns a�er the occurrence of excessive background,

thus ensuring the safe operation of the experiment.�e CLAWS have been oper-

ating as a beam abort system since May 2021. In this report, the commissioning

of the system and results achieved are discussed, and an outlook on plans for its

further expansion is given.

T 68.7 Wed 17:45 T-H27
Detector system and simulation of the 155MeVHydro-Møller polarimeter at
MESA— ∙Michail Kravchenko for the P2-Collaboration— PRISMA+ Clus-

ter of Excellence and Institute ofNuclear Physics, JohannesGutenbergUniversity

Mainz
�e Mainz Energy-recovering Superconducting Accelerator (MESA) is an elec-

tron accelerator, which is currently under construction at the Johannes Guten-

berg University Mainz. One aim for the MESA is the precise measurement of

the weak mixing angle sin2θw , an important parameter of the Standard Model,
with a relative uncertainty of 0.14%.�e measurement will be performed by the

P2 experiment by measuring the parity-violating asymmetry in elastic electron-

proton scattering at low momentum transfer Q2
. MESA will provide a 150 μA

beam of alternatingly polarized 150 MeV electrons with excellent beam stability.

In order to achieve the goal of the P2 experiment, the beam polarization must

be measured online with a very low systematic error (< 0.5% relative). �e 155

MeVMøller polarimeter using a polarized atomic hydrogen target, known as the

Hydro-Møller polarimeter, as proposed byV. Luppov and E. Chudakov opens the

opportunity for achieving these requirements.�e current design of the detector

system for the Hydro-Møller polarimeter and the results of the simulation with

Geant4 are presented.

T 68.8 Wed 18:00 T-H27
Fast neutron and gamma tomography with a stilbene-based multi-pixel de-
tector — ∙Nina Höflich and Oliver Pooth — RWTH Aachen University -
Physics Institute III B, Aachen, Germany

�e neutron detectors group at the Physics Institute III B, RWTH Aachen Uni-

versity, develops amulti-pixel detector for a compact fast neutron imaging setup.

Since the interactions of fast neutrons in matter di�er from those of X-rays and

gamma rays, imaging with fast neutrons in addition to X- or gamma ray imaging

can provide complementary information about the object of interest.

Our current detector prototype uses cuboids of the organic scintillator stilbene

as active material, coupled to a SiPM array. �e pixel size is 6 × 6 mm
2
. �e

usage of stilbene allows to distinguish neutron- and gamma-induced signals in

the detector.

An Americium-Beryllium neutron source delivers fast neutrons of up to 11MeV

as well as gamma rays of 4.44MeV for our measurements.

�e talk will focus on recent results from tomographic test measurements of

simple objects. Strategies for image reconstruction and image processing will

be presented. Additionally, possible improvements will be discussed, based on

Geant4 simulation results.

T 69: DAQ and Trigger 3
Time: Wednesday 16:15–18:30 Location: T-H28

T 69.1 Wed 16:15 T-H28
Development of an FPGA Implementation of Convolutional Neural Net-
works for Signal Processing for the Liquid-Argon Calorimeter at ATLAS—
Anne-Sophie Berthold, ∙Nick Fritzsche, Markus Helbig, Rainer Hent-

ges, Arno Straessner, and Johann Christoph Voigt — Institut für Kern-

und Teilchenphysik (IKTP), TU Dresden, Germany

�e Phase-II upgrade of the ATLAS detector will prepare for the high-luminosity

phase of the LHC, where the number of proton-proton collisions occurring at the

same time will increase signi�cantly. �is leads to higher requirements for the

data processing, since the rate of detected particles in one detector cell will in-

crease. New machine learning solutions are under development to better recon-

struct the energy deposited in the calorimeter and its timing information than

the current optimal �lter approach.

�is talk introduces the implementation of convolutional neural networks for

FPGA hardware. �e application of time division multiplexing is discussed,

which is necessary to cover the high number of detector readout channels and to

reuse the network for multiple input streams. �e latest performance results in

terms of FPGA resource usage, achievable operation frequency and latency are

presented. To verify the hardware implementation, a so�ware reference model

was created and the precision of the calculation results was analyzed. At last, �rst

preparations for tests on hardware are shown.

T 69.2 Wed 16:30 T-H28
Towards the next generation Level-1 Trigger of SuperCDMS — ∙Hanno
Meyer zu Theenhausen—Karlsruher Institut für Technologie

�e SuperCDMS SNOLAB dark matter search experiment targets sensitivity to-

wards nuclear and electron recoils down to energies of a few eV. At the lowest

energies, the detector sensitivity is limited by thermal and electronic noise. To

extract signals from the noise with high e�ciency and resolution, SuperCDMS

employs a Level-1 trigger system implemented on an FPGAon custom-hardware

detector readout cards.�erein, digitized input traces are analyzed in a complex

trigger architecture with a �nite-impulse-response (FIR) �lter at its heart. �e

FIR is con�gured as an optimal �lter (OF) which can cause pathological ”echo

triggers” in the presence of large pulses.�is presentation reports on the Level-1

trigger architecture, the OF FIR design and how echo triggers are circumvented

making use of the complex trigger logic. Furthermore, an outlook on the per-

formance of a neural network trigger as a potential trigger upgrade is given.

T 69.3 Wed 16:45 T-H28
�e ATLAS Forward Feature Extractor for the Phase-II trigger upgrade —
∙AdrianAlvarez Fernandez, Julian Blumenthal, Stefan Tapprogge, Ul-
rich Schaefer, and Bruno Bauss— Institut für Physik, Johannes Gutenberg

Universität
�e ATLAS detector will undergo many upgrades to account for the more chal-

lenging running conditions of theHigh Luminosity LHC. Some of these Phase-II

upgrades will be focused on improving the trigger system, a crucial part to deal

with the higher data rates and pile-up. Phase-I upgrades for Run 3 introduced

the Feature EXtractors for a more re�ned processing of the calorimeter infor-

mation and to better discriminate between jets, photons, electrons and taus. A

Forward Feature EXtractor (fFEX) will be developed for the HL-LHC that will

providemore �exible algorithms for the objects in the forward region (|η|>2.5 for
electrons and photons and |η|>3.2 for jets). In contrast to the �rst level calorime-
ter trigger before HL-LHC, this new system will have access to the full detailed

calorimeter granularity. �e status of the preliminary design work on the fFEX

will be presented and possible technology options will be discussed.

T 69.4 Wed 17:00 T-H28
Neural network based primary vertex reconstruction with FPGAs for the up-
grade of the CMS level-1 trigger system— ∙Matthias Komm— Desy, Ham-

burg

A major challenge of the high-luminosity upgrade of the CERN LHC is to sin-

gle out the primary interaction vertex of the hard scattering process from the

expected 200 pileup interactions that will occur each bunch crossing. To meet

this challenge, the upgrade of the CMS experiment comprises a complete re-

placement of the silicon tracker that will allow for the �rst time to perform the

reconstruction of charged particle tracks and the primary interaction vertex at

the hardware-based �rst level of the event trigger system (L1). Knowledge of

the primary interaction vertex is a central component for distinguishing tracks

and calorimeter clusters belonging to the hard scattering process from pileup in-

teractions, which subsequently improves the energy estimate and resolution of

physics objects such as jets and the missing transverse momentum.�is talk will

focus on the reconstruction of the primary vertex from tracks at L1 within the

stringent time requirements of O(100ns) while being additionally restricted by

the FPGA resource usage and latency. To optimally exploit and pass-on the avail-

able information at each stage of the vertex reconstruction, an algorithm based
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on an neural network model has been developed that possesses simultaneous

knowledge about all stages and hence enables end-to-end optimization. Future

plans for operating and tuning the algorithm on real data during data-taking will

also be outlined.

T 69.5 Wed 17:15 T-H28
Development ofmachine-learning based topological selection algorithms for
the upgraded L1 trigger system of the CMS detector— ∙Ihor Komarov, Jo-
hannes Haller, Finn Labe, Artur Lobanov, and Matthias Schröder—

Institut für Experimentalphysik, Universität Hamburg

Future data-taking periods at the LHC bring a major increase of the instanta-

neous luminosity. To cope with the large detector occupancy within the band-

width constraints, signi�cant improvements of the trigger systems of the experi-

ments are needed.�e upgraded Level-1 trigger system of the CMS experiment

will allow the execution of complex algorithms, such as neural networks, on �eld-

programmable gate arrays (FPGAs).

In this talk, a �rst proof-of-concept study on fast neural-network-based se-

lection algorithms for the L1 trigger system of CMS will be presented. �e al-

gorithms were benchmarked with top-quark and Higgs pair production signals.

Preliminary results show signi�cant performance improvements compared to

existing algorithms.

T 69.6 Wed 17:30 T-H28
Anomaly detection as a new strategy for the CMS Trigger— ∙Sven Bollweg,

Karim ElMorabit, Gregor Kasieczka, and Artur Lobanov— University

of Hamburg, Germany

�ere exist strong hints for the existence of physics beyond the standard model

(BSM). To search for such BSM processes at the LHC, potential candidate events

�rst need to be selected. At CMS, the �rst selection step is the Level 1 (L1) trig-

ger, which decides whether an event is stored for further analysis. �e trigger

decision is usually based on criteria motivated by speci�cmodels. Another strat-

egy uses the idea that BSM events di�er from events originating from standard

model (SM) processes. A trigger decision could then utilize this di�erence to

detect anomalous event properties.

�is talk discusses such an anomaly detection trigger based on neural net-

works. An autoencoder (AE) network is trained to reproduce SM events. Using

the AE to reproduce BSM events with anomalous properties leads to a reduced

quality which can be used for the trigger decision. Since the L1 trigger has a very

limited time for the decision, the AE needs to be deployed on dedicated hard-

ware in the form of �eld programmable gate arrays which presents additional

challenges.

T 69.7 Wed 17:45 T-H28
Implementation of tracking algorithms for live reconstruction using AI pro-
cessors — ∙Patrick Schwäbig1, Jochen Kaminski1, Michael Lupberger

1
,

KlausDesch
1
, and StephenNeuendorffer

2
—

1
Physikalisches Institut, Uni-

versität Bonn, Deutschland —
2
Xilinx Research Labs, San Jose, USA

For years, data rates generated bymodern detectors and the corresponding read-

out electronics exceeded by far the limits of bandwidth and data storage space

available in many experiments. Using fast triggers to discard uninteresting and

irrelevant events is a solution used to this day. FPGAs, ASICs or even directly

the readout chip are programmed or designed to apply a �xed set of rules based

on low level parameters for an event pre-selection.

Up until the last few years, live track reconstruction for triggering was rarely

possible due to a con�ict between processing time and the required trigger la-

tency. With the emergence of novel fast and highly parallelized processors, tar-

geted mainly at AI inference, attempts to su�ciently accelerate tracking algo-

rithms become viable. �e Xilinx Versal AI Series Adaptive Compute Acceler-

ation Platform (ACAP) is one such technology and combines traditional FPGA

and CPU resources with dedicated AI cores and a network on chip for fast mem-

ory access.

In this talk AI and non-AI algorithms for track reconstruction and especially

their implementation on the Xilinx VCK190/Versal VC1902 Evaluation Kit for a

dark photon experiment at the ELSA accelerator in Bonn will be shown and the

expected performance will be discussed.

T 69.8 Wed 18:00 T-H28
A Hardware-Based Track Trigger — ∙Joachim Zinsser, Sebastian

Dittmeier, and André Schöning— Physikalisches Institut, Universität Hei-

delberg

A hardware-based solution to �lter interesting events more e�ciently was ex-

plored for the planned increase in luminosity during the ATLAS Phase-II Up-

grade.�e plan is to install a �lter based on the particles’ tracks, which have to be

evaluated in real-time. �is task is well suited for implementation in hardware

since, on the one hand, it requires only basic arithmetics and comparisons, and,

on the other hand, it can be implemented in highly parallel hardware architec-

ture, e.g., by exploiting FPGAs. �is approach utilizes linear approximations to

the helix parameters of trajectories and a database of simulated possible trajec-

tories. A Track Fitter is implemented on the Stratix X FPGA from Intel with an

integrated High BandwidthMemory (HBM) for storing the simulated constants.

In this talk, the �nal state of the �rmware will be discussed and the implemen-

tation in hardware will be compared to simulation results and expectancies.

T 69.9 Wed 18:15 T-H28
Jet Tagging in the Level-1 Trigger of CMS for the HL-LHC — ∙Philipp
Rincke, Karim El Morabit, Gregor Kasieczka, and Artur Lobanov —

Institut für Experimentalphysik, Universität Hamburg

With the upcoming upgrade of theHigh-Luminosity LHC, triggering in theCMS

experiment will become more challenging as more particles will be present in

each event. A possible solution to the increased complexity could be to employ

trigger algorithms that use inputs from all sub-detectors that will become avail-

able in future upgrades and the increased computing power of the FPGAs on

which the algorithms of the Level-1 Trigger (L1T), the �rst trigger level in CMS,

are implemented.

At the L1T track parameters and particle identi�cation of some of the jet con-

stituents will be available, making it possible to evaluate the jet substructure.

Many high-energy physics analyses require jet �avour identi�cation, for which

the substructure information can be exploited. By attempting this in the L1T a

higher fraction of interesting events could be recorded or thresholds could be

lowered. One big challenge is that neural networks, o�en used in jet tagging, are

not straightforward to deploy on FPGAs.

Besides the tagging performance, strict timing and resource limitations need

to be considered, which results in a compromise between network architecture

and size. In this talk we present studies on how jet tagging can be used in the

L1T. We consider a simple multilayer perceptron architecture as well as graph-

inspired network architectures.

T 70: Experimental Methods (general) 3
Time: Wednesday 16:15–18:30 Location: T-H29

T 70.1 Wed 16:15 T-H29
Calibration of the b-tagging mis-tag rate for charm jets based onW+c events
at $s = 13 TeV with the ATLAS experiment — Johannes Erdmann and

∙Benedikt Gocke— TU Dortmund University, Department of Physics
Identifying jets containing heavy-�avour hadrons is needed for many analyses

in the ATLAS experiment. �is is done using �avour tagging algorithms. Since

these algorithms need to be calibrated, it is important to also calibrate the mis-

tag rate for non-heavy �avour jets.�ese calibrations are done bymatching their

performance in simulation to data.

�e mis-tag rate calibration for c-jets usingW+c events is presented, which al-
lows for a relatively pure sample of c-jets. For this process, a prompt muon and
a muon inside a jet (so� muon) are expected in the �nal state. �erefore, the

usage of an event selection which selects events in regions de�ned by the electric

charge of the expected muon pair in the �nal state is shown. Furthermore, the

construction of a signal region to reduce the background contributions, which is

based on the expected opposite-sign-charged lepton pair for the signal process

is illustrated.�e calculation of the e�ciencies for the used heavy �avour tagger

is shown. Finally, the resulting data-to-simulation scale factors are discussed.

T 70.2 Wed 16:30 T-H29
Convolutional Networks and Deep Learning at the Belle II Experiment —
∙Johannes Bilk, Sören Lange, KatharinaDort, Stephanie Käs, and Timo
Schellhaas— Justus-Liebig-Universität, Gießen,Germany

�e Belle II pixeldetector (PXD) has a trigger rate of up to 30 kHz for 8 M pixels.

Its proximity to the interaction point allows it to detect exotic highly ionizing

particles such as antideuterons, magnetic monopoles, stable tetraquarks or pi-

ons with small transverse momenta < 100 MeV.�ose particles leave no tracks

in the outer parts of the Belle II detector, and thus their pixel data may be deleted

online as part of background suppression. In this contribution, we evaluate the

performance of a machine learning algorithm to identify slow pions only on the

basis of pattern recognition of pixel cluster structures. We employ convolutional

neural networks with di�erent kernel con�gurations and use images of 9x9 pixel

matrices as input. On the long term such image recognition techniques could

provide a rescue mechanism for the pixel data before they are erased. Results on

accuracy and sensitivity are presented.
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T 70.3 Wed 16:45 T-H29
b-Tagging studies for the ATLAS experiment — ∙Eleonora Loiacono —
Deutsches Elektronen-Synchrotron DESY, Hamburg and Zeuthen, Germany

At the LHC, among the di�erent Higgs boson production mechanisms, the as-

sociated production with a vector boson VH → b̄b is considered as the golden
channel for the measurement of the Higgs coupling to b-quarks, due to its high

sensitivity. In the VH(bb) analysis, the available statistics of the simulatedMonte

Carlo (MC) samples is largely reduced by the b-tagging algorithms, especially for

background processes, resulting in large statistical �uctuations in the MC tem-

plates. �e �rst study that will be presented, is related to the reduction of this

statistical uncertainty. In order to avoid being dominated by this un- certainty a

technique based on Truth Tagging is performed, exploiting a Graph Neural Net-

work tomake an optimal use of multidimensional information associated to jets.

�e second study relies on improving of the connection between Flavour Tagging

scale factorsmeasured on data and those corresponding toMC toMC variations.

b- tagging is very important for VH(bb) and the calibration procedures provide

the use of the Scale Factors (SF).�e so-called smoothing procedure is currently

applied to these SF, which allows to have SF that are not dependent on the bin-

ning of the histograms used to do the calibration. In particular, there will be

a focus on reviewing the currently smoothing procedure and also on including

more statistical tests on procedure currently adopted for data SF.

T 70.4 Wed 17:00 T-H29
Extrapolation of �avour tagging calibrations to high transverse momenta
— Arnulf Quadt, Elizaveta Shabalina, and ∙Sreelakshmi Sindhu— II.
Physikalisches Institut, Georg-August-Universität Göttingen

Identifying jets containing heavy �avoured hadrons can be very bene�cial for a

variety of analyses and this can be done using �avour tagging algorithms. Cur-

rently, these algorithms are calibrated by matching their performance on data to

simulation. However, for jets with transversemomentum greater than a few hun-

dred GeV these calibrations do not exist due to statistical limitations. Flavour-

tagging information for jets with high transverse momenta can be quite useful

for analysis such as search for heavy resonances. Hence, a Monte Carlo based

extrapolation of the data based �avour tagging calibrations is done to extend

these up to 3 TeV.�e extrapolation uncertainties are calculated by propagating

the relevant modelling, tracking and jet uncertainties through the tagging algo-

rithm. In this talk, the extrapolation procedure will be explained and the results

frommy work on the extrapolation uncertainties for charm and light jets will be

presented for the b-tagging algorithms (DL1, DL1r) that are used for the analysis

of the Run 2 data by the ATLAS Collaboration.

T 70.5 Wed 17:15 T-H29
Utilizing muons to tag b-jets in ATLAS— ∙Frederic Renner, Clara Elisa-
beth Leitgeb, and Cigdem Issever—DESY, Zeuthen, Germany

Several Beyond Standard Model theories predict Higgs boson pair production

with much larger cross sections compared to the Standard Model. While Higgs

boson pair production has not yet been observed at the LHC due to the rarity

of the process, it may come within reach with more data in upcoming runs with

improved statistics and improved particle reconstruction. A Higgs boson pair

decays predominantly into four b-quarks, which makes the identi�cation of jets

originating from b-quarks particularly important. B-quarks have a longer life-

time than lighter quarks, leading to a second displaced vertex separated from

the primary vertex which is mainly exploited in b-tagging algorithms. However,

when using the results in a neural network to distinguish the �avor origin of jets,

the network still misidenti�es a lot of jets originating from lighter quarks as b-

quark jets. About 20% of b-quarks decay semileptonically with a so-called so�

muon in the �nal state. �ey are so� because they are generally less energetic

than particles originating from the primary vertex. Utilizing the muon informa-

tion, the rejection of fake b-jets can be improved substantially at a given selection

e�ciency.

T 70.6 Wed 17:30 T-H29
Signal e�ciency corrections for boosted X → bb̄ tagger using Z → bb̄ events
with the ATLAS experiment— ∙Daariimaa Battulga, Arely Cortes Gon-
zalez, and Cigdem Issever — Institut für Physik, Humboldt-Universität zu

Berlin
It is of utmost interest to e�ciently identify a new heavy resonant particle or to

study boosted Higgs boson decaying into a pair of b-quarks in the ATLAS exper-

iment. Particles produced with high transverse momentum (pT ) will have very
collimated decay products in the �nal state.�is boosted topology makes it par-

ticularly challenging to distinguish two b-jets in the calorimeter. To overcome

this, these b-jet fragmentations are clustered within a large radius R=1.0 jet, and

its associated track jets are b-tagged. However, even with this approach, the dou-

ble b-tagging e�ciency decreases at the large pT . �e boosted X → bb̄ tagger

improves the e�ciency of the b-tagging at the higher pT region. �is double
b-tagger is based on the neural network that uses the kinematic distributions of

the large-R jet and �avour information of variable radius track jets. In order to

apply this X → bb̄ tagger to the physics analysis, it needs a dedicated calibration.
Hence, this talk presents the in situ signal e�ciency calibrations of a new

X → bb̄ tagger using Z → bb̄ events. We have derived the data-to-simulation
scale factors using full Run 2 pp collision data collected by the ATLAS experi-
ment at the center of mass energy of$s = 13 TeV with an integrated luminosity

ofL = 139 fb
−1
. �e signal e�ciency corrections covering the so� (hard) pT

region are derived using Z → bb̄ events with a recoiling photon (jets).

T 70.7 Wed 17:45 T-H29
Amachine-learning based method to improve isolation variables for photon
identi�cation with the ATLAS detector— Johannes Erdmann, Olaf Nack-
enhorst, and ∙MichaelWindau—TUDortmund University, Department of

Physics

�e study of photons is crucial for �nding and measuring many processes at col-

liders. Predominantly, prompt photons, which are created during the collisions,

play an important role and have to be distinguished from hadrons decaying into

photons. Di�erent methods are used to distinguish this signal from the back-

ground. One of these is the use of isolation variables. �ese are based on track

measurements and information from the calorimeters, where they are de�ned

by the activity in a cone around the candidate object.�ey are currently built in

ATLAS by discrete cuts.

In this talk, studies on improving isolation variables using deep neural net-

works will be presented.

T 70.8 Wed 18:00 T-H29
Data-driven corrections to shower shape variables for photon identi�cation
at the ATLAS experiment with 13 TeV pp collision data— ∙Jan Lukas Späh,
BjörnWendland, and Johannes Erdmann — Technische Universität Dort-

mund, Fakultät Physik

Measurements of Standard Model processes, searches for new particles or pro-

cesses forbidden in the Standard Model with photons in the �nal state play an

important role in the physics programme of the ATLAS experiment. At hadron

colliders, studies of photons are particularly challenging, as large background

contributions arise from jets that can be misidenti�ed as photons.�is requires

an identi�cation algorithm that provides high e�ciency for genuine photons

while ensuring an excellent background rejection for misreconstructed objects.

Currently, this method relies on rectangular cuts on so-called shower shape

variables, which capture relevant information about the shape and evolution of

the electromagnetic shower and the possible leakage into the hadronic calorime-

ter. While the longitudal shower development through the calorimeter layers is

modelled well, residual mismodelling is observed for lateral shower shape distri-

butions.�erefore, the simulated distributions are corrected with a data-driven

approach.

In this talk, studies of univariate �rst- and second-order corrections obtained

from the full Run 2 dataset are discussed and recent improvements are high-

lighted.

T 70.9 Wed 18:15 T-H29
Towards tuning electromagnetic shower properties to data with AtlFast3
— ∙Joshua Beirer1,2, Michael Duehrssen

1
, and Stan Lai

2
—

1
CERN —

2
Georg-August-Universität Göttingen

AtlFast3 is the next generation of high precision fast simulation in ATLAS and

encompasses a parametrised and a machine-learning approach based on Gen-

erative Adversarial Networks (GANs). With respect to its predecessor, AtlFast3

signi�cantly improves in physics performance while retaining the bene�t of a

considerably faster simulation in comparison to Geant4.

A precise simulation of electromagnetic (EM) shower properties in theATLAS

calorimeter is crucial for the identi�cation of particle showers originating from

electrons and photons. While AtlFast3 precisely simulates the properties of EM

showers, it inevitably inherits any mismodelling of the full Geant4 simulation,

upon which its parametrization is based. Di�erences between the Geant4 simu-

lation and data collected by the ATLAS detector are well known but insu�ciently

understood. Traditionally, these discrepancies are corrected using ad hoc meth-

ods such as the applications of shi�s to the central values of the corresponding

distributions, a procedure known as fudging.

In this talk, a brief overview of fast simulation in ATLAS is given. Further-

more, the development of di�erent models directly embedded within the sim-

ulation framework used to tune EM shower properties directly to data are de-

scribed and it is shown that AtlFast3 can be modi�ed in a way that the shower

shapes observed in data are accurately reproduced by the simulation.
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T 71: Neutrino Astronomy 3
Time: Wednesday 16:15–18:30 Location: T-H30

T 71.1 Wed 16:15 T-H30
Up-going high energy showers with the �uorescence detector of the Pierre
Auger Observatory — Ioana Alexandra Caracas and ∙Karl-Heinz Kam-
pert for the Pierre Auger-Collaboration — Bergische University Wuppertal,

Gaußstr. 20, Wuppertal, Germany

�e ANITA observations of two steeply up-going cosmic ray like showers with

energies above 10
17
eV remain unexplained. �e Fluorescence Detector (FD)

of the Pierre Auger Observatory is also sensitive to such phenomena, given its

wide �eld of view and substantial operation time. Using 14 years of available FD

data, the post-selection exposure to up-going induced showers exceeds the one

of ANITA by a factor of at least 10, as indicated from dedicated studies. �ere-

fore a search for up-going induced air showers with the FD can be used to either

refute or con�rm the occurrence of such intriguing events.

We have conducted a generic search for upward cosmic ray like induced air

showers using the FD of the Pierre Auger Observatory. Dedicated Monte Carlo

simulations of both signal and expected background, together with the usage of

a 10% burn data sample, have been used in order to apply selection criteria and

calculate the resulting FD exposure.�e unblinding of the data indicates no ex-

cess found above background expectations. As a result, preliminary upper limits

are set on the �ux of up-going cosmic ray like induced air showers.

*Gefördert durch die BMBF Verbundforschung Astroteilchenphysik (Vorhaben
05A20PX1)

T 71.2 Wed 16:30 T-H30
Constraining BSM scenarios producing up-going τ induced air showers with
the Pierre Auger Observatory*— ∙Ioana Alexandra Caracas for the Pierre
Auger-Collaboration — Bergische University Wuppertal, Gaußstr. 20, Wupper-

tal, Germany

High energy steeply up-going air showers as observed by ANITA can’t be ex-

plained by Standard Model (SM) physics and require Beyond Standard Model

(BSM) scenarios. τ-leptons decaying in the atmosphere represent the main pri-
mary candidates for such showers.

�e Pierre Auger Observatory has set strict upper limits on the �ux of up-

going cosmic ray like air showers. �e generic search is recast here in terms of

BSM particles producing up-going τ-leptons. In any such BSM scenario a signif-
icantly reduced cross section of the hypothetical particle with matter is required,

allowing them to propagate through the Earth with su�ciently low interaction

probability. Interactions close to the surface could result in the creation of τ-
leptons that escape into the atmosphere to induce up-going showers. �e opti-

mum BSM cross section for this to happen is found to be σBSM ≈ 10
−2σí .

Using both the Surface Detector and the Fluorescence Detector data, com-

bined upper limits are set on particles creating up-going τ-leptons for di�erent
BSM scenarios.

*Gefördert durch die BMBF Verbundforschung Astroteilchenphysik (Vorhaben
05A20PX1)

T 71.3 Wed 16:45 T-H30
Search for a high energy neutrino �ux from Gamma Ray Bursts using
the Pierre Auger Observatory* — ∙Tobias Heibges for the Pierre Auger-
Collaboration — Bergische Universität Wuppertal, Gaußstraße 20 42119 Wup-

pertal, Germany

Gamma Ray Bursts (GRBs) are among the most violent explosions known in the

Universe. A characteristic feature is a very high �ux of gamma rays produced

in these explosions which can be observed and located by satellites, such as the

Swi� and Fermi satellites.

A high energy gamma ray �ux can be interpreted as an indication for the ac-

celeration of charged particles up to the highest energies.�erefore, GammaRay

Bursts are among the prime candidates to be sources of ultra high energy cosmic

rays (UHECRs). High energy neutrinos are commonly regarded as a smoking

gun indicator of UHECR acceleration and as they are not de�ected by magnetic

�elds they can be easily traced back to their source and thereby contribute to

unraveling the mystery about the origin of UHECRs.

�e Pierre Auger Observatory is sensitive to high energy neutrinos with en-

ergies beyond ∼ 10
17
eV. In this talk the non-observation of any high energy

neutrino events is used to set an upper limit on the high energy neutrino �ux

seen on earth, produced by GRBs.

* Supported by BMBF Verbundforschung, grant 05A20PX1

T 71.4 Wed 17:00 T-H30
Event selection for new triggers used for neutrino detection at the Pierre
Auger Observatory*— ∙Srijan Sehgal for the Pierre Auger-Collaboration —
Bergische Universität Wuppertal, Wuppertal, Germany

�e Pierre Auger Observatory with its large array of Surface Detector (SD) sta-

tions can be used to detect highly inclined neutrino-induced extensive air show-

ers. Two new SD triggers, time-over-threshold-deconvolved (ToTd) and multi-

plicity of positive steps (MoPS), installed in 2014 were shown to vastly increase

the detection capability for the neutrino-induced air showers in the lower energy

(E < 10
19
eV) regime with a little to no change in background events.

�is talk analyzes the event selection procedure on data and neutrino-induced

showers simulated with CORSIKA both reconstructed using the Auger so�ware

framework. Events in the zenith angle range of 60
o < θ < 75

o
and energies

below 10
19
eV are selected to investigate the low-energy performance of the new

triggers. �e main point of focus is the e�ect of the new triggers on e�ciency

and purity of an improved neutrino selection.

*Gefördert durch die BMBF Verbundforschung Astroteilchenphysik (Vorhaben
05A20PX1)

T 71.5 Wed 17:15 T-H30
Reconstruction performance using RNO-G— ∙Sjoerd Bouma for the RNO-
G Collaboration-Collaboration — Erlangen Centre for Astroparticle Physics

(ECAP), Erwin-Rommel-Str. 1, D-91058 Erlangen

RNO-G is an in-ice radio detector in Greenland which aims to detect Extremely

High Energy (EHE) neutrinos through the Askaryan e�ect. Deployment started

in Summer 2021, with the �rst 3 out of a planned 35 detector stations now built

and taking data. As the �rst production-scale in-ice radio neutrino detector,

RNO-G both complements as well as helps to inform the design of the planned

radio extension of IceCube-Gen2.

One important aspect of RNO-G and potential future radio neutrino detec-

tors, aside from their e�ective volume, is the ability to reconstruct the properties

of detected (neutrino-induced) radio shower signals. An accurate reconstruction

of the neutrino direction is crucial in order to identify potential sources of EHE

neutrinos. We will present a brief overview of the current state of reconstruction

performance using algorithms developed for the open-source NuRadioMC so�-

ware package by the RNO-G collaboration, and provide an outlook for future

improvements.

T 71.6 Wed 17:30 T-H30
Data reduction for the Radio Neutrino Observatory Greenland— ∙Zachary
Meyers for the RNO-G Collaboration-Collaboration — DESY, Platanenallee 6,

15738 Zeuthen, Germany— Erlangen Center for Astroparticle Physics (ECAP),

Friedrich- Alexander-University Erlangen-Nuremberg, 91058 Erlangen, Ger-

many

Continuing the search for utra-high energy neutrinos (> 10 PeV) beyond the

range of optical detection methods, the Radio Neutrino Observatory Greenland

(RNO-G) is now online a�er a successful �rst season of deployment. Total data

taken during the shortened 2021 campaign from the three operational stations

amounts to nearly ten million recorded events, requiring more than 330GB of

storage. While this could be considered a manageable sum, next year another

7 stations are planned to come online, while the complete array will consist of

35 total. And for future experiments, requiring hundreds of similar stations, the

data volumes rapidly increase to a level where it is no longer feasible to run direc-

tion and energy reconstruction algorithms on the entire dataset. Low level cuts

must be made early in the data processing stages (or even onboard the detec-

tor itself in real time) in order to be computationally e�cient. In an attempt

to discriminate between thermal noise �uctuations, anthropogenic noise and

neutrino-like signal, we show the potential e�ectiveness of deep learning ap-

proaches, speci�cally convolutional neural networks (CNNs), in both the time

and frequency domains. When compared and combined with more traditional

methods such as matched �ltering, a comprehensive strategy for post trigger �l-

tering can be established.

T 71.7 Wed 17:45 T-H30
Cosmic ray detection e�ciency and implications for in-ice radio detectors
for high-energy neutrinos — ∙Lilly Pyras for the RNO-G Collaboration-
Collaboration — DESY, Platanenallee 6, 15738 Zeuthen, Germany — Erlan-

gen Center for Astroparticle Physics (ECAP), Friedrich-Alexander-University

Erlangen-Nuremberg, 91058 Erlangen, Germany

A promising technique tomeasure neutrinos above 10 PeV is the detection of ra-

dio signals generated by the Askaryan e�ect.�e emission is caused by neutrino-

induced particle cascades in dense media e.g. ice. Since 2021 the Radio Neutrino

Observatory Greenland (RNO-G) is being deployed, consisting of in-ice strings

of antennas down to 100 m and antennas closer at the surface. One of the main

challenges of the data analysis is distinguishing between background stemming

from cosmic rays e.g. high energy muons and a real neutrino event. By build-

ing the detector with surface antennas we can use the established method of

radio detection of air showers to identify incoming muons and use these sig-

nals as veto mechanism in the neutrino detection. An e�cient veto trigger will

lend higher con�dence in identifying neutrinos and prevent the false positive

neutrino detections caused by muons. �is report presents the development of

tagging incoming air showers as veto and analyses its performance.
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T 71.8 Wed 18:00 T-H30
Search for periodic low energy neutrino sources — ∙Maximilian Eff

for the ANTARES-KM3NET-ERLANGEN-Collaboration — ECAP, Friedrich-

Alexander Universität Erlangen-Nürnberg (FAU), Erlangen, Germany

Pulsars are rotating neutron stars that emit beams of electromagnetic radiation.

Neutrino emission from pulsars has been the subject of phenomenological mod-

els during the last decades. So far, experimental data has not shown any signif-

icant neutrino emission at high energies. �is contribution reports about the

development of a novel approach that aims at identifying low-energy neutrinos

from periodic sources with a neutrino telescope.�is is done by applying a Fast

Fourier Transformation to the PMT counting rate time series.

T 71.9 Wed 18:15 T-H30
PLEnuM:Aworld-widemonitoring systemof high-energy astrophysical neu-
trinos— ∙Lisa Schumacher1, MatteoAgostini

2
, Mauricio Bustamante

3
,

Foteini Oikonomou
4
, and Elisa Resconi

1
—

1
ECP, TU Munich, GER —

2
UCL, London, UK —

3
NBI, Copenhagen, DEN—

4
NTNU, Trondheim, NOR

�e discovery of high-energy astrophysical neutrinos by IceCube has shaped

neutrino astronomy in the recent years. However, the observation rate of as-

trophysical neutrinos in the TeV-PeV energy range remains small, such that var-

ious questions about high-energy neutrinos and their astrophysical origin re-

main open.�is situation will improve when new neutrino telescopes will come

online in the next years: KM3NeT, Baikal-GVD and P-ONE in the Northern

Hemisphere, as well as IceCube-Gen2 as extension of IceCube in the Southern

Hemisphere. In order to answer our open questions, we propose the Planetary

NeutrinoMonitoring System (PLEnuM), a concept for a combined repository of

world-wide high-energy neutrino observations. PLEnuM can reach more than

four times the exposure available today by combining the exposures of the cur-

rent and future neutrino telescopes distributed around the world. Depending on

the declination, spectral index, and �avor, PLEnuM will improve the sensitivity

to astrophysical neutrinos by up to two orders of magnitude. We present �rst

estimates on the capability of PLEnuM to discover Galactic and extragalactic

sources of astrophysical neutrinos and to characterize the di�use �ux of high-

energy neutrinos in unprecedented detail.

T 72: Cosmic Ray 3
Time: Wednesday 16:15–18:30 Location: T-H31

T 72.1 Wed 16:15 T-H31
Using in-ice muons for Cosmic-Ray composition analysis at IceCube Obser-
vatory — ∙Paras Koundal for the IceCube-Collaboration — Institute for As-
troparticle Physics, KIT Karlsruhe, Germany

Understanding the dynamics of astrophysical sources is a pursuit that is very

dear to many astrophysicists. Cosmic-Rays (CRs), charged particles from these

astrophysical accelerators, provide us with a unique opportunity to discern the

fundamental properties and behavior of such sources. IceCube Neutrino Obser-

vatory, concealed deep under the South-Pole Antarctic ice, detects the particles

from these astrophysical sources.�e integrated operation of the in-ice array of

IceCube (primarily a neutrino detector), with its surface array, IceTop, a�ords us

unique three-dimensional detection capabilities for CR-induced air showers.

�e talk will discuss the work done to use the in-ice shower-footprint pri-

marily caused by high-energetic muons in cosmic-ray air-showers, for improv-

ing cosmic-ray composition estimation at IceCube Observatory. �e work will

introduce new composition-sensitive parameters with minimal dependence on

hadronic-interaction models. Hence, the work provides a suitable solution for

detailed composition analysis while reducing systematic e�ects of choosing a

hadronic-interaction model for interpretation of observed real data.

T 72.2 Wed 16:30 T-H31
Unfolding the Atmospheric Muon Spectrum Using Stopping Muons in Ice-
Cube— ∙LucasWitthaus, Karolin Hymon, JohannesWerthebach, Jan-

inaBolles, and Jan Soedingrekso for the IceCube-Collaboration—Astropar-

ticle Physics WG Rhode, TU Dortmund University, Germany

�e IceCube Neutrino Observatory is a cubic-kilometer neutrino detector lo-

cated in the ice sheet close to the geographical South Pole. However, themajority

of detected events is caused by atmosphericmuons created in cosmic ray induced

air showers in the upper layers of the atmosphere. Upon entering the antarctic

ice, they lose energy in interactions with the surrounding matter, resulting in a

limitation of their propagation length.

�is talk presents the unfolding of the stopping muon depth intensity by

means of a maximum likelihood approach. It is conducted on a subset of events,

comprising single muons, which stop inside the IceCube detector. Deep neural

networks are used to perform the event classi�cation and reconstruction tasks.

T 72.3 Wed 16:45 T-H31
Towards the Energy Spectrum of Cosmic Rays using Atmospheric Stopping
Muons in IceCube— ∙Janina Bolles, Karolin Hymon, JohannesWerthe-

bach, LucasWitthaus, and Jan Soedingrekso for the IceCube-Collaboration

— Astroparticle Physics WG Rhode, TU Dortmund University, Germany

In the IceCubeNeutrinoObservatory themain type of detected events aremuons

being produced by cosmic ray particles interacting with the Earth’s atmosphere.

In the context of neutrino analyses, these muons are the dominant background.

In case of cosmic ray physics the energy losses of the muons within the detector

can be used as an indicator to reconstruct the cosmic ray energy spectrum.

In this work, muon events stopping inside the detector are selected to use the

range to the stopping point as a proxy for the muon energy.�is approach takes

advantage of the high statistics of atmospheric muons. Strict cuts on the recon-

struction can be applied to obtain an event sample of single muons with high

resolution. �e reconstructed range of the muons can be used to estimate the

cosmic ray energy spectrum. First results of the unfolded cosmic ray �ux are

presented.

T 72.4 Wed 17:00 T-H31
Anupdatedmodel of galactic di�use neutrinos for future IceCube searches—
∙Georg Schwefer

1,2
, Philipp Fürst

2
, Erik Ganster

2
, Philipp Mertsch

1
,

and Christopher Wiebusch
2
—

1
RWTH Aachen University - Institute for

�eoretical Particle Physics and Cosmology, Aachen, Germany —
2
RWTH

Aachen University - Physics Institute III B, Aachen, Germany

Di�use galactic neutrinos are produced in interactions of hadronic cosmic rays

with the interstellar medium in the Milky Way. �is �ux is a practically guar-

anteed signal for high-energy neutrino observatories. It has not been identi�ed

yet, but recent searches indicate that a discovery might be in reach within the

next few years.

Because of the large background from atmospheric neutrinos, these searches

require detailed modelling of the signal. �ese models also relate the (non-

)observations to the propagation and injection properties of galactic cosmic rays

at PeV energies.

In this talk, we present an updated model for the galactic di�use neutrino �ux

tuned to the latest direct cosmic ray and di�use gamma ray measurements, and

discuss its systematic dependencies. We also show sensitivity estimates for future

IceCube galactic plane searches with this model.

T 72.5 Wed 17:15 T-H31
Neural networks for cosmic ray simulations— ∙Pranav Sampathkumar, An-
tonio Augusto Alves Junior, Tanguy Pierog, and Ralf Ulrich for the

CORSIKA 8-Collaboration — Institute for Astroparticle Physics (IAP) - KIT

Simulating cosmic ray showers at high energies is very memory and time inten-

sive. Current model-dependent hybrid techniques are constrained by our abil-

ity to model from known physics. �is contribution discusses novel machine

learning techniques in order to bypass explicit simulations, and extract features

which can’t be modeled easily from �rst principles. �e potential of Genera-

tive Adversarial Neural Networks (GANs) in learning and emulating cosmic ray

simulations is discussed, along with a presentation of preliminary attempts in

using a GAN in generating universal electron-positron distributions associated

to showers with varying primaries and energies.�e applicability and potential

pitfalls in using a neural network based approach for cosmic ray simulations is

also discussed. Finally, a CONEX (hybrid simulations using cascade equations)

inspired Recurrent Neural network (RNN) model is presented. Preliminary re-

sults obtained from training an RNN using a cosmic ray simulation dataset for

electromagnetic cascades generated using CORSIKA8 are summarized.

T 72.6 Wed 17:30 T-H31
Extrapolation uncertainty of meson-air cross-sections in UHECR air shower
simulations— ∙Maximilian Reininghaus

1,2
, RalfUlrich

1
, Ralph Engel

1
,

and Tanguy Pierog
1
—

1
Karlsruher Institut für Technologie, Karlsruhe,

Deutschland —
2
Instituto de Tecnologías en Detección y Astropartículas,

Buenos Aires, Argentina

�e interaction cross-sections of long-lived hadronswith air nuclei are an impor-

tant ingredient in the simulation of air showers initiated by high energy cosmic

rays. For protons they are tightly constrained by LHC measurements. For other

species, in particular pions, which are themost abundant hadrons in air showers,

however, precisemeasurements are available only at low energies. Since there ex-

ists signi�cant leeway in a large energy range up to the highest energies, hadronic

interation models di�er in their extrapolations by up to 30%.

In this contribution, we study the impact of this extrapolation uncertainty on

air shower phenomenology by introducing ad hoc, energy-dependent factors to

scale the cross-sections for each species independently. Using a hybrid setupwith
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CORSIKA 8 and CONEX, we simulate UHECR air showers with these modi-

�ed cross-sections and study the e�ect on muon content, shower maximum and

muon production depth. We �nd that the longitudinal development is sizeably

a�ected, while the particle content changes only to a minor degree.

T 72.7 Wed 17:45 T-H31
Simulating radio emission from air showers with CORSIKA8— ∙Nikolaos
Karastathis

1
, Remy Prechelt

2
, Tim Huege

1,3
, and Juan Ammerman-

Yebra
4
for the CORSIKA 8-Collaboration —

1
Institute for Astroparticle

Physics, Karlsruhe Institute of Technology, Karlsruhe, Germany—
2
Department

of Physics and Astronomy, University of Hawaii Manoa, Hawaii, USA —
3
Astrophysical Institute, Vrije Universiteit Brussel, Brussels, Belgium —

4
Instituto Galego de Física de Altas Enerxías, Universidade de Santiago de Com-

postela, Santiago de Compostela, Spain

CORSIKA 8 (C8) is a new framework for air shower simulations implemented in

modernC++17, based on past experiencewith existing codes like CORSIKA 7. It

is a project structured in amodular and �exible way that allows the inclusion and

development of independent modules that can produce a fully customizable air

shower simulation.�e calculation of radio emission from the simulated particle

showers is incorporated as an integral module of C8, including signal propaga-

tion and electric �eld calculation at each antenna location using the ”Endpoints”

and ZHS formalisms simultaneously. Due to C8’s �exibility, the radio functional-

ity can be used both to validate other physics modules and to investigate speci�c

physical scenarios. In this talk, we are going to present air shower simulations

generated with C8 and compare their predicted radio emission with correspond-

ing air showers simulated with CORSIKA 7 and ZHAireS. Radio calculation val-

idation, a comparison of the ”Endpoints” and ZHS formalisms along with the

future steps of radio in C8 are also going to be shown.

T 72.8 Wed 18:00 T-H31
Energy Reconstruction using a Template Method for Radio Signal of Air
Showers recorded by the Prototype Station of the IceCube Surface Enhance-
ment— ∙Roxanne Turcotte for the IceCube-Collaboration— Institut für As-
troteilchenphysik, Karlsruher Institut für Technologie (KIT)

�e IceTop array, located at the surface of the IceCube Neutrino Observatory, is

currently used as a veto for the in-ice neutrino detection as well as a cosmic-ray

detector. Over the years, snow accumulated on the IceTop detector leading to a

reduction of its sensitivity and resolution. In order to improve the detector, an

enhancement of IceTop is planned in the coming years which consists of an array

of scintillation panels and radio antennas.�e radio antennas will lead to a bet-

ter resolution of the energy and the depth of shower maximum (Xmax) around
the second knee region of the cosmic-ray energy spectrum. Eventually, hybrid

detection will enable a better estimation for the mass of the primary cosmic ray.

In January 2020, a prototype station comprising three antennas and eight scin-

tillation panels was deployed at the South Pole. We developed the tools necessary

to use a template-matching method for energy reconstruction and applied it to

some of the radio events recorded.�is template method usesMonte-Carlo sim-

ulations and compares it to recorded data. For this, a set of simulations is created

using the reconstruction by IceTop as input to CORSIKA/CoREAS. In this talk,

we will present the method and the preliminary results.

T 72.9 Wed 18:15 T-H31
IceAct Upgrade Status - SiPM Based Compact Imaging Air-Cherenkov Tele-
scopes for IceCube — ∙Hannah Erpenbeck, Thomas Bretz, Lars Heuer-
mann, Cengiz Kuruoglu, Frank Malowski, Mark Meyers, Florian Re-

hbein, Merlin Schaufel, and Christopher Wiebusch for the IceCube-

Collaboration — RWTH Aachen University - Physics Institute III B, Aachen,

Germany

IceAct is an array of compact imaging air Cherenkov telescopes that are opti-

mized for the harsh conditions of the South Pole. Since January 2019 two IceAct

telescopes, featuring 61 SiPM pixels and a Fresnel lens based optics, operate at

the surface above IceCube in the center of IceTop. By hybrid measurements of

cosmic rays together with the IceTop and the IceCube detectors, they enable im-

proved cosmic ray studies and cross calibrations. Six new telescopes are currently

being assembled as an upgrade for IceAct. To ensure high instrument reliability,

each of the telescopes is tested individually including �eld tests and strict quality

assurance of all components.�is talk will report on the project status as well as

on the construction and the testing results of the new telescopes.

T 73: Cosmic Ray 4
Time: Wednesday 16:15–18:15 Location: T-H32

T 73.1 Wed 16:15 T-H32
Probing magnetic �elds in the Galactic halo and studing their e�ects on ar-
rival direction of cosmic rays— ∙Vasundhara Shaw, Andrew Taylor, and
ArjenVanVliet—Deutsches Elektronen-Synchrotron (DESY), Zeuthen, Ger-

many

�e Galactic halo in the past was less explored than other regions of the Galaxy.

However, in the last decade, this has started to change with the observation of

the Fermi bubbles and the latest eROSITA bubbles, we know that there is much

to unravel in this region.

�ese large extended Galactic halo bubbles can play a key role in the magnetic

�eld structure of the Galaxy. �e magnetic �elds for the bubble region have so

far been largely masked out in the models however, the strength and geometry

of magnetic �elds in this region can be fundamental not only in understanding

the Galactic magnetic �elds but also the de�ection of extra-Galactic cosmic rays.

In this talk, I will try to motivate the reason behind our toy model magnetic

�eld for the Galactic halo and highlight how it compares with radio observation

data.�e second part of this talk will focus on the e�ect arrival directions of cos-

mic rays from our toy model and compare it with other existing magnetic �eld

models.

T 73.2 Wed 16:30 T-H32
Incorporating the Galactic magnetic �eld into the propagation e�ects of cos-
mic rays in the transition region* — ∙Alex Kääpä — Bergische Universität
Wuppertal, Gaußstr. 20, 42119 Wuppertal

In the energy range signifying the transition from Galactic to extragalactic cos-

mic rays (GCRs and EGCRs), propagation in the Galactic magnetic �eld (GMF)

changes from di�usive to ballistic. �is leads to a range of observable e�ects

vital to understanding the respective contributions of GCRs and EGCRs to the

total �ux. GCRs more readily leak out of the Galaxy with increasing energy and,

hence, the �ux arriving at Earth is suppressed. EGCRs experience two compet-

ing e�ects, shielding from as well as con�nement in the Galactic plane, both of

which weaken with energy. �ese e�ects have been re-con�rmed to cancel ex-

actly in the case of isotropic injection. Flux modi�cations can occur in the case

of an anisotropic EGCR �ux into the Galaxy.�eir nature depends both on the

type and direction of the anisotropy.

In this talk, we present the propagation e�ects that the GMF imposes on the

�ux of GCRs and EGCRs. We incorporate these into minimal, experimentally

and theoretically motivated injection spectra of GCRs and EGCRs. With this

incorporation, we seek to retrieve a more realistic picture of the expected �ux

arriving at Earth, and to better estimate the nature and degree of possible addi-

tional contributions to the injected �ux.

* Gefördert durch die BMBF Verbundforschung Astroteilchenphysik

(Vorhaben 05A20PX1).

T 73.3 Wed 16:45 T-H32
In�uence of di�usive cosmic-ray transport onmultimessenger observables—
∙Patrick Reichherzer1,2,3, Julia Becker Tjus1,2, Lukas Merten

1,2
, Lean-

der Schlegel
1,2
, Julien Dörner

1,2
, M.J. Pueschel

4,5
, and Ellen Zweibel

6

—
1
�eoretical Physics IV: Plasma-Astroparticle Physics, Faculty for Physics &

Astronomy, Ruhr-Universität Bochum, D-44780 Bochum, Germany —
2
Ruhr

Astroparticle And Plasma Physics Center (RAPP Center), Bochum, Germany—
3
University Paris-Saclay, France—

4
Dutch Institute for Fundamental Energy Re-

search, 5612 AJ Eindhoven,�e Netherlands —
5
Eindhoven University of Tech-

nology, 5600 MB Eindhoven,�e Netherlands —
6
Department of Astronomy,

University of Wisconsin-Madison, Madison, WI 53706, U.S.A.

Cosmic-ray transport in astrophysical environments is o�en dominated by di�u-

sion in a magnetic �eld with a turbulent component.�e di�usion properties of

charged particles directly in�uence observable properties, such as the spectrum

of cosmic rays and their secondaries produced in interactions. Inmany di�usion

scenarios, the simpli�ed assumption of fully resonant Kolmogorov di�usion in

the quasi-linear limit results in a parallel di�usion coe�cientD ∝ E1/3
. A quan-

titative investigation of the scattering regimes, however, shows that the di�usion

coe�cient tensor can deviate signi�cantly from this behaviour. In this talk, the

complex dependencies of charged particle di�usion on the turbulence level of

the magnetic �eld are presented. Examples of how this a�ects observational sig-

natures will be shown in the context of galaxies or the transient sky, i.e., �aring

Blazars.

T 73.4 Wed 17:00 T-H32
Perception of arrival direction maps of cosmic rays — ∙Edyvania Emily
PereiraMartins

1
, Markus Roth

2
, and Darko Veberič

2
—

1
Institut für Ex-

perimentelle Teilchenphysik - Karlsruher Instituts für Technologie, Karlsruhe,

Germany —
2
Institut für Astroteilchenphysik - Karlsruher Instituts für Tech-

nologie, Karlsruhe, Germany

�e processing of visual information in the human brain is guided by identify-

ing colors and patterns formed by same-color areas. In cosmic-ray research, two
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main interests are to relate detected events to their sources and to identify excess

regions in the sky. In this pursuit, maps of arrival directions are a commonly

used tool. Depending on the choice of the smoothing applied to the maps, the

plotting can render di�erent locations of the perceived �ux-excess regions on

the map, represented in a di�erent color to the �ux-de�cit regions. In addition,

the most commonly used smoothing fabricates structures that are not real nor

signi�cant, and can lead to misinterpretation. An alternative to the standard,

top-hat smoothing is presented, which facilitates the interpretation of data.

T 73.5 Wed 17:15 T-H32
Self-con�nement of low-energy cosmic rays around supernova remnants —
∙Hanno Jacobs, PhilippMertsch, andVo-HongMinhPhan—TTKRWTH

Aachen
Supernova Remnants have long been considered as promising candidate sources

for cosmic rays. However, modelling the transport around these sources is di�-

cult due to its nonlinear nature.�e strong overdensity in the near source region

leads to the production of plasma turbulence, upon which the particles scatter.

To calculate this mechanism, called self-con�nement, requires the numerical so-

lution of two coupled di�erential equations describing the transport of particles

and waves. Here, this formalism is extended to energies below 10GeV, where

energy losses become relevant. Particles around 100MeV are found to be con-

�ned for in between 300 kyr and 1Myr, depending on the interstellar medium.

�e di�usion coe�cient is initially suppressed by up to two orders of magnitude.

Interestingly, the spectrum outside the supernova �attens below 1GeV at later

times, similar to the spectral behaviour observed by Voyager. Furthermore, the

grammage accumulated in the near source region is found to be non-negligible,

which could be important for precision �tting cosmic ray spectra.

T 73.6 Wed 17:30 T-H32
No longer ballistic, not yet di�usive–the formation of cosmic ray small-
scale anisotropies — ∙Marco Kuhlen, Vo Hong Minh Phan, and Philipp

Mertsch— TTK Institut, RWTH Aachen

In the standard picture of cosmic ray transport the propagation of charged cos-

mic rays through turbulent magnetic �elds is described as a random walk with

cosmic rays scattering on magnetic �eld turbulence. �is is in good agreement

with the highly isotropic arrival directions as this di�usion process e�ectively

isotropizes the cosmic ray distribution. However, high-statistics observatories

like IceCube and HAWC have observed signi�cant deviations from isotropy

down to very small angular scales. �is is in strong tension with this standard

picture of cosmic ray propagation. By relaxing one of the assumptions of quasi-

linear theory and explicitly considering the correlations between the �uxes of

cosmic rays fromdi�erent directions, we show that power on small angular scales

is a generic feature of particle propagation through turbulent magnetic �elds.

We present a �rst analytical calculation of the angular power spectrum assum-

ing a physically motivated model of the magnetic �eld turbulence and �nd good

agreement with numerical simulations. We argue that in the future, themeasure-

ment of small-scale anisotropies will provide a new window to testing magnetic

turbulence in the interstellar medium.

T 73.7 Wed 17:45 T-H32
Non-thermal ion acceleration at highly oblique non-relativistic shocks —
∙Naveen Kumar and Brian Reville — Max-Planck Institute for Nuclear

Physics Heidelberg, Germany

Non-thermal acceleration of particles (both electrons and ions) at an oblique,

non-relativistic shock is demonstrated by using one-dimensional large-scale

particle-in-cell simulations. Our results show the generation of non-thermal

ions at highly oblique shocks with acceleration e�ciencies of ∼ 5% measured

at the end of simulation runs.�ese results have important implications for un-

derstanding the non-thermal radiation generation at astrophysical sites such as

supernova remnants.

T 73.8 Wed 18:00 T-H32
Can superbubbles accelerate PeV protons?— ∙Thibault Vieu and Brian Re-
ville—Max-Planck-Institut für Kernphysik, Postfach 10 39 80, 69029 Heidel-

berg, Germany

�e local cosmic-ray spectrum and recent gamma-ray observations suggest the

existence of Galactic sources able to accelerate protons up to at least several PeV.

�ese sources are still to be identi�ed. Standard scenarios of particle accelera-

tion at isolated supernova remnants struggle to reach PeV bands. However, most

massive stars are not isolated but clustered. Clustered stars heat their surround-

ingmedium, which in�ates a cavity called a superbubble. In the superbubble, the

stellar feedback creates multiple shocks, a turbulent environment, and ampli�es

the magnetic �elds. �ese are ideal conditions for particle acceleration and su-

perbubbles have long been thought to accelerate PeV protons. While it is indeed

expected that an extended and strongly turbulent source could accelerate pro-

tons up to tens of PeV, it is yet unclear how the di�erent acceleration processes

can act collectively in superbubbles.

In this work we estimate the maximum energy of protons accelerated in su-

perbubbles, considering various detailed scenarios. We derive under which cir-

cumstances PeV protons are expected. �e forward shock of the superbubble

barely accelerates particles up to 100 TeV. Supernova remnants expanding in the

interior, or the collective wind termination shock which forms around a com-

pact cluster, barely accelerate PeV protons. We show that protons of several PeV

are only expected within loose and extended stellar clusters.

T 74: Neutrino Physics without Accelerators 5
Time: Wednesday 16:15–18:20 Location: T-H33

Group Report T 74.1 Wed 16:15 T-H33
CEíNS and new neutrino physics searches with the CONUS experiment
— ∙Edgar Sanchez Garcia for the CONUS-Collaboration — Max-Planck-

Institut für Kernphysik (MPIK), Heidelberg

�e CONUS experiment (COherent elastic NeUtrino nucleus Scattering) aims

to detect coherent elastic neutrino-nucleus scattering (CEíNS) of reactor an-
tineutrinos on germanium nuclei in the fully coherent regime.�e CONUS ex-

periment - operational since April 2018 - is located at a distance of 17m from

the 3.9 GWth core of the Brokdorf nuclear power plant (Germany). �e possi-

ble CEvNS signature is measured by four 1 kg point-contact high-purity germa-

nium (HPGe) detectors, which provide a sub keV energy threshold with back-

ground rates in the order of 10 events per kg, day and keV.�e analysis of the �rst

CONUS data set allows to establish the current best limit on CEíNS from a nu-
clear reactor with a germanium target. Moreover, competitive limits on neutrino

physics beyond the standard model can be set such as on non-standard neutrino

interactions or on the neutrino electromagnetic properties.�ese results will be

presented in this talk together with the CONUS long-term operation.

T 74.2 Wed 16:35 T-H33
Novel constraints on neutrino physics beyond the standard model from the
Conus experiment— ∙Thomas Rink for the CONUS-Collaboration — Max-
Planck-Institut für Kernphysik (MPIK)

�e detection of coherent elastic neutrino-nucleus scattering (CEíNS) opens up
new opportunities for neutrino physics within and beyond the standard model.

As a leading reactor experiment, Conus aims for an observation in the fully co-

herent regime with antineutrinos emitted from the powerful 3.9GWth reactor

of the nuclear power plant in Brokdorf (Germany). In particular, the applica-

tion of ultra-low threshold, high-purity germanium detectors within a compact

shield design in close vicinity to a nuclear reactor core describes the next mile-

stone towards high-statistics neutrino physics. �e acquired and future Conus

data sets allow investigations of yet undetected neutrino channels and electro-

magnetic properties. Moreover, measurements of the Weinberg angle with neu-

trinos at the MeV-scale and analyses of the high energy part of a reactor’s an-

tineutrino emission spectrum become possible with CEíNS.�is talk deals with
constraints on beyond the standardmodel neutrino phenomenology that are ob-

tained from data collected between April 2018 and June 2019. Bounds on non-

standard neutrino-quark interactions of vector and tensor type from CEíNS are
presented. Further, the parameter space of simpli�ed scalar and vectormediators

that is probed by CEíNS and elastic neutrino-electron scattering is discussed.
Finally, limits on an e�ective neutrino magnetic moments and an e�ective neu-

trino millicharge are given.

T 74.3 Wed 16:50 T-H33
Pulse Shape Discrimination for the CONUS experiment — ∙Josef Stauber
for the CONUS-Collaboration — Max-Planck-Institut für Kernphysik (MPIK),

Heidelberg, Germany

�e CONUS experiment, located at the nuclear power plant in Brokdorf, Ger-

many, aims at the detection of coherent elastic neutrino nucleus scattering

(CEíNS) in the fully coherent regime. Four 1kg-sized point-contact germanium
detectors are used for this purpose. �e suppression of the background and a

very low energy threshold are crucial for the successful detection of CEíNS.
�e pulse shape discrimination PSD o�ers a tool to reduce the background

by analysing the shapes of the individual events. �e data acquisition module

(DAQ) can alter the pulse shape (electric feedback) and add electrical noise to

the signal. In this talk the concept of the PSD will be presented with special fo-

cus on the DAQ feedback and the impact of electrical noise in the low energy

regime.
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T 74.4 Wed 17:05 T-H33
Shield and detector optimization for the CONUS experiment — ∙Janina
Hakenmüller for the CONUS-Collaboration—Max-Planck-Institut für Kern-

physik, Saupfercheckweg 1, 69115 Heidelberg, Germany

�e CONUS experiment is looking for coherent elastic neutrino nucleus scat-

tering (CEíNS) with four low energy threshold point contact high-purity Ge
spectrometers. �e CONUS Collaboration is exploring options for a new reac-

tor site outside Germany to continue and extend its scienti�c program. In the

talk, the possibilities of improvement regarding the shield and detector design

will be explored. �e strong neutrino �ux required for a detection is provided

by a nuclear power plant, where only a small overburden to shield against cos-

mic rays is available.�e current CONUS shield employs 25 cm of lead to shield

against environmental gamma rays. Cosmic ray muons create secondaries in-

side the lead especially neutrons, that can induce CEíNS like recoils in the de-
tector. Even though the background is suppressed by an active muon veto, it

still contributes signi�cantly to the measured background. With the help of MC

simulations improvements and alternatives of the shield design are examined.

Additionally, also the impact of a larger crystal size on the background as well as

potentially enhancements of detector-speci�c background will be discussed.

T 74.5 Wed 17:20 T-H33
Simulation of Pulse Shapes for Low Background Germanium Spectrome-
ters in CONUS— ∙JanineHempfling for the CONUS-Collaboration —Max-
Planck Institut für Kernphysik (MPIK), Heidelberg

�e CONUS experiment aims to detect coherent elastic neutrino nucleus scat-

tering (CEíNS). For this goal four 1 kg point-contact high-purity germanium
detectors are operated near the 3.9GWth core of the Brokdorf nuclear power

plant. A very good background suppression is crucial for the success of the ex-

periment, achieved by an elaborate shield. A new opportunity for additional

background reduction is o�ered by pulse shape analysis of the detector signals.

To verify this analysis a pulse shape simulation (PSS) for the CONUS experiment

is developed based on the so�ware package SigGen. Additionally, investigations

of the correlation between the signal shape and the interaction position as well

as the fraction of single-site events and multi-site events are possible with the

PSS.�is talk presents the requirements needed to set up a PSS, starting from

the input signal generation with the GEANT4 frameworkMaGe to the modeling

of the response of the electronics up to the �nal output pulses. Furthermore, a

comparison between the obtained simulation results and the measured signals

will be discussed.

T 74.6 Wed 17:35 T-H33
�e CRAB Experiment: a New Calibration Technique for CEvNS Detec-
tors in the 100 eV Regime— ∙VictoriaWagner for the CRAB-Collaboration
— Physik-Department, Technische Universität München, D-85748 Garching,

Deutschland
Searches for light dark matter (DM) and studies of coherent elastic neutrino-

nucleus scattering (CEvNS) imply the detection of nuclear recoils in the 100 eV

range. However, an absolute energy calibration in this regime is yet missing.�e

CRAB project proposes a method based on nuclear recoils induced by the emis-

sion of an MeV-gamma following thermal neutron capture. Detailed feasibility

studies show that this method yields distinct nuclear recoil calibration peaks at

112 eV and 160 eV for tungsten. In the �rst phase, the CRAB project foresees to

perform a nuclear recoil calibration of cryogenic CaWO4 detectors read-out by

TES.�e low power TRIGA reactor in Vienna provides a clean beam of thermal

neutrons well suited for such a measurement. In the second phase, additional

tagging of the photons produced in the de-excitation process will allow to extend

the calibration method to even lower energies and to a wider range of detector

materials, such as Ge. Combined with an electron recoil calibration, CRAB will

allow to measure energy quenching in the sub-keV regime. With its novel idea,

CRAB provides a direct and accurate calibration of nuclear recoils in the ROI

of light DM and future CEvNS experiments, which is essential for studying new

physics.

�is work is supported by the DFG through the Excellence Cluster ORIGINS

and the SFB1258.

T 74.7 Wed 17:50 T-H33
Development o� the cryogenic detector for observing coherent elastic neu-
trino nucleus scattering with NUCLEUS 10g — ∙Nicole Schermer1, An-
dreas Erhart

1
, Dieter Hauff

1,2,3
, Margarita Kaznacheeva

1
, Tobias

Ortmann
1
, Luca Pattavina

1
, Johannes Rothe

1
, Raimund Strauss

1
, Vic-

toriaWagner
1
, and AlexanderWex

1
—

1
Technische Universität München,

Physik Department Lehrstuhl E15, James-Franck-Straße 1, D-85748 Garching

—
2
Max-Planck-Institut für Physik, Föhringer Ring 6, D-80805 München —

3
Universität Tübingen, Physikalisches Institut, Auf derMorgenstelle 14, D-72076

Tübingen

�e study of coherent elastic neutrino nucleus scattering (CEíNS) o�ers the op-
portunity to explore fundamental neutrino properties and to search for physics

beyond the Standard Model.�e NUCLEUS experiment aims to precisely mea-

sure the CEíNS cross-section of reactor-antineutrinos produced by the Chooz
nuclear power plant in France at low energies with gram-scale cryogenic detec-

tors with ultra-low energy thresholds of O(10eV).�e �rst science phase, NU-

CLEUS 10g, will deploy two detector modules, each containing nine cryogenic

target detectors embedded in an inner veto. I will present the development of

the �rst versions of the NUCLEUS 10g detector components as well as further

strategies towards the full cryogenic detector, which will consist of the two detec-

tor modules, a LED calibration system and a cryogenic outer veto.�e research

was supported by the DFG through the Excellence Cluster ORIGINS and the

SFB1258, and the ERC Starting Grant 2018 ”NU-CLEUS”.

T 74.8 Wed 18:05 T-H33
Exploring Coherent Elastic Neutrino-Nucleus Scattering at a nuclear reac-
tor with the NUCLEUS experiment— ∙Johannes Rothe for the NUCLEUS-
Collaboration — Physik-Department, Technische Universität München, D-

85748 Garching, Germany

�e NUCLEUS collaboration is working towards the �rst detection of reactor

antineutrinos via Coherent Elastic Neutrino-Nucleus Scattering (CEvNS) using

cryogenic detectors operating at 15mK temperature.�is observation will open

a new window to study fundamental neutrino properties at low energy with a

high-�ux source.

�e �rst physics phase will employ a 10g target made of Al2O3 and CaWO4

crystals read out with superconducting transition edge sensors, surrounded by

cryogenic infrastructure, passive shielding and active anti-coincidence veto sys-

tems. Assembly and commissioning of all components of the experimental setup

is planned at TUM in 2022. A�erwards, the experiment will be moved to the

Chooz Nuclear Power Plant in France. I will present updates on the design and

simulation of the setup, experimental work towards the 10g target detector and

the physics goals of NUCLEUS-10g. �is research was supported by the DFG

through the Excellence Cluster ORIGINS and the SFB1258, and the ERC Start-

ing Grant 2018 "NU-CLEUS".

T 75: Neutrino Physics without Accelerators 6
Time: Wednesday 16:15–18:35 Location: T-H34

Group Report T 75.1 Wed 16:15 T-H34
Overview of LEGEND and the Commissioning Status of LEGEND-200 —
∙PatrickKrause for the LEGEND-Collaboration—Physik-Department, Tech-
nische Universität München, Garching

�e discovery that neutrinos are Majorana fermions would have profound im-

plications for particle physics and cosmology.�e Majorana character of neutri-

nos would make neutrinoless double-beta (0íββ) decay, a matter-creating pro-
cess without the balancing emission of antimatter, possible. �e LEGEND Col-

laboration pursues a phased,
76
Ge-based double-beta decay experimental pro-

gram with discovery potential covering the inverted hierarchy. �e �rst phase,

LEGEND-200, will have a discovery potential of 10
27
years and a background in-

dex of 0.6 cts/(ROI t yr).�e second phase, LEGEND-1000, will deploy 1000 kg

of enriched germanium and will have a discovery sensitivity beyond 10
28
years.

�is talk will give an overview of LEGENDandwill report on the currently ongo-

ing commissioning work in LEGEND-200.�is research is supported in part by

the BMBF through the Verbundforschung 05A2020, theMPG, the DFG through

the Excellence Cluster ORIGINS and the SFB1258, and the through the ERCAd-

vanced Grant 786430 - GemX

T 75.2 Wed 16:35 T-H34
ASIC based readout electronics for high-purity Germanium detectors in
LEGEND-1000 — ∙Florian Henkes, Frank Edzards, Susanne Mertens,

and MichaelWillers for the LEGEND-Collaboration — Technische Univer-

sität München, München, Deutschland

�e Large Enriched Germanium Experiment for Neutrinoless ββ Decay (LEG-
END) is a ton-scale,

76
Ge-based, neutrinoless double-beta (0íββ) decay exper-

imental program with discovery potential at half-lifes greater than 10
28
years.

Signal readout electronics are essential in order to achieve the experiment’s

sensitivity on 0íββ-decay. �e close proximity to the detectors poses unique
challenges to balance electronic performance with radiopurity requirements. In

LEGEND-200, the readout system consists of a charge sensitive ampli�er re-

alised from discrete components with an ultra radiopure �rst stage close to the

detectors and a second stage from less radiopure commercial components. In
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LEGEND-1000, the use of Application-Speci�c Integrated Circuit (ASIC) tech-
nology would allow to implement the entire charge sensitive ampli�er into a sin-

gle low-mass chip with ultimate electronic noise performance and signal �delity

while ideally further reducing backgrounds.

In this contribution, the current status of the LEGEND-1000ASIC based read-

out development at the Technical University of Munich will be presented and

prospects for future developments of ASIC based charge sensitive ampli�ers for

high-purity germanium detectors will be discussed.

T 75.3 Wed 16:50 T-H34
Constraining the 77(m)Ge Production with GERDA Data and Implications
for LEGEND-1000 — ∙Moritz Neuberger

1
, Luigi Pertoldi

1
, Stefan

Schönert
1
, and Christph Wiesinger

1,2
for the GERDA-Collaboration —

1
Physik-Department E15, Technische Universität München —

2
Max-Planck-

Institut für Physik (Werner-Heisenberg-Institut) Föhringer Ring 6 80805

München

�e delayed decay of
77(m)

Ge, produced by neutron capture on
76
Ge, is a potential

background for the next-generation neutrino-less double-beta decay experiment

LEGEND-1000, especially when considering the alternative LNGS site. Based

onMonte Carlo simulations, various mitigation strategies and suppression tech-

niques have been proposed to tackle this background [1,2]. In this talk we will

present �rst results on
77(m)

Ge searches in the full GERDA data. Given the very

similar con�guration - bare germanium detectors in liquid argon - it serves as a

benchmark for our LEGEND-1000 predictions.�is research was supported by

the BMBF through the Verbundforschung 05A20WO2 and by the DFG through

the SFB1258 and Excellence Cluster ORIGINS.

[1] C. Wiesinger et al., Eur. Phys. J. C (2018) 78: 597

[2] LEGEND-1000 pCDR, arXiv 2107.11462

T 75.4 Wed 17:05 T-H34
First light in LEGEND-200— ∙Rosanna Deckert, Patrick Krause, Laszlo
Papp, and Stefan Schönert— Technische Universität München

LEGEND (Large Enriched Germanium Experiment for Neutrinoless ββ Decay)
is a ton-scale experiment to search for neutrinoless double beta (0íββ) decay us-
ing high-purity germanium detectors enriched in

76
Ge. An observation of 0íββ

decay would prove the existence of lepton number violation and provide insight

into the nature of neutrino masses.�e �rst phase of the experiment LEGEND-

200will deploy 200 kg of enrichedmaterial and aims for a sensitivity of 10
27
years

on the 0íββ half-life. To achieve this, the germanium detectors will be operated
in liquid argon (LAr), instrumented as an active detector to detect the scintilla-

tion light produced by backgrounds from trace radioactive contaminants.

Commissioning of the LAr instrumentation, consisting of wavelength-shi�ing

�bers, a wavelength-shi�ing re�ector and silicon photomultiplier arrays, started

in August 2021 at the Laboratori Nazionali del Gran Sasso. In this talk, the anal-

ysis of the �rst LAr commissioning data for LEGEND-200 will be presented.

�is research is supported by the BMBF through the Verbundforschung

05A20WO2 and by the DFG through the Excellence Cluster ORIGINS and the

SFB1258.

T 75.5 Wed 17:20 T-H34
New Limit on the radiative 0íECEC of 36Ar from GERDA Phase II Data
— ∙Michele Korosec

1
, Elisabetta Bossio

1
, and Christoph Wiesinger

2

for the GERDA-Collaboration —
1
Physik-Department, Technische Universität

München —
2
Max-Planck-Institut für Physik, München

Neutrinoless double electron capture (0íECEC) is a theoretically possible decay
that would prove lepton number violation, which is forbidden by the Standard

Model of Physics, and therefore provide evidence for the Majorana nature of

neutrinos. �e GERmanium Detector Array (GERDA) experiment o�ers the

possibility to search for 0íECEC of 36Ar which is one of the isotopes that theo-
retically allows this rare decay.

A search for neutrinoless double electron capture of
36
Ar was conducted based

on Phase II data from the GERDA experiment, located at the Gran Sasso Labo-

ratory of INFN, Italy. A simultaneous �t tomultiple datasets has been performed

in which no signal for the decay has been observed. However, a new, preliminary

experimental lower limit on the half-life of 0íECEC in 36
Ar has been established

with the CLsmethod at T1/2 > 1.22 ⋅1022 yr (90%C.L.) which will take over from
the previous best limit of T1/2 > 3.6 ⋅ 1021 years (90% C.I.) [1] which was found
in GERDA Phase I.

�is research is supported by the BMBF through the Verbundforschung

05A20WO2 and by the DFG through the Excellence Cluster ORIGINS and the

SFB1258. [1] GERDA Collaboration, Eur.Phys.J.C 76 (2016) 12, 652

T 75.6 Wed 17:35 T-H34
In-situ characterization of germanium detectors from 39Ar decays for low-
energy data modeling in GERDA and LEGEND — ∙Luigi Pertoldi for the
GERDA-Collaboration — TUMünchen, Germany

A reliable estimate of the active volume of high-purity germanium (HPGe) de-

tectors, de�ned as the internal volume in which charge collection e�ciency

(CCE) reaches its maximum, is a fundamental piece of a detector’s response

model. Typical HPGe detectors feature a null or incomplete CCE in correspon-

dence with the lithium-doped, high-voltage bias contact. In this contribution,

a new method for determining the active volume of HPGe detectors immersed

in liquid argon (LAr), will be presented. �e method exploits the shape of the

low-energy distribution of
39
Ar β− decays, naturally occurring in atmospheric

LAr and recorded by the detectors, which strongly depends on the CCE pro�le.

�e technique is applied to physics data by the GERDA experiment and used

to characterize the deployed detectors in-situ. As a consequence, a �rst model
of the low-energy data spectrum recorded by the experiment will also be shown.

�e developed technique will be useful for the LEGEND experiment, which aims

to perform searches of new-physics phenomena at low energies. Moreover, by

using these novel
39
Ar-based active volume estimates, we aim to obtain a precise

and unbiased estimate of the two-neutrino double-beta decay rate of
76
Ge.�is

research is supported by the BMBF through the Verbundforschung 05A20WO2

and by the DFG through the Excellence Cluster ORIGINS and the SFB1258.

T 75.7 Wed 17:50 T-H34
New results on the 76Ge double-beta decay with neutrinos and exotic de-
cay modes from GERDA Phase II — ∙Elisabetta Bossio for the GERDA-
Collaboration — Physik Department, Technische Universität München, Garch-

ing, Germany

Two-neutrino double beta (2íββ) decays are amongst the rarest nuclear pro-
cesses ever observed. Precision studies of the electron sumenergies require ultra-

low background and an excellent understanding of the experiment’s response.

Both are key features of the Germanium Detector Array (GERDA) experiment,

which searched for neutrino-less double beta (0íββ) decay with enriched high
purity germanium detectors in Liquid Argon at Laboratori Nazionali del Gran

Sasso (LNGS) in Italy.�emeasurement of the StandardModel 2íββ decay half-
life of

76
Gewas performedwith unprecedented precision, pro�ting from the high

signal-to-background ratio and the small systematic uncertainties. It provides

essential inputs for nuclear structure calculations, that bene�t the interpretation

of 0íββ decay results. Furthermore, the search for distortions of the 2íββ decay
spectrum allows exploring new physics, like 0íββ decay with Majorons emis-
sion, Lorentz invariance, or search for sterile neutrinos. �e new results of the
76
Ge 2íββ decay half-life and improved limits on exotic decay modes will be
presented in this talk.

�is research is supported by the BMBF through the Verbundforschung

05A20WO2 and by the DFG through the Excellence Cluster ORIGINS and the

SFB1258.

T 75.8 Wed 18:05 T-H34
Double weak decays of 124Xe and 136Xe in XENON1T and XENONnT —
∙ChristianWittweg for the XENON-Collaboration — Physik-Institut, Uni-

versität Zürich
In recent years xenon-based dark matter direct detection experiments have

reached large enough target masses and low enough background levels to also

probe rare double weak decays. Among these decays are the two-neutrino double

electron capture (2íECEC) of 124Xe as well as the neutrinoless double beta decay
(0íββ) of 136Xe. Observation of the hypothetical neutrinoless decay would pro-
vide de�nite proof of the neutrino’sMajorana nature and indicate lepton number

violation. �e measurement of the Standard Model 2íECEC – �rst detected by
XENON1T in 2018 – provides nuclear structure information that is a crucial

input for the nuclear models used to interpret 0íββ experiments. �is con-
tribution will present the

124
Xe 2íECEC results and search for 0íββ of 136Xe

in XENON1T. Moreover, the sensitivity projection for a
136
Xe 0íββ search in

XENONnT will be outlined.

T 75.9 Wed 18:20 T-H34
Latest results fromXENON1T and prospects for XENONnT for 0íββ— ∙Tim
Michael Heinz Wolf for the XENON-Collaboration — MPIK, Heidelberg,

Deutschland
XENON1T was a dual-phase xenon time projection chamber (TPC) looking

mainly for the direct detection of WIMP dark matter at energy depositions of

up to tens of keV.�is talk will focus on the high energy part of the spectrum

(above hundreds of keV) where we can search for neutrinoless double beta decay

(0íββ). �is is a hypothetical process implying two beta decays without emit-
ting any neutrinos. �e natural isotope

136
Xe (abundance approximately 8.9%)

is a candidate isotope to look for 0íββ which allows to carry out a search in LXe
TPCs. �is process tests lepton �avour conservation and it is potentially able

to shed light on the nature of neutrinos (Dirac or Majorana particles) or give

hints on the mass ordering of neutrinos. We present for the �rst time, a search

for 0íββ where a limit on the 0íββ half-life of 136Xe with XENON1T data is
derived, and give prospects on the performance of XENONnT data.
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T 76: Search for Dark Matter 3
Time: Wednesday 16:15–18:30 Location: T-H35

T 76.1 Wed 16:15 T-H35
Search for dark matter production in association with a single-top and w-
bosonwith theATLAS experiment— ∙Alvaro Lopez Solis—DESY-Zeuthen,
Zeuthen, Germany

Measurements at large scales suggest that Dark Matter (DM) constitutes around

27% of all the energy available in the Universe and around 85% of all the avail-

able mass. However, its nature remains a mystery. Several theories try to ad-

dress this problem by suggesting the existence of new weakly interacting parti-

cles that would constitute most of this new type of energy.�is talk will present

a search using the ATLAS experiment at LHC for these weakly interacting par-

ticles. It is motivated by the hypothesis that DM particles would couple to the

Standard Model (SM) particles via a pseudo-scalar mediator within an extended

two-Higgs-doublet model (2HDM+a). Among all the possible signatures pre-

dicted by this model, this talk will present the search for DM production in as-

sociation to a single-top quark and a W-boson in channels where both, top and

W-boson, are assumed to decay hadronically (0L channel) or either one of them

decay leptonically (1L channel).

T 76.2 Wed 16:30 T-H35
Search for Dark Matter at the ATLAS detector with a W-boson and a top-
quark in the �nal state— ∙PaulModer

1
, Alvaro Lopez Solis

2
, BenBrüers

2
,

and Claudia Seitz
1
—

1
DESY Hamburg —

2
DESY Zeuthen

�e Standard Model (SM) is one of the most robust models in particle physics

containing all observed elementary particles and their interactions. Over the

years, its predictions were tested and proven in a number of experiments. How-

ever, there are still observations that can not be explained by the SM with one of

the most prominent ones being the existence of Dark Matter (DM). While the

existence of DM was �rst theorised through astronomical observations, exten-

sions of the SM allow for a search of DM at the Large Hadron Collider (LHC) as

well. Since DM can not be detected directly, �nal states analysing its existence

at the LHC are always designed around high missing transverse energy. �is

talk will present such a search at the ATLAS detector based on an extended two-

Higgs-doublet model (2HDM+a) where the pseudo-scalar mediator allows the

production of DM in the �nal state. In addition to the DM, a top-quark and aW-

boson are produced in the �nal state, where the W-boson of this signal process

can be expected to have high momentum. �is allows for a unique technique

by tagging these W-bosons through large-radius jets increasing the sensitivity

of the signal process.�is talk presents the cut-based de�nitions for an analysis

with zero leptons in the �nal state as well as the most recent results.

T 76.3 Wed 16:45 T-H35
Search for Dark Matter in a tW+MET signature with the ATLAS experiment
— ∙Ben Brüers — Deutsches Elektronen Synchrotron DESY, Zeuthen, Ger-

many

DarkMatter (DM) remains one of the unrevealedmysteries of the universe. Even

though it constitutes ∼ 80% of the matter, considerably little is known about

DM, despite it signi�cantly in�uences the dynamics of galaxies and the expan-

sion of the universe. �e search for DM at colliders, probing mainly a particle

nature of the unknown matter, marks an important pillar in exploring all possi-

ble realisations of DM.�is talk will present a search for DM with the ATLAS

experiment, where the DM is coupled to the StandardModel (SM) via a pseudo-

scalar mediator within an extended two-Higgs-doublet model (2HDM+a). �e

associated production of DM with a W-boson and a top-quark is considered.

As the DM deposits no energy in the detector, the experimental signature in-

cludes high missing transverse energy (EmissT ). To reconstruct highly energetic

W-bosons, expected for signals with a heavy H
+
, large-radius jets are employed.

�e talk will give an introduction to the analysis and present the most recent

results.

T 76.4 Wed 17:00 T-H35
Search for darkmatter produced in associationwith two top quarks andmiss-
ing energy in the �nal state using ATLAS 13 TeV pp collision data— ∙Marco

Rimoldi—DESY, Hamburg, Germany

�e hypothesis of the existence of non-baryonic dark matter (DM) comes from

gravitational evidence across a wide range of astrophysical and cosmological sys-

tems. Of the many types of DM candidate proposed, weakly interacting mas-

sive particles (WIMP) are believed to be a theoretically convincing candidate.

WIMPs must interact weakly with electromagnetic radiation and be consistent

with the expected DM density. If WIMPs are the manifestation in nature of DM,

then it may be possible to produce it directly at the LHC.

Results of the combination of four analyses are presented, selecting �nal state

events with two top quarks and invisible particles. Proton proton collisions data

collected by the ATLAS experiment at a centre-of-mass energy of 13 TeV during

the Run-2 data-taking are used. Results are interpreted in terms of dark matter

simpli�ed models considering a spin-0 mediator to dark sector.

Upper limits on the Higgs boson invisible branching ratio, where the Higgs

is produced according to the Standard Model in association with a pair of top

quarks are also reported.

T 76.5 Wed 17:15 T-H35
Search for new physics in t t̄+Emiss

T �nal states in pp collisions at 13 TeV
with the ATLAS experiment. — ∙Simran Gurdasani — Albert-Ludwigs-

Universität, Freiburg, Germany

�is talk will present the developments of an ongoing search for Beyond Stan-

dard Model (BSM) signatures that can be probed using the t t̄+Emiss
T �nal state

at the Large Hadron Collider (LHC). Neural Networks are used for the search

which is performed on data collected with the ATLAS detector between 2015

and 2018, corresponding to 139 f b−1 of pp data at 13 TeV. Models speci�cally
targeted include DM production via scalar or pseudo-scalar mediators, SUSY

stop pair production and Higgs decays to new invisible particles. A two-fold im-

plementation of neural nets is designed, where the �rst step aims to e�ciently re-

construct the hadronically decaying top quarks in a given event.�is is designed

to speci�cally target mid-pt range tops decaying to resolved jets.�e second step

aims to exploit full kinematic correlations of the t t̄+Emiss
T system and tag a given

event to one of the targeted BSM processes while providing background rejec-

tion against both major (ttbar and Wjets) and non-major SM processes. �e

talk will give an overview of the strategy developed and the status of ongoing

optimization studies.

T 76.6 Wed 17:30 T-H35
Combining Dark Matter searches with top quarks with the ATLAS detector
— ∙Marianna Liberatore—Deutsches Elektronen-SynchrotronDESY,Ham-

burg and Zeuthen, Germany

A motivation to WIMP dark matter (DM) searches at the LHC, and in partic-

ular in ATLAS, is the especially promising possibility that interactions between

ordinary matter and DM are mediated by new spin-0 particles. Such particles

would extend the SM with a potential dark sector, to which DM particles be-

long. Similarly to the Higgs boson, these new mediators interact strongest with

the heaviest particles via Yukawa-type couplings, making them more prone to

associated production with heavy-�avour quarks.

To test those models, two recently released search channels are considered

within ATLAS: DM with top quark pairs[1] or a single top quark[2], with a fo-

cus on the two charged leptons �nal states. �is talk will motivate how the sta-

tistical combination of these two results in simpli�ed models could signi�cantly

enhance the sensitivity to DM signals, and the �rst results of these combined

studies will be presented.

[1] JHEP04(2021)165

[2] Eur.Phys.J.C(2021)81:860

T 76.7 Wed 17:45 T-H35
Searching forDarkMatter in top quark productionwith the CMS experiment
— Danyer Perez Adan, Afiq Anuar, Alexander Grohsjean, Laurids

Jeppe, Jonas Rübenach, Christian Schwanenberger, ∙Dominic Stafford,
and Nicole Stefanov—Deutsches Elektronen-Synchrotron DESY, Hamburg,

Germany

Astronomical observations provide strong evidence that a large proportion of the

matter in the universe is “Dark Matter" (DM), which is currently not included

in the Standard Model (SM) of particle physics. Furthermore, many cosmolog-

ical models suggest Dark Matter should couple to the SM around the 100 GeV

scale, and hence may be produced at the LHC, appearing as missing transverse

momentum. We present a search for Dark Matter produced in association with

top quarks, via a spin-0 mediator, with a focus on the dileptonic channel. �is

analysis will be part of the upcoming CMS result with the full Run-2 dataset, and

will be the �rst to combine the top quark pair + DM and single top + DM pro-

cesses for dileptonic, semileptonic and full hadronic �nal states, which greatly

aids sensitivity to the highest mediator masses in the search.

�e dileptonic channel poses an interesting challenge due to a large amount

of missing transverse momentum in the SM t t̄ background, and an irreducible
t t̄Z(Z → íí) background.�is analysis therefore uses novel variables and ma-
chine learning techniques in the signal extraction, and new control regions to

constrain the irreducible backgrounds.

T 76.8 Wed 18:00 T-H35
Performance of di�erent MET reconstruction methods in a monotop DM
analysis — ∙Jost von den Driesch

1
, Sebastian Wieland

1
, Michael

Wassmer
1
, Nikita Shadskiy

1
, Ulrich Husemann

1
, Matteo Cremonesi

2
,

Lindsey Gray
3
, and Yihui Lai

4
—

1
Institute of Experimental Particle Physics

(ETP), Karlsruhe Institute of Technology (KIT) —
2
University of Notre Dame

(ND) —
3
Fermilab —

4
University of Maryland (UMD)

Missing transversemomentum (MET) is an important quantity inmany analyses

at hadron colliders. Especially DarkMatter (DM) analyses o�enmake use of this
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quantity as DM particles leave the detector without interactions and therefore

create large amounts of MET. However, due to its origin from non-detectable

particles, MET cannot be measured directly, but must be estimated from the

transverse momentum of all reconstructable particles.

Over the years, various MET reconstruction methods have been developed

and applied at CMS. �e latest approaches use machine learning methods,

e.g. Convolutional Neural Networks (DeepMET) or Graph Neural Networks

(GraphMET). Monte Carlo studies show an improvement of MET reconstruc-

tion performance by these novel reconstruction methods compared to the older

ones. Yet, it remains unclear how large this e�ect will be in a full analysis.

�is talk will introduce the aforementionedMET reconstructionmethods and

compare their expected impact on a monotop analysis, aimed at the search for

Dark Matter in events with a single top quark and large MET.

T 76.9 Wed 18:15 T-H35
Search for axion-like particles (ALPs) at Belle II experiment. — ∙Awais Bin
Zahid, Pablo Goldenzweig, and Torben Ferber — Karlsruhe Institute of

Technology (KIT), Karlsruhe, Germany

One possible extension of the Standard Model (SM), which may contribute in

solving the mystery of Dark Matter (DM) and/or explain some astrophysical

anomalies, are Axion-Like Particles (ALPs).�e model taken into consideration

in this search is of an ALP interacting with SM photons with a coupling strength

дaγγ and having mass ma. �e search for the direct production of such an ALP

via the process (ALP-Strahlung) e+e− → γa(a → γγ), is performed in the mass
range 0.2 <ma < 9.8GeV/c

2
. Given that the �nal state of the e+e− → γa(a → γγ)

process is fully neutral, being made up of three photons, a proper kinematic �t

with neutral particles is a powerful tool to improve signal resolution. In this talk,

I will present the status of sensitivity evaluation based on Monte Carlo simula-

tion which corresponds to the data of almost 500 f b−1 that will be collected by
Belle II at the end of summer 2022.

T 77: Search for Dark Matter 4
Time: Wednesday 16:15–18:15 Location: T-H36

T 77.1 Wed 16:15 T-H36
Light dark matter search using SuperCDMS single-charge-sensitive devices
and anticoincident tagging — ∙Alexander Zaytsev for the SuperCDMS-
Collaboration — Karlsruher Institut für Technologie, Karlsruhe, Germany

As a part of its R&D program, the SuperCDMS collaboration has been develop-

ing cryogenic gram-scale eV-resolution (HVeV) detectors that utilize Neganov-

Tro�mov-Luke ampli�cation by applying a voltage bias across the Si crystals.

During the two previous above-ground darkmatter (DM) searches, each collect-

ing data with only one HVeV detector, competitive constraints were obtained

for DM-electron scattering, as well as for dark photon and axion-like particle

absorption. However during the second HVeV run, a background characterized

by bursts of single electron-hole pair events was observed, which may originate

from luminescence in SiO2 - the primary component of the detector holder ma-

terial. Single-pulse events from the tails of such bursts degrade the sensitivity

of the HVeV DM searches in the entire mass range of interest. In the latest un-

derground HVeV DM search (Run 3), we have collected O(10) gram-days of

exposure using three HVeV detectors, operated simultaneously within a shared

housing. We present the current progress of the respective DM search analysis,

which is expected to surpass the previous HVeV DM limits by utilizing an inter-

detector anticoincidence event selection that considerably suppresses the rate of

background events caused by bursts.

T 77.2 Wed 16:30 T-H36
Characterizing bursts of single-electron-hole-pair events using a Super-
CDMS R&D device and a sodium-22 source — ∙Matthew Wilson for the

SuperCDMS-Collaboration — Karlsruher Institut für Technologie

Recently, R&D facilities within the SuperCDMS collaboration have developed

and employed cryogenic, high-voltage, eV-scale (HVeV) detectors that have

single-charge sensitivity. When a bias voltage is applied across these gram-sized,

silicon detectors, the charge signals are ampli�ed in the form of phonons, mak-

ing the detectors sensitive to low-energy electron interactions. HVeV detectors

have been previously utilized for two separate above-ground dark matter (DM)

searches to set competitive constraints on low-mass DM candidates. However,

these constraints are limited by the presence of an unknown, low-energy back-

ground, a large component of which appears to be bursts of single-electron-hole-

pair events. One hypothesis is that these events originate from the photolumines-

cence of SiO2, a primary component of the detector holder material. A sodium-

22 source has been placed near an HVeV detector to determine whether such

burst events are induced by the high-energy gammas emitted by a radioactive

source, which would support this hypothesis.�is presentation shows the latest

results of the investigation and characterization of this low-energy background.

T 77.3 Wed 16:45 T-H36
SuperCDMS detector testing at the Cryogenic Underground TEst (CUTE) fa-
cility — ∙Sukeerthi Dharani for the SuperCDMS-Collaboration — Univer-
sität Hamburg

SuperCDMS SNOLAB is an upcoming direct dark matter search experiment us-

ing silicon and germanium detectors operated at cryogenic temperatures. �e

experiment is planned to start data taking in 2023 at SNOLAB which is located 2

kilometers underground in the Creighton mine in Canada. With a low back-

ground from cosmic sources, SNOLAB is ideal for rare event searches. �e

Cryogenic Underground TEst (CUTE) is a well-shielded test facility operating at

SNOLAB with a measured background rate of ~ 7 events/keV/kg/day. It acts as

a testbed for the SuperCDMS detectors and facilitates performing early science

runs. In this talk, an overview of the CUTE facility’s features, ongoing activities,

and applications for the SuperCDMS experiment will be presented.

T 77.4 Wed 17:00 T-H36
Current Status of the BRASS-P Experiment — ∙Fayez Bajjali1, Le Hoang
Nguyen

1
, Dieter Horns

1
, Andrei Lobanov

1,2
, Artak Mkrtchyan
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, Sven

Dornbusch
2
, Christoph Kasemann

2
, Martin Tluczykont

1
, and Marko

Ekmedžić
1
—

1
Institute of Experimental Physics - University of Hamburg —

2
Max-Planck-Institute for Radio Astronomy - Bonn

Axions and Hidden Photons (HPs) are among the best motivated candidates for

explaining the enigmatic nature of the dark matter. �ese weakly interacting

slim particles (WISPs) have a small mass and can be detected via electroma-

gentic (EM) radiation arising from their interaction with normal matter, pho-

tons, and magnetic �eld. �e concept for Broadband Radiometric Axion/ALP

Searches (BRASS) provides a pioneering experimental setup for WISP searches

in the range of 10-10000μeV.�e prototype setup BRASS-P is currently being
constructed at the University of Hamburg. It combines permanently magnetized

conversion panels producing the EM signal from passages of WISPs, a parabolic

mirror focusing the EM signal, a cryogenic 12-18 GHz heterodyne receiver, and

a broadband digitizing backend DBBC3 for detecting and processing the signal.

�e structure of the conversion panels and themeasurement of the static mag-

netic �eld will be presented.�e setup and calibration procedures employed for

the 12-18 GHz receiver and the DBBC3 digitizer will be discussed. Finally, pre-

liminary results from the �rst science run carried out for searching for HPs in

the frequency range of 12-16 GHz will be presented.

T 77.5 Wed 17:15 T-H36
Axion simulation in various geometry — ∙Johannes Ulrichs1, Le Hoang
Nguyen

1
, Dieter Horns

1
, and Andrei Lobanov

1,2
—

1
Institut für Experi-

mentalphysik, Universität Hamburg, Hamburg, Deutschland —
2
Max-Planck-

Institut für Radioastronomie, Bonn, Deutschland

Using commercial FEM so�ware (COMSOL TM), we solve the Axion-Maxwell

equation in the geometrical context of experiments that search for axion and

axion-like-particles (ALPs) dark matter. Firstly, the BRASS-p is the pilot exper-

iment that search for axion/alps in the frequency range of 12 - 18 GHz (49.63

- 74.4 μeV).�e multiphysics simulation (AC/DC and RF modules) is used to
explore the realistic magnetic �eld of the magnet panels and the axion-induced

radiation. Accompanied with further studies concerning the e�ciency and co-

herence e�ect of the overall setup. Secondly, we consider the possibility of de-

tecting the skin current induced by the low mass axion dark matter (few kHz to

3MHz, 4.14 peV - 12.4 neV) using a novel solenoidmagnet.�e theoretical foun-

dation, simulation result is discussed. Followed by the proposed approaches to

pickup the signal using High Impedance Ampli�er (HIA) and SQUIDS receiver.

T 77.6 Wed 17:30 T-H36
Low Temperature MMC-based X-ray Detectors for IAXO— ∙DanielUnger,
Andreas Abeln, Daniel Behrend-Uriarte, Daniel Hengstler, Andreas

Fleischmann, Christian Enss, and Loredana Gastaldo—Kirchho� Insti-

tute for Physics, Heidelberg University

Axion helioscopes search for evidence of axion-like particles (ALPs) produced

in the Sun. Via the generic ALP-photon coupling, a strong magnetic �eld would

convert ALPs into photons which could then be detected by low background and

high e�ciency X-ray detectors. Having also detectors with good energy resolu-

tion and low energy threshold would in addition in case of discovery allow to

investigate ALP properties and generation mechanisms in the Sun. We propose

to use low temperature metallic magnetic calorimeters (MMCs) for the Interna-

tional Axion Observatory (IAXO). We present the current state of our detector

system developed for IAXO containing a two-dimensional 64-pixel MMC ar-

ray covering an active area of 16 mm
2
with a �ll factor of 93 %. We achieve an
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average energy resolution of 6 eV FWHM allowing for energy thresholds well

below 100 eV. �e results obtained during experiments with di�erent experi-

mental con�gurations show a background reduction in the case of low-Z mate-

rial directly surrounding the active part of the detector. In the future, active and

passive shields will be used to reduce the background further. �e obtained re-

sults highlight that MMC-based arrays are a suitable technology for helioscopes

to discover and study ALPs.

T 77.7 Wed 17:45 T-H36
Indirect darkmatter searchwith IceCube— ∙LiRuohan, StephanMeighen-

Berger, and Anja Brenner — Technische Universität München, James-

Franck-Straße 1, 85748, Garching, Germany

Dark Matter annihilation can generate standard particle pairs in primary and

decay into neutrinos at the �nal state. Its spectrum can have a line shape in

case of direct annihilation into neutrinos pair. IceCube neutrino observatory is

a powerful instrument for indirect darkmatter search because of its sensitivity to

neutrinos energy of TeV to PeV. Its planned Upgrade can improve the dark mat-

ter nucleons interaction cross-section limits of one magnitude at lower energy.

�is talk will show a potential approach to test IceCube’s line-spectrum detection

ability and estimate the conservative cross-section using both spin-independent

and -dependent e�ective �elds theory.

T 77.8 Wed 18:00 T-H36
EXCESS workshop: a collaborative investigation of the sub-keV back-
grounds observed in various rare event search experiments — ∙Margarita

Kaznacheeva
1
, Alexander Fuss

2,3
, Florian Reindl

2,3
, and FelixWagner

2

—
1
Physik-Department E15, Technische Universität München, D-85748

Garching, Germany —
2
Institut für Hochenergiephysik der Österreichischen

Akademie der Wissenscha�en, 1050 Wien, Austria —
3
Atominstitut, Technis-

che Universität Wien, 1020 Wien, Austria

A�er having lowered the energy thresholds down to O(10eV), various dark mat-

ter and coherent elastic neutrino-nucleus scattering experiments observe an un-

expected exponential rise of the event rate towards low energies. �is excess

signal caused by an as yet unknown origin currently provides the main limita-

tion for further sensitivity improvement. A collective initiative to share exper-

imental observations and compare the measured excess signals was started. I

will report the outcomes of the dedicated EXCESS workshop that took place in

June 2021 as a joint e�ort of 10 collaborations and lead to an in-depth discus-

sion within the community. Presented measurements were taken by cryogenic,

CCD, and gaseous ionization detectors, under and above ground, with di�erent

levels of shielding and a wide range of operating temperatures. In the scope of

the workshop, a publicly accessible data repository was created that allows study-

ing the sub-keV excess signals measured by the participating collaborations. A

summary paper of the workshop is expected to be published in early 2022 and

further meetings are already planned.

T 78: Experimental Techniques in Astroparticle Physics 3
Time: Wednesday 16:15–18:00 Location: T-H37

T 78.1 Wed 16:15 T-H37
Monoenergetic electronic recoil calibration of LXe TPCs with 37Ar
(XENON1T/nT)— ∙Christopher Hils for the XENON-Collaboration — In-
stitut für Physik & Exzellenzcluster PRISMA+, Johannes Gutenberg-Universität

Mainz, 55099 Mainz, Germany

Large multi-ton LXe time projection chambers like XENON1T/nT set the most

stringent constraints on the interaction cross-section between nucleons and

Dark Matter in form of Weakly Interacting Massive Particles. �e large active

volume and the excellent self shielding properties of liquid xenon make the use

of internal calibration sources a necessity to understand detector responses. In

the past these calibrations were mainly based on gaseous 83mKr and 220Rn iso-

topes diluted into the liquid xenon and distributed equally into the active volume.

In the last science run of XENON1Twe introduced a new low-energy calibration

source, the Argon isotope 37Ar, with calibration lines at energies of 2.8 keV and

270 eV. In this talk we will present the results of the XENON1T calibration in

form of a study of the detector response at these ultra low energies. We also show

that the isotope can be e�ciently removed by cryo distillation in the XENON1T

distillation column originally designed for krypton removal, which made this

isotope suitable as a regular calibration source despite ist long hal�ife time of 35

d. In this regard, a �rst calibration was already performed In XENONnT at the

end of 2021 with �rst results about to come.

T 78.2 Wed 16:30 T-H37
Measuring the liquid xenon scintillation pulse shape and its electric �eld
dependence — ∙Dominick Cichon1

, Guillaume Eurin
1,2
, Florian Jörg

1
,

Teresa Marrodán Undagoitia
1
, and Natascha Rupp

1
—

1
Max-Planck-

Institut für Kernphysik, Heidelberg, Germany —
2
IRFU, CEA, Université Paris-

Saclay, Gif-sur-Yvette, France

In the search for new physics, such as particle dark matter and the neutrino-

less double-beta decay, liquid xenon (LXe) detectors play an important role and

have provided highly competitive results over the past years. As an example,

XENON1T, which utilized a LXe time projection chamber (TPC), constrained

the cross-section for interactions between weakly interacting massive particles

(WIMPs) and nucleons to values below 4.1 ⋅ 10−47 cm2 at a WIMP mass of 30
GeV/c

2
. To push LXe detector technology to its limits and achieve even better

sensitivities, a detailed understanding of the microphysics processes responsible

for signal generation in LXe is necessary. One avenue to investigate such pro-

cesses is the pulse shape of the prompt scintillation signal caused by excitation

of LXe via particle interactions.

�is talk presentsmeasurements of the LXe scintillation pulse shape a�er exci-

tation by either electrons from the isomeric transition of
83m
Kr or alpha particles

from
222
Rn chain decays. For both sources, the pulse shape has been character-

ized at more than 25 di�erent electric �eld con�gurations between ∼ 0 V/cm
and ∼ 1200 V/cm. �e results are compared to previoulsy published data and
interpreted in the context of the involved microphysics processes.

T 78.3 Wed 16:45 T-H37
Gaseous xenon measurements with APIMS and gas chromatography —
∙Veronica Pizzella and Hardy Simgen — Max-Planck-Institut für Kern-

physik, Saupfercheckweg 1, 69117, Heidelberg

�e latest generation of dual phase gas-liquid xenon TPC detectors for rare event

searches employ several tonnes of xenon. It is crucial for the success of these ex-

periments that the chemical impurities in LXe are below ppb level. Some chem-

ical impurities of concern are: electronegative molecules such as oxygen, since

they trap the electrons; radioactive impurities such as H-3, since they increase

the background in the ROI.

In this presentation, a method tomeasure chemical impurities below ppb level

is presented.�emeasurement is performed usingAtmospheric Pressure Ioniza-

tion Mass Spectrometry (APIMS), with a commercial instrument from�ermo

Scienti�c.�is instrument uses a corona discharge to ionize helium gas at atmo-

spheric pressure, which in turn ionizes mixed trace impurities very e�ciently.

�e setup uses a custom chromatography setup to separate the impurities from

the xenon and mix them with helium. Some of the challenges of oxygen and hy-

drogen quanti�cation are illustrated and some adapted solutions are outlined. A

�rst measurement of the xenon from the gas phase of the XENONnT experiment

is reported.

T 78.4 Wed 17:00 T-H37
Scintillation and optical properties of xenon-doped liquid argon —

∙Christoph Vogl, Mario Schwarz, Xaver Stribl, Johanna Griessing,

PatrickKrause, and Stefan Schönert—Chair for Astroparticle Physics, De-

partment of Physics, Technical University Munich, Garching, Germany

Liquid argon (LAr) is widely employed as a scintillator in rare-event searches.

Its optical and scintillation properties, as well as the impact of impurities, are

being studied extensively by many groups world-wide. LAr scintillation light

exhibits a main emission wavelength of 128 nm, which makes propagation and

detection challenging because of short attenuation lengths and low quantum ef-

�ciencies of photo sensors in the VUV spectral range. �e addition of small

amounts of xenon to LAr shi�s the emission wavelength towards 175 nm and

reduces the overall scintillation time. Here, we present our latest study of xenon-

doped LAr with focus on the primary photon yield, the e�ective triplet lifetime

and attenuation length, with xenon concentrations ranging from 3 ppm to 300

ppm.�e scintillation and optical propertiesweremeasured simultaneouslywith

the LLAMA instrument operated inside SCARF, a 1 ton LAr test stand, and the

xenon concentrations using IDEFIX, a dedicated mass spectrometer setup.�is

research is supported by the DFG through the Excellence Cluster ORIGINS and

the SFB1258.

T 78.5 Wed 17:15 T-H37
Characterization of Wavelength Shi�ers for LAr Instrumentation Us-
ing VUV Spectro�uorometry — ∙Andreas Leonhardt1, Gabriela R.
Araujo

2
, Patrick Krause

1
, Laszlo Papp

1
, Tina R. Pollmann

3
, and Stefan

Schönert
1
—

1
Physik Department, Technische Universität München, Garch-

ing, Germany —
2
Physik-Institut, Universität Zürich, Zurich, Switzerland —

3
Nikhef National Institute for Subatomic Physic, Amsterdam, Netherlands
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Experiments searching for dark matter or neutrinoless double-beta decay com-

monly use liquid argon (LAr) as a target or instrumented shielding medium.

Particle interactions in the LAr produce vacuum-ultraviolet (VUV) light �ashes

peaking at 128 nm, which are converted to longer wavelengths by wavelength

shi�ers (WLSs). Due to the short LAr scintillation wavelength and low LAr tem-

perature, the characterization ofWLSs requires VUVoptics and a cooling system

in vacuum. We present the developed custom spectro�uorometer, which enables

us to characterizeWLSs at VUV excitation and low temperatures.�e setup con-

sists of a high-intensity deuterium light source coupled to a VUVmonochroma-

tor and a vacuum-tight sample chamber. �e wavelength shi�ing material can

be mounted on a cryocooler coldhead to measure the wavelength-resolved and

wavelength-integrated photoluminescence light yield at the relevant LAr tem-

perature. We describe the characterization campaign of the wavelength-shi�ing

re�ector of the LEGEND-200 experiment with the VUV spectro�uorometer and

summarize the results. �is research is supported by the DFG through the Ex-

cellence Cluster ORIGINS and the SFB1258.

T 78.6 Wed 17:30 T-H37
Development of an Organic Plastic Scintillator based Muon Veto Operat-
ing at Sub-Kelvin Temperatures for the NUCLEUS Experiment— ∙Andreas
Erhart

1,2
, VictoriaWagner

1
, Ludwig Klinkenberg

1
, Thierry Lasserre

2
,

David Lhuillier
2
, Claudia Nones

2
, Tobias Ortmann

1
, Luca Pattavina

1
,

Rudolph Rogly
2
, Johannes Rothe

1
, Vladimir Savu

2
, Nicole Schermer

1
,

Raimund Strauss
1
, and Matthieu Vivier

2
—

1
Physik-Department, Technis-

che Universität München, D-85748 Garching —
2
IRFU, CEA, Université Paris

Saclay, F-91191 Gif-sur-Yvette

�e NUCLEUS experiment aims to measure coherent elastic neutrino nucleus

scattering of reactor anti-neutrinos using cryogenic calorime- ters. Operating at

an overburden of 3m.w.e., muon-induced back- grounds are expected to be dom-

inant. It is therefore essential to de- velop an e�cientmuon veto, with a detection

e�ciency of more than 99%. A novel concept has been investigated, featuring

a plastic scin- tillator based muon veto operating inside the NUCLEUS cryo-

stat at sub-Kelvin temperatures.�e required investigation of the detector’s low

temperature behavior led to the �rst reported measurements of organic plastic

scintillators at sub-Kelvin temperatures.�e function- ality of the principal scin-

tillation process has thereby been con�rmed. A disc-shape muon veto equipped

with wavelength shi�ing �bers and a silicon photomultiplier has been developed.

�e research was sup- ported by the DFG through the Excellence Cluster ORI-

GINS and the SFB1258, and the ERC Starting Grant 2018 ”NU-CLEUS”.

T 78.7 Wed 17:45 T-H37
Vibration Decoupling System for the NUCLEUS Experiment— ∙Alexander
Wex, Raimund Strauss, Johannes Rothe, Luca Pattavina, Nicole Scher-

mer, Andreas Erhart, Tobias Ortmann, Victoria Wagner, and Mar-

garitaKaznacheeva—Technische UniversitätMünchen, Physik Department

Lehrstuhl E15, James-Franck-Straße 1, D-85748 Garching

�e coherent neutrino nucleus scattering experiment NUCLEUS deploys a new-

generation dry dilution refrigerator. Vibrations induced by the cryostat’s pulse

tube cooler are a challenge for stable detector operation. To achieve detector per-

formance undisturbed by pulse tube operation, a dedicated spring-decoupling

system is being developed for NUCLEUS. Recent results and benchmark mea-

surements for the design of this cryogenic vibration decoupling system are pre-

sented.�e research was supported by the DFG through the Excellence Cluster

ORIGINS and the SFB1258, and the ERC Starting Grant 2018 ”NU-CLEUS”.

T 79: Data Analysis, Information Technology and Artificial Intelligence 4
Time: Wednesday 16:15–18:30 Location: T-H38

T 79.1 Wed 16:15 T-H38
K0
S tracking e�ciency studies at Belle II — ∙Elisabetta Prencipe1, Olek-

sandr Skorenok
2
, and Jens Soeren Lange

1
—

1
JLU-Giessen, Giessen, Ger-

many —
2
TSNU-Kyiv, Kyiv, Ukraine

Reconstruction e�ciency of low momentum tracks in particle physics is a very

important issue. Here we report about a study conducted at Belle II, with MC

samples and Phase-3 data, and present a dedicated study of the e�ciency to cor-

rectly reconstruct K0
S → π+π−

, whose daughter tracks can have a di�erent e�-

ciency due to their displacement from the primary event origin.

A signi�cant number of analyses in Belle II involve the reconstruction of

K0
S → π+π−

. �e reconstruction e�ciency of the K0
S daughters depends on

the K0
S transverse momentum, pT , polar angle, θLAB and transverse (XY) �ight

distance, dXY , which is computed as the distance between the primary vertex of
the event and the re�tted K0

S decay vertex.
�e general strategy is to subdivide the data and MC events into a large num-

ber of samples by choosing an appropriate binning in these variables, determine

the number of K0
S in each bin, in data and MC samples, and for each of the mo-

mentum and polar angle ranges, normalize the ratio of its value in the �rst bin

in dXY , where all tracking e�ects are well understood.�e results here presented
are acquired by studying the B → K+K−K0

S and B → π+π−K0
S decay channels

at Belle II.�ey will help in understanding systematic e�ects of analysis where

K0
S are involved.

T 79.2 Wed 16:30 T-H38
Clustering EnergyDepositions in the Electromagnetic Calorimeter at Belle II
using Graph Neural Networks— ∙FlorianWemmer, Pablo Goldenzweig,

and Torben Ferber for the Belle II-Collaboration — Karlsruher Institut fuer

Technologie

Electromagnetic calorimeters in particle detectors like at the Belle II Experiment

consist of almost ten thousand sensitive crystals providing detailed energy de-

position information in space. �e correct assignment of energy depositions

in those crystals to clusters originating from a distinct particle imposes a huge

challenge especially in the presence of beam induced backgrounds, electronic

noise and overlapping clusters. Graph Neural Networks (GNNs) allow for a ma-

chine learning algorithm to unrestrictedly and elegantly learn a feature space best

suited to solve a problem. Using readily available Monte Carlo data we apply a

GNN to try and cluster crystalwise energy information as well as distinguishing

physics signals from beam background in the Belle II electromagnetic calorime-

ter. As a starting point to the development of more capable algorithms the - in

actuality complex - detector data is simpli�ed to two possibly overlapping clus-

ters and beambackground. We give insight to possible loss functions andmetrics

of the GNN as well as presenting �rst results of the clustering process.

T 79.3 Wed 16:45 T-H38
Fast Particle Reconstruction in the Belle II Experiment with Graph Neural
Networks — ∙Isabel Haide, Pablo Goldenzweig, and Torben Ferber for

the Belle II-Collaboration — Karlsruhe Institute of Technology

�e correct clustering and reconstruction of particles in electromagnetic

calorimeters are vital to many analyses to ensure a correct reconstruction of

the actual event. �is clustering poses di�culties such as an unknown num-

ber of particles in the calorimeter and the existence of background events and

promotes the use of machine learning (ML) algorithms. Due to the irregular

geometry of such detectors, graph neural networks (GNNs) are most suitable

to provide an improvement over standard algorithms. GNNs do not depend on

regular geometries to learn detector-hit representations and have already been

successfully applied to simulated data of a simpli�ed calorimeter model. Ex-

tending this application to the geometry of real detectors, such as the Belle II

electromagnetic calorimeter (ECL), while reconstructing an unknown number

of clusters with possible overlap and additional background events, is the goal

of this study. In this talk, the concept of using object condensation with GNNs

to reconstruct particles in the ECL and the current status of this development is

shown. �e evaluation method, which is the separation of the signature of the

hypothetical dark photon process e+e− → A�γ, A� → e+e− to the signature of
radiative Bhabha scattering e+e− → e+e−γ, is also explained.

T 79.4 Wed 17:00 T-H38
Identi�cation of pions and muons with the Belle II calorimeter using convo-
lutional neural network— ∙AbtinNarimani Charan1

and Torben Ferber
2

for the Belle II-Collaboration —
1
Deutsches Elektronen-Synchrotron (DESY),

Hamburg, Germany —
2
Karlsruhe Institute of Technology (KIT), Karlsruhe,

Germany

�e Belle II experiment is located at the asymmetric SuperKEKB e+e− collider in
Tsukuba, Japan.�e electromagnetic calorimeter (ECL) in Belle II is designed to

reconstruct neutral particles. Additionally, the ECL can identify charged parti-

cles e.g. electrons, muons and pions. Identi�cation of low-momenta muons and

pions in the ECL is crucial if they do not reach the outer muon detector.

�is talk presents an application of a convolutional neural network (CNN) to

separate muons and pions in the ECL using energy deposition patterns of 7x7

crystal images. Due to the high level of beam background, the performance of

the CNN in samples with di�erent beam background levels is studied. More-

over, the impact of adding pulse-shape and timing information in addition to

the energy information is investigated and compared with the previous results

in di�erent momentum ranges. Finally, the performance of the network is inves-

tigated with data control samples of muons and pions.
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T 79.5 Wed 17:15 T-H38
Anomaly detection in the searches for inelastic dark matter at Belle II —
∙Jonas Eppelt, Patrick Ecker, Pablo Goldenzweig, and Torben Ferber

for the Belle II-Collaboration — Karlsruhe Institut for Technology, Karlsruhe,

Germany

Inelastic DarkMatter (IDM) is a rather complexmodel containing twoDark Par-

ticles and two Mediators. Its expected signatures include one resonant and one

non-resonant decay.

In this talk current e�orts are presented to approach searches for IDM at

Belle II with anomaly detection via machine learning. �is approach aims to

train algorithms on (simulated) background events in order to recognize previ-

ous unknown signals. It seeks to reduce limitations due to the chosen model and

parameter space in searches for physics beyond the Standard Model.

�e current status on employing anomaly detection in an IDM search at

Belle II will be given.

T 79.6 Wed 17:30 T-H38
Implementing a graph-based approach for semi-inclusive tagging in Belle II
—FlorianBernlochner, ∙AxelHeimeroth, William Sutcliffe, and Ilias

Tsaklidis— Physikalisches Institut, University of Bonn, Germany

In the Belle II experiment pairs of B-mesons are produced from electron-

positron collisions.�e clean experimental environment allows for constraining

kinematically the second B-meson if the other one is correctly reconstructed.

�e current tagging algorithm used in Belle II, called Full Event Interpretation,

has relatively low tagging e�ciency since all the intermediate decays of the sec-

ond B-mesonmust be explicitly reconstructed.�is can be critical for searches of

extremely rare decays. A semi-inclusive approach, where one reconstructs only

partially the tag-side, instead of an exclusive one, can be used in order to in-

crease the overall e�ciency. In this work we explore how graph neural networks

can improve the purity and e�ciency of a semi-inclusive approach, where only

a charmed hadron, instead of a B-meson, is reconstructed. In this talk I present

a proof of concept on a generic phasespace dataset and a realistic application on

B− > D∗ lí decays from the o�cial Belle II Monte Carlo.

T 79.7 Wed 17:45 T-H38
Performance portability for the Physics Object Reconstruction So�ware of
the CMS Experiment— ∙Wahid Redjeb— RWTH University, III. Physikalis-
ches Institut A, Aachen, Germany

�e High Luminosity upgrade of the LHC will pose unprecedented challenges

for the o�ine and online computing. �e higher luminosity and pileup will re-

quire larger processing power, not achievable with the current CPUs. Hetero-

geneous computing will play a fundamental role in the physics object recon-

struction so�ware to fully exploit the reach of the HL-LHC. Several computing

architectures are available for the CMS so�ware, but specialized implementa-

tions for each of them is not sustainable in terms of development, maintenance

and validation. Performance Portability libraries allow performance portability

across di�erent hardware architectures with a single code basis. In this talk, we

present the last results of the �rst usage of the Alpaka performance portability

library on a standalone version of the reconstruction of tracks and vertices in the

CMS silicon pixel detector. Porting the pixel tracks and vertices reconstruction

to Alpaka demonstrates the possibility of writing a single source code that can be

executed on di�erent devices with di�erent parallelization strategies, achieving

similar performance with respect to the native implementations.

T 79.8 Wed 18:00 T-H38
Designing VQE ansatz circuits for track reconstruction with QuantumCom-
puters at LUXE — Arianna Crippa

1
, Lena Funcke

3
, Tobias Hartung
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,

BeateHeinemann
1,2
, Karl Jansen

1
, Annabel Kropf

1
, Stefan Kühn
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, Fed-

erico Meloni
1
, ∙David Spataro1

, Cenk Tüysüz
1
, and Yee Chinn Yap

1

—
1
Deutsches Elektronen Synchrotron DESY —

2
Albert-Ludwigs-Universität

Freiburg —
3
Massachusetts Institute of Technology —

4
University of Bath —

5
CaSToRC,�e Cyprus Institute

�e recently proposed Laser Und XFEL Experiment (LUXE) enables the study

of Quantum Electrodynamics (QED) in the strong-�eld regime, where QED be-

comes non-perturbative. In this regime, the production of electron-positron

pairs by �eld-induced tunneling out of the vacuum is realised in the interac-

tion of a high energy electron beam from the European XFEL and a high power

laser.

Positron track reconstruction on a silicon pixel tracking detector becomes a

demanding combinatorial problem at high laser intensity. It is expected to mea-

sure up to 10
6
positrons on the four consecutive detector layers. AQuadratic Un-

constrained Binary Optimization (QUBO) formulation enables the use of quan-

tum computers and a Variational Quantum Eigensolver (VQE) to reconstruct

tracks. For this, designing a suitable ansatz circuit which maps the track candi-

dates to qubits is an important part of theVQEheuristic. Results are compared to

common hardware e�cient ansatzes. In addition, the �nal track reconstruction

e�ciency is compared to a classical approach.

T 79.9 Wed 18:15 T-H38
Benchmarking Variational Quantum Algorithms for track reconstruction
at LUXE — Arianna Crippa

1
, Lena Funcke

3
, Tobias Hartung

4
, Beate

Heinemann
1,2
, Karl Jansen

1
, ∙Annabel Kropf1, Stefan Kühn5

, Fed-

erico Meloni
1
, David Spataro

1
, Cenk Tüysüz

1
, and Yee Chinn Yap

1

—
1
Deutsches Elektronen-Synchrotron DESY —

2
Albert-Ludwigs-Universität

Freiburg —
3
Massachusetts Institute of Technology —

4
University of Bath —

5
CaSToRC,�e Cyprus Institute

�e primary aim of the recently proposed LUXE experiment is to investigate the

transition into the non-perturbative regime of Quantum Electrodynamics. For

this, the interaction of photons with electrons, or photons with photons is mea-

sured at �eld strengths where couplings to charges become non-perturbative.

In these interactions, up to 10
6
positrons are produced that then impinge on a

four-layered silicon pixel tracking detector. �e accurate reconstruction of the

positrons’ trajectories from a set of hits is a combinatorial problem challenging

for a classical computer to solve. For LUXE, a novel approach is explored that

expresses pattern recognition as a quadratic unconstrained binary optimisation,

allowing the algorithm to be mapped onto a quantum computer. Variational

quantum algorithms provide a promising approach to solve combinatorial opti-

misation problems on noisy quantum devices. Here, we benchmark the accuracy

of two such algorithms, the Variational Quantum Eigensolver and the Quantum

Approximate Optimisation Algorithm, against classical tracking using data from

an idealised LUXE detector set-up.

T 80: Invited Talks 3 (joint session T/EP)
Time:�ursday 11:00–12:30 Location: T-H15

Invited Talk T 80.1 �u 11:00 T-H15
Borexino looks in the direction of solar neutrinos — ∙Livia Ludhova for
the Borexino-Collaboration — Forschungszentrum Jülich, Jülich, Germany —

RWTH Aachen University, Aachen, Germany

Borexino is a 280-ton liquid scintillator detector located at the LNGS in Italy.

Characterized by an unprecedented radio-purity, it has succeeded in providing

several milestone measurements of MeV-scale neutrinos, with the main focus

on solar neutrinos. �e latter are the only direct probe of the Hydrogen-to-

Helium fusion powering our Sun. �e European Physical Society awarded the

2021 Giuseppe and Vanna Cocconi Prize to the Borexino Collaboration for the

ground-breaking observation of solar neutrinos from the pp chain and CNO

cycle that provided unique and comprehensive tests of the Sun as a nuclear fu-

sion engine. Borexino has developed a new method, Correlated and Integrated

Directionality (CID), to exploit the sub-dominant directional Cherenkov light

in a liquid scintillator detector. �is technique can disentangle the solar neu-

trino signal, correlated with the known position of the Sun, from the isotropic

background. In the region of interest dominated by the signal from 0.862 MeV

Be-7 solar neutrinos, the no-solar neutrino hypothesis has been excluded with

>5σ C.L.�is novel method is readily applicable to next generation experiments.
�e talk will focus on the recent Borexino solar neutrino results, including the

motivation, analysis details, as well as their interpretation.

Invited Talk T 80.2 �u 11:30 T-H15
Gravitational waves - a new probe of the early Universe— ∙Valerie Domcke
—CERN, Geneva, Switzerland

Due to their extremely weak interactions with thematter content of theUniverse,

gravitational waves generated right a�er the Big Bang can traverse the Universe

basically unperturbed, carrying information about their production processes

and the expansion history of our Universe. �is makes them a unique probe of

BSM physcis at very high energies. I will talk about possible next steps in this

�eld, including the search for the stochastic gravitational wave background and

new ideas for searching for gravitational waves at ultra-high frequencies.

Invited Talk T 80.3 �u 12:00 T-H15
Gravitational wave detectors - current and future challenges — ∙Michèle

Heurs— Leibniz Universität Hannover
Since the �rst direct detection in 2015, gravitational wave signals have been en-

riching the �eld of multi-messenger astronomy with insights into formerly “in-

visible” regimes of the universe. Despite their mind-boggling sensitivities, the

current (second) generation of ground-based gravitational wave detectors are

limited by various noise sources in their detection band, in particular quantum

noise, thermal noise, and seismic noise. Next-generation detectors (e.g. Einstein

Telescope, Cosmic Explorer) aim for sensitivities one or two orders ofmagnitude
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better even, making innovative techniques for noise reduction ormitigation a re-

quirement. �is talk will present challenges and technical developments on the

road to ever-higher gravitational wave event detection rates.

T 81: Invited Topical Talks 5 (joint session T/EP)
Time:�ursday 14:00–15:40 Location: T-H15

Invited Topical Talk T 81.1 �u 14:00 T-H15
LND - A (”Made in Germany”) Radiation Monitor Operating at the far Side
of the Moon— ∙Sönke Burmeister1, Shenyi Zhang2, Jia Yu1

, Zigong Xu
1
,

Stephan Böttcher
1
, and RobertWimmer-Schweingruber

1
—

1
Institut für

Experimentelle und Angewandte Physik, Uni Kiel —
2
NSSC, Chinese Academy

of Science
Space Radiation is one of the major concerns in human space �ight. Of course,

this also applies to human exploration of the Moon. On the lunar surface, this

consists of chronic exposure to galactic cosmic rays and sporadic solar particle

events.�e interaction of this radiation �eld with the lunar soil leads to a third

component that consists of neutral particles, i.e., neutrons and gamma radiation.

Chang’E 4 is the Chinese mission that landed on the far side of theMoon on Jan-

uary 3rd, 2019. It consists of a lander, a rover, and a relay spacecra�. �e LND

(Lunar Lander Neutrons and Dosimetry) instrument that was built by CAU is

located inside the lander under an opening lid. It consists of a stack of ten seg-

mented Si solid-state detectors (SSDs), which form a particle telescope to mea-

sure charged particles (electrons from 0.5 MeV to several MeV, protons 8-35

MeV, and heavier nuclei 17-75 MeV/nuc). A special geometrical arrangement

allows observations of fast neutrons (and gamma-rays) that are also important

for dosimetry purposes.�ermal neutrons are measured by using a very thin Gd

conversion foil sandwiched between two SSDs.�e Lunar Lander Neutrons and

Dosimetry experiment aboard China’s Chang’E 4 lander has made the �rst ever

measurements of the radiation exposure to both charged and neutral particles

on the lunar surface.

Invited Topical Talk T 81.2 �u 14:25 T-H15
Energetic Pulsar Environments and the Origins of Galactic Cosmic Rays—
∙Alison Mitchell — Erlangen Centre for Astroparticle Physics, FAU, Erlan-

gen, Germany

Cosmic Rays - and their origins - have fascinated Physicists for over a hundred

years. Within our Milky Way Galaxy, particles are known to reach energies be-

yond the so-called Cosmic Ray *knee*, a spectral break at ~3 PeV in the all

particle cosmic ray spectrum. However, evidence for the particle accelerators

reach PeV energies - PeVatrons - has proven elusive. Only within the last �ve

years have astrophysical sources of gamma-rays above 100 TeV been identi�ed;

gamma-rays produced through interactions of particleswith PeV energies. Many

of these sources are associated with known energetic pulsars.

In this talk, I will review the current census of PeVatrons and discuss impli-

cations for our understanding of pulsar environments. �ere are several open

questions to grapple with: Which particle species are being accelerated - lep-

tonic or hadronic? How are the particles transported through the surrounding

medium? What is the maximum energy limit for particle acceleration in pulsar

environments? In the near future, data from current and forthcoming facilities

will help us to address these questions.

Invited Topical Talk T 81.3 �u 14:50 T-H15
Looking forward to exciting physics with FASER— ∙Felix Kling—DESY
Physics searches and measurements at high-energy collider experiments tradi-

tionally focus on the high-pT region. However, if particles are light and weakly-

coupled, this focus may be completely misguided: light particles are typically

highly collimated around the beam line, allowing sensitive searches with small

detectors, and even extremelyweakly-coupled particlesmay be produced in large

numbers there.�e FASER experiment will use the opportunity and extend the

LHC’s physic potential by searching for long-lived particles and studying neu-

trino interactions at TeV energies. In this talk, I will present the physics potential

of FASER for new physics searches, neutrino physics andQCD and astro-particle

physics.

Invited Topical Talk T 81.4 �u 15:15 T-H15
Astroparticle physics at the LHC: Exploring the forward region with cross-
section measurements — ∙Hans Dembinski — Fakultät Physik, Technische

Universität Dortmund, Dortmund, Germany

Astroparticle physics is the study of the non-thermal universe with gamma rays,

neutrinos, and cosmic rays. Cosmic rays are abundantly produced in cosmic ac-

celerators, like supernova remnants. Some gamma rays and neutrinos are pro-

duced indirectly in interactions of cosmic rays withmatter in the source, and cos-

mic rays interact with Earth’s atmosphere to produce air showers, which are ob-

served by ground-based cosmic ray observatories and contribute the main back-

ground to gamma ray and neutrino observatories. QCD cross-sections for the

forward production of hadrons with light and heavy �avor are therefore needed

to interpret astroparticle measurements. �e experiments at the Large Hadron

Collider (LHC) have powerful instruments to measure forward production, but

data aremore sparse compared to central production. I will summarize the state-

of-the-art of forward cross-section measurements at the LHC from the point of

view of astroparticle physics and give an outlook into the opportunities in near

future with the upcoming run of the LHC and the planned pilot run with oxygen

beams.

T 82: Invited Topical Talks 6
Time:�ursday 14:00–15:40 Location: T-H16

Invited Topical Talk T 82.1 �u 14:00 T-H16
Searches for new scalar particles at the LHC — ∙Dominik Duda — Max-

Planck-Institut für Physik

�e Higgs boson discovery by the ATLAS and CMS experiments at the Large

Hadron Collider was a great success. Ever since, numerous studies have been

performed to establish whether it is a Standard Model particle or rather the �rst

observed physical state of an extended scalar sector beyond the Standard Model.

Extended scalar sectors are well motivated as they canmodify the electroweak

phase transition and facilitate baryogenesis, enhance vacuum stability, provide a

dark matter candidate or provide a solution to the strong CP problem (i.e. pre-

dict axions). In short, extending the scalar sector provides solutions to some of

the questions the Standard Model fails to answer.

Various theories beyond the Standard Model predict the existence of new

Higgs bosons in addition to the already discovered one. E.g., the introduction

of a second Higgs doublet �eld in the minimal supersymmetric extension of the

Standard Model leads to the prediction of three neutral and two charged Higgs

bosons, while an additional Higgs triplet �eld e.g. in models with a type-II see-

sawmechanism would result in seven scalars in total.�e discovery of such new

scalar particles would be a direct evidence of new physics.

In this presentation, the latest searches for additional neutral and charged

scalars performed with the ATLAS and CMS experiments will be reviewed.

Invited Topical Talk T 82.2 �u 14:25 T-H16
Novel approaches to search for newphysics in rare charmdecays— ∙Dominik
StefanMitzel— TU Dortmund University, Germany

Recent studies of rare b-hadron decays have revealed a coherent pattern of de-
viations from Standard Model predictions in b → sℓ+ℓ− transitions, known
as �avour anomalies. Rare charm decays are sensitive to c → uℓ+ℓ− �avour-
changing neutral-current processes and o�er the unique and complementary

opportunity to search for anomalies in the up-type quark sector that has hardly

been explored in the past. For long, rare charm decays have been considered

as less promising due to di�culties in the description of its low energy dynam-

ics. During this talk, I will discuss how exact or approximate symmetries in the

charm system allow to construct clean null-test observables, yielding an excellent

road to the discovery of New Physics.

Invited Topical Talk T 82.3 �u 14:50 T-H16
Constraining the Higgs-charm Yukawa coupling with the CMS experiment
— ∙LucaMastrolorenzo— RWTH, Aachen, Germany

In this talk, an overview of the most recent results of the direct search for the

VH, H→cc process with the CMS experiment is presented. �e search targets
Higgs bosons produced in association with a vector boson (W, Z) exploiting the

full Run-2 data set. �e analysis is carried out in mutually exclusive channels

selecting speci�c leptonic decays of the vector bosons: Z→ ℓℓ, Z→ íí, W→ ℓí,
with ℓ=electron or muon. To fully exploit the topology of the Higgs boson decay
in the di�erent regimes of the Higgs boson transverse momentum, two strate-
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gies have been adopted aiming to reconstruct theHiggs boson candidate through

two distinct Ak4 jets or via a unique Ak15 "fat-jet". Remarkable improvements

have been brought to the analysis techniques with respect to the previous public

results: from new and more e�cient algorithms to tag charm-initiated jets to

dedicated jet energy and mass regression techniques, conceived exploiting ad-

vanced machine learning methods. �e analysis strategy has been extensively

validated by observing the VZ, Z→cc process for the �rst time at a hadron col-
lider experiment. �e results represent the world’s most stringent limit on the

VH, H→cc process and on the Higgs-charm Yukawa coupling.

Invited Topical Talk T 82.4 �u 15:15 T-H16
Characterization ofH boson events in the ττ decay channel with the full CMS
Run-2 data set— ∙SebastianWozniewski—Georg-August-Universität, Göt-

tingen, Germany

�e LHCRun-2 data set of proton-proton collisions provides �rst deeper insights

into the properties and production of Higgs bosons. Besides the veri�cation of

the assumed coupling structure, which remains a challenge, also di�erential in-

vestigations of Higgs boson events are important tests of the Standard Model

(SM) Higgs sector. Moreover, models based on supersymmetry allow for modi-

�cations of the couplings of the SM-like Higgs boson to (down-type) fermions,

which puts particular interest on the decay channel into tau leptons. �e anal-

ysis of di-tau events of the full LHC Run-2 data set, taken by the CMS exper-

iment, in the STXS framework for di�erential cross sections measurements is

presented. It is based on modern technologies in terms of object identi�cation,

data-driven background modeling, and neural-network based multiclass event-

classi�cation. �e full granularity of the di�erential STXS measurement, with

twelve signal components, is re�ected by the neural networks, in addition to the

major background contributions.

T 83: Astroteilchen: Von der Quelle zum Detektor (contributed talks) (joint session EP/T)
Convenor: withAbstracts

Time:�ursday 16:15–18:30 Location: EP-H1

T 83.1 �u 16:15 EP-H1
Multi-messenger studies with gravitational waves and neutrinos — ∙Tista
Mukherjee for the IceCube-Collaboration— Institute for Astroparticle Physics

(IAP), Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

IceCube is a neutrino observatory located in Antarctica. Since its discovery of a

high-energy neutrino (IC170922A) from the blazar TXS0506+056 in 2017, neu-

trino astronomy has been established as a viable option to probe the high-energy

Universe. Neutrinos can carry undistorted information about their respective

astrophysical sources, thus can serve as a cosmic ‘messenger’ to us. �ere are

other potential messengers as well, e.g. gravitational waves (GW) and cosmic

rays other than the traditional photons of various wavelengths. Combining in-

teresting signals of such messengers available from di�erent observatories leads

us towards multi-messenger searches, allowing us to address many of the so far

unanswered questions about the fundamentals of this Universe, such as the ori-

gin of ultra-high-energy cosmic ray sources. So far, we have the knowledge of de-

tecting electromagnetic signal in multiple wavelengths, spatially and temporally

correlated with GW and high-energy neutrinos, as two separate events. How-

ever, there is still a missing link as we have not been able to correlate GW with

neutrino signals. �e aim of my work is to contribute in this aspect, searching

for Virgo detected GW counterparts of neutrino events detected by IceCube, in-

cluding low-energy neutrinos as well as sub-thresholdGWevents in our analysis.

�e work plan and initial results will be discussed in this talk.

T 83.2 �u 16:30 EP-H1
Multi-messenger characterization of Mrk501 during historically low X-
ray and gamma-ray activity — ∙Lea Heckmann1

, David Paneque
1
, Sar-

gis Gasparyan
2
, Matteo Cerruti

3
, Narek Sahakyan

2
, and Axel Arbet-

Engels
1
for the Multi-wavelength collaborators and the MAGIC and Fermi-

LAT-Collaboration —
1
Max-Planck-Institut für Physik, D-80805 München,

Germany —
2
ICRANet-Armenia, Marshall Baghramian Avenue 24a, Yerevan

0019, Armenia —
3
Institut de Ciències del Cosmos (ICCUB), Universitat de

Barcelona (IEEC-UB), Martí i Franquès 1, 8 E08028 Barcelona, Spain

Blazars are the most numerous very-high-energy (>0.2 TeV, VHE) gamma-ray

emitters, due to their continuous and very luminous emission; but they are far

from being understood.

In this contribution we describe the multi-wavelength behavior of Mrk501,

one of our closest and therefore brightest blazars, from 2017 to 2020. Alongside

the densemonitoring campaign over this four years, three long observationswith

NuSTAR were conducted displaying various low-activity �ux levels for the hard

X-ray emission.�is very comprehensive data set reveals a historically low X-ray

and VHE gamma-ray emission period lasting two years. Using the low-activity

broadband spectral energy distribution (SED) and data published by IceCube,

we investigate the nature of the low state. Additionally, we try to explain the

evolution of the broadband SED data during the low state to evaluate its poten-

tial of being the baseline emission of Mrk501 that is usually outshone by more

dominant and variable components.

T 83.3 �u 16:45 EP-H1
Hadronic models of active galaxies to constrain cosmic-ray acceleration —
∙Xavier Rodrigues—DESY Zeuthen
In a new era of multi-messenger observatories, numerical models can help shed

light on what are the sources of the astrophysical neutrinos and the ultra-high-

energy cosmic rays. In this talk I discuss recent results on active galactic nuclei

(AGN) asmulti-messenger sources, based on numerical simulations of photonu-

clear cosmic-ray interactions. Assuming AGN jets can reaccelerate cosmic rays

up to the EeV regime, I will show that an AGN population may in fact dominate

the observed �ux and chemical composition of ultra-high-energy cosmic rays.

Under certain conditions, the accompanying neutrino �ux may be observable

by future EeV neutrino telescopes, while respecting the current IceCube limits

at PeV energies.

T 83.4 �u 17:00 EP-H1
Neutrino Emission during Supermassive and stellar mass Binary Black
Hole Mergers — ∙Ilja Jaroschewski1, Julia Becker Tjus1, and Peter L.
Biermann

2,3
—

1
�eoretische Physik IV, Ruhr-Universität Bochum —

2
MPI

for Radioastr., Bonn —
3
Dept. of Phys. & Astron., Univ. Alabama, Tuscaloosa,

AL, USA

Ever since the discovery of a di�use astrophysical neutrino �ux by IceCube, the

question arose which sources contribute most. With several neutrino-blazar as-

sociations since the �rst high-probability association of such a neutrino to the

blazar TXS 0506+056 in 2017, there is an indication that at least a non-negligible

part of this di�use neutrino �ux emerges from blazars.

As over ninety stellar mass binary black hole mergers were already detected

via gravitational waves (GWs), with more to come, there are strong indications

that supermassive black holes (SMBHs) in galaxy centers, and thus blazars, also

merge and have had at least one merger in their lifetime. Such a merger is al-

most always accompanied by a change of observable jet direction, leading to

interactions of a preceding jet with surrounding molecular clouds and neutrino

productions.

By creating a connection between neutrinos and GWs, we set limits on how

much energy can be emitted in form of neutrinos in each merger of binary

SMBHs and stellar mass black holes and estimate their contributions to the dif-

fuse neutrino �ux that is measured by IceCube. As neutrino production is di-

rectly connected to high energy cosmic ray interactions, the contribution of these

sources to the cosmic ray injection rate is established.

T 83.5 �u 17:15 EP-H1
Search for high-energy neutrinos from blazars with IceCube — ∙Cristina
Lagunas Gualda for the IceCube-Collaboration — DESY Zeuthen
�e IceCube Neutrino Observatory is the world’s largest neutrino telescope, in-

strumenting one cubic kilometre of Antarctic ice. IceCube started its operation

with full con�guration in 2011 and a di�use �ux of neutrinos was discovered in

2013. To this day the sources of those neutrinos are still largely unknown. One of

the most promising neutrino source candidates is blazars, Active Galactic Nuclei

with jets aligned towards Earth.

In 2018 IceCube reported the �rst clearly identi�ed observation of an astro-

physical high-energy neutrino, IC170922A, in spatial and temporal coincidence

with blazar TXS 0506+056. Other examples of coincidences that have been ob-

served with lower signi�cance are, but not limited to, IC190730A with blazar

PKS 1506+012 and IC141209A with blazar GB6 J1040+0617. What these have

in common is that they involve a blazar and a high-energy neutrino with a high

probability of being astrophysical in origin (neutrino alert).�ese coincidences

can be combined to calculate a global p-value by performing a stacking analysis.

Here we present the results obtained with the Fourth Catalog of Active Galactic

Nuclei detected by Fermi-LAT (4LAC-DR2, for Data Release 2) and neutrinos

detected by IceCube between 2011 and 2020 that would have passed the neutrino

alert criteria.

T 83.6 �u 17:30 EP-H1
Comparison of Models for Predicting Periodic Gamma-Ray & Neutrino
Emissions From Blazars — ∙Armin Ghorbanietemad, Ilja Jaroschewski,
and Julia Becker Tjus—�eoretische Physik IV, Ruhr-Unviersität Bochum

�ere are several indications that electromagnetic emissions from blazars have

quasi-periodic variability, ranging from minutes to years. �e long-term peri-
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odicity in the span of years is particularly evident in gamma-ray observations

with the Fermi LAT instrument. Two separate high probability associations of

neutrinos, detected by IceCube in 2014/15 and 2017, to the blazar TXS0506+056

further indicate that blazars are neutrino emitters.�ese two �ares can be inter-

preted as a possible periodicity. It is the aim of this work to develop a general

set of models that can explain the periodic gamma-ray and neutrino emissions

from blazars.

In this talk, we present models with single supermassive black holes as well

as supermassive binary black hole mergers at the centers of blazers. Our focus

lies on supermassive binary black hole mergers, due to them radiating gravi-

tational waves which could be detectable by the Laser-interferometer Space An-

tenna (LISA).�e binary systems are characterized by the change of jet direction

accompanied by jet precession close to an imminent merger.�is allows predic-

tions of possible neutrino and gravitational wave emissions from blazars with

quasi-periodic behavior.

T 83.7 �u 17:45 EP-H1
First science results from the X-ray telescope STIX on Solar Orbiter —
∙AlexanderWarmuth, Frederic Schuller, and GottfriedMann—Leib-

niz -Institut für Astrophysik Potsdam (AIP)

�e ESAmission Solar Orbiter was successfully launched in 2020, with the main

goal of improving our understanding of how the Sun creates and controls the he-

liosphere. �e Spectrometer/Telescope for Imaging X-rays (STIX) is one of six

remote-sensing instruments on board and provides imaging spectroscopy of so-

lar �ares in the energy range of 4 to 150 keV.�us, STIX is able to measure quan-

titatively both the parameters of the hot �are plasma and the characteristics of

the accelerated electrons. Together with the other instruments on Solar Orbiter

as well as with other space-borne and ground based observational assets, STIX

studies energy release and particle acceleration in solar �ares. �is talk will be

focused on the �rst science results obtained during the cruise phase of Solar Or-

biter (2020 and 2021).�is includes observations of micro�ares, constraints on

�are energetics, collaborative studies of gamma-ray �ares together with Fermi,

and the investigation of �are-associated solar energetic particle events.

T 83.8 �u 18:00 EP-H1
Unfolding themuon neutrino energy spectrum from10 years of IceCube data
with DSEA+ — ∙Leonora Kardum, Karolin Hymon, Johannes Werthe-

bach, Pascal Gutjahr, Tim Ruhe, and Jean-Marco Alameddine for the

IceCube-Collaboration—Astroparticle PhysicsWGRhode, TUDortmundUni-

versity, Germany

Neutrinos, the most elusive particles in the Standard Model, can travel tremen-

dous distances una�ected by magnetic �elds or encountered particles from dis-

tant sources in the Universe. As this makes them perfect information carriers,

many attempts at uncovering their properties are made. �e IceCube Neutrino

Observatory, a cubic kilometer detector embedded in the South Pole ice, is capa-

ble of detecting neutrinos from several GeV up to PeV energies enabling precise

reconstruction of the neutrino spectrum. Determining the accurate spectrum

is of great importance to neutrino physics, especially in di�erentiating the three

predicted components - prompt, conventional, and astrophysical, of which only

the latter two have been detected so far. �e Dortmund Spectrum Estimation

Algorithm (DSEA+) is a novel approach to unfolding the energy spectrum from

measured experimental quantities that e�ectively translates ill-posed problems

to multinomial classi�cation solvable using readily available machine learning

tools.�e current status of applying DSEA+ on 10 years of IceCube data will be

presented.

T 83.9 �u 18:15 EP-H1
Recent solar and geoneutrino results from Borexino — ∙Sindhujha Ku-
maran for the Borexino-Collaboration — Forschungszentrum Jülich - Institute

for Nuclear Physics, IKP-2, Jülich, Germany — III. Physikalisches Institut B,

RWTH Aachen University, Aachen, Germany

Borexino is a 280-ton liquid scintillator experiment which ran from May 2007

until October 2021 at the Laboratori Nazionali del Gran Sasso (LNGS), Italy.�e

main goals of Borexino include the measurement of solar neutrinos and geoneu-

trinos.�e extreme radiopurity and thermal stability of the detector have proven

to be valuable assets in achieving these goals. Borexino has not only performed

a complete spectroscopy of the dominant pp-chain solar neutrinos but has also

provided the �rst direct experimental evidence of the rare CNO-cycle neutrinos.

�ese measurements have several implications for solar and stellar Physics and

further improvements are envisioned using the full dataset. In addition, it has

recently presented the �rst directional measurement of sub-MeV solar neutrinos

using the sub-dominant Cherenkov light, through a novel technique called Cor-

related and Integrated Directionality (CID).�is method can be further com-

bined with a typical spectral �t and can also prove valuable for next-generation

liquid scintillator detectors.�e latest geoneutrino measurement from Borexino

included a substantial improvement in the precision as well as the rejection of

the no-mantle signal with a high signi�cance.�is group report will summarize

all these recent solar and geoneutrino results of Borexino.

T 84: Flavour Physics
Time:�ursday 16:15–18:30 Location: T-H15

T 84.1 �u 16:15 T-H15
Tagged analysis of B → Xuℓí at Belle — ∙Armindokht Afsharipour,
Florian Bernlochner, Jochen Dingfelder, Svenja Granderath, Peter

Lewis, and Rieka Rittsteiger— Physikalisches Institut, Universität Bonn

We present a study of the exclusive charmless semileptonic decays, B → Xuℓí,
where Xu = π0

, η, η� and ℓ is an electron or a muon, with the Belle experi-
ment at the SuperKEKB collider in Japan. In the Belle experiment, electrons and

positrons are collided at the center-of-mass energy equal to themass of theΥ(4S)
resonance, which decays to pairs of B mesons. One of the two B mesons can be
fully reconstructed in a hadronic decay mode (hadronic B tagging) using the

Full Event Interpretation algorithm. �e signal B meson is then reconstructed
from the remaining particles (hadrons and leptons) formed from the unassigned

tracks and neutral clusters in the event. In this talk, the general analysis strat-

egy and status of the B → Xuℓí analysis using hadronic B-tagging in Belle is
presented.

T 84.2 �u 16:30 T-H15
Untagged Analysis of B → πℓí̄ℓ and extraction of |Vub | at Belle II — Flo-
rian Bernlochner, Jochen Dingfelder, ∙Svenja Granderath, and Peter
Lewis for the Belle II-Collaboration — Physikalisches Institut der Rheinischen

Friedrich-Wilhelms-Universität Bonn
One of the puzzles of current research in �avor physics is the persisting discrep-

ancy between the results of exclusive and inclusive measurements of the CKM

matrix element |Vub |.�e charmless semileptonic decay B → πℓí̄ℓ is one of the
most accessible and powerful channels for determining |Vub | in exclusive modes.
Using data from the Belle II experiment, a new precision measurement of |Vub |
can be performed. In preparation for this, an untagged measurement method

for extracting B → πℓí̄ℓ events is developed using Belle II data. An untagged
measurement allows for su�ciently large samples of this rare decay already with

the current Belle II dataset. In order to increase the signal purity, boosted deci-

sion trees are employed to suppress continuum and BB backgrounds. �is talk
will discuss the current status of the analysis and |Vub | extraction.

T 84.3 �u 16:45 T-H15
Exclusive B → Xuℓíℓ Decays with Hadronic Tagging in Belle II Data —
∙Moritz Bauer, Pablo Goldenzweig, and Torben Ferber for the Belle II-

Collaboration — KIT, Karlsruhe, Germany

�ere has been a longstanding 3σ tension between inclusive and exclusive mea-
surements of the magnitude of the CKM matrix element |Vub |. Semileptonic
decays involving b → u transitions present a unique opportunity to measure
|Vub | with the current Belle II dataset due to their comparatively high branching
fraction.

We present analyses of the semileptonic processes B → πℓíℓ and B → ρℓíℓ
in Belle II data as steps towards the extraction of this matrix element from ex-

clusive decays. �ese analyses are conducted with hadronic tagging, utilizing a

new tagging algorithm, the Full Event Interpretation.

T 84.4 �u 17:00 T-H15
Tagged analysis of B → ρ0ℓí, B → ρ+ℓí and B → ωℓí — Ar-

mindokht Afsharipour, Florian Bernlochner, Jochen Dingfelder,

Svenja Granderath, Peter Lewis, and ∙Rieka Rittsteiger for the Belle-
Collaboration — Physikalisches Institut der Rheinischen Friedrich-Wilhelms-

Universität Bonn

We present a study of the charmless semileptonic decays B → ρ0ℓí, B → ρ+ℓí
and B → ωℓí, where ℓ is an electron or a muon, with the Belle experiment at
KEK in Tsukuba, Japan. Belle took data from 1999 until 2010 at a center-of-mass

energy corresponding to themass of theΥ(4S), which predominantly decays into
a pair of B mesons.�e Full Event Interpretation is used to fully reconstruct one
B meson in a hadronic decay mode.�e signal B meson is reconstructed from a
lepton and the respective hadron (ρ, ω) using the remaining tracks and neutral
clusters in the event. �e precise knowledge of the tag-side B decay leads to a

good signal-to-background ratio but also a very small e�ciency.

In this talk the analysis strategy and status of the B → ρ0ℓí, B → ρ+ℓí and
B → ωℓí analysis using hadronic B-tagging at Belle are presented.
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T 84.5 �u 17:15 T-H15
Measurement of the photon energy spectrum in the fully-inclusive hadronic-
tagged B → Xsγ decays at the Belle II experiment— ∙Henrikas Svidras—
DESY, Hamburg

Belle II is an experiment at the next-generation B factory SuperKEKB located
at KEK in Tsukuba, Japan. It aims to probe heavy �avour physics at a higher

precision than its predecessors, namely BaBar and Belle. �e goal is to collect

50 ab
−1
of data during its run: more than 50 times that of Belle. One of the par-

ticularly promising decay channels to study is the inclusive radiative B → Xsγ
decay, where Xs denotes any possible decay products containing an s quark and
γ is a high-energetic photon. �is decay can provide constraints for beyond-
SM theories, for example by measuring CP asymmetries, and be used to extract
important parameters such as the b quark mass. �e analysis presented in this
talk focuses on the hadronic-tagged fully-inclusive approach, where one of the

daughter B mesons of the Υ(4S) → BB̄ decays into hadrons. �e extraction of
the photon energy spectrum of the B → Xsγ is one of the goals of the analysis.
�e talk presents the analysis setup and main challenges of this measurement at

Belle II.

T 84.6 �u 17:30 T-H15
Measurement of the q2 moments in semi-leptonic B meson decays at
Belle II — ∙Maximilian Welsch, Florian Bernlochner, and Jochen

Dingfelder — Physikalisches Institut der Rheinischen Friedrich-Wilhelms-

Universität Bonn
�e determination of inclusive |Vcb| from b → cℓí decays relies on the Heavy
Quark Expansion (HQE) involving coe�cients and associated non-perturbative

matrix elements, which can be expressed in terms of a number of expansion pa-

rameters. �e moments of the kinematic distribution of the decay can be com-

puted in a similar manner and are dependent on the same HQE parameters.

Consequently, measurements of such moments can be used to better constrain

the expansion parameters and, thereby, more precisely determine |Vcb|. In this
talk, we present the �rst measurement of the q2 moments of B → Xcℓí decays
with 62.8 fb

−1
of Belle II data.�e q2moments of the b → cℓí transition are par-

ticularly powerful for constraining the HQE expansion as they can be expressed

in terms of a reduced set of non-perturbative parameters due to reparametriza-

tion invariance. In addition, we present an preliminary determination of |Vcb|.

T 84.7 �u 17:45 T-H15
Untagged B

0 → D∗+ℓ−íℓ studies with Belle II — Florian Bernlochner1,
Lu Cao

1,2
, Jochen Dingfelder

1
, and ∙Chaoyi Lyu1

—
1
Physikalisches In-

stitut der Rheinischen Friedrich-Wilhelms-Universität Bonn —
2
Deutsches

Elektronen-Synchrotron DESY

�e precise determination of the CKM matrix element |Vcb | and semileptonic
form factors in B meson decays are important for carrying out precision tests
of the �avour sector of the Standard Model and to search for new physics. �e

decay of B
0 → D∗+ℓ−íℓ is particularly well suited to determine |Vcb | due to its

large branching fraction, small backgrounds and the availability of lattice data

to describe the form factors. In this talk, we will present the current status of es-

tablishing an untagged measurement of the B
0 → D∗+ℓ−íℓ branching fraction

and form factors using early Belle II data.

T 84.8 �u 18:00 T-H15
Measuring kinematic distributions of B → D∗ℓíℓ with hadronic tagging at
Belle II — Florian Bernlochner, Jochen Dingfelder, ∙Michael Eli-

achevitch, Michael Hedges, Peter Lewis, Markus Prim, and William

Sutcliffe — Physikalisches Institut der Rheinischen Friedrich-Wilhelms-

Universität Bonn
�e analysis of semileptonic B meson decays is one of the main pillars of the
physics program of the Belle II experiment, since their theoretical cleanliness

enables precise theoretical predictions which can be compared with measure-

ments for tests of the Standard Model of particle physics (SM).

�is talk presents early results and analysis plans for the B → D∗ℓíℓ decay
with ℓ denoting the light leptons e and μ. Its high branching fraction and ease of
reconstruction allow to use available Belle II data for di�erential measurements

of the shapes describing the decay kinematics. �ese are sensitive to the |Vcb|
CKM matrix-element and to the form-factors describing the interactions of the

hadronic current. Based on these shapes we can further measure angular ob-

servables such as the forward-backward asymmetry AFB to probe the SM. In
the presented analysis the other B meson originating from the Υ(4S) is fully re-
constructed in hadronic decay modes via the Full Event Interpretation tagging
algorithm, providing the full four-momentum of the signal B meson. Due to the
resulting high purity and good resolution this serves as an important cross-check

of similar measurements using an inclusive tagging approach.

T 84.9 �u 18:15 T-H15
Studies of B → D∗∗ℓí at Belle II—Ariane Frey, ∙Noreen Rauls, and Ben-
jamin Schwenker—II. Physikalisches Institut, Georg-August-Universität Göt-

tingen, Friedrich-Hund-Platz 1, 37077 Göttingen, Deutschland

�e semileptonic decay B → D∗∗ℓí is one of the main background modes
for the determination of the ratio R(D(∗)), which is used to probe the Standard
Model. One of the aims of this analysis is to understand the decay B → D∗∗ℓí
as background contribution to the R(D(∗)) measurement. For the reconstruc-
tion of the daughters of the D∗∗

various di�erent hadronic D and D∗
modes are

used.�e B meson is reconstructed using theseD∗∗
decay modes as well as light

and charged leptons.

B mesons are always produced in pairs on the Υ(4S) resonance at the Belle II
experiment in Japan. One of these B mesons is reconstructed using the decay
mode stated above.�e other B meson uses the hadronic Full Event Interpreta-
tion (FEI) for its reconstruction.�e FEI is an algorithm, which is based on the

hierarchical reconstruction of �nal-state, intermediate particles and B mesons
using multivariate classi�ers.

�is talk will give a �rst insight on the reconstruction of the B meson in these
channels using Belle II Monte Carlo samples. Furthermore, a brief outlook will

be shown.

T 85: Beyond the Standard Model (Theory) 2 and QFT and Lattice Gauge Theory 1
Time:�ursday 16:15–18:30 Location: T-H16

T 85.1 �u 16:15 T-H16
Four-top �nal states as a probe of Two-Higgs-Doublet models — ∙Steven
Paasch and Henning Bahl—Deutsches Elektronen-Synchrotron DESY

Using a CMS measurement of four top (t t̄ t t̄) production in proton-proton col-
lisions we constrain the parameter space of BSM scalar models. We study these

e�ects for models with a generic scalar X with couplings toW-bosons and to
top-quarks. We use Monte-Carlo simulators and fast detector simulations to re-

cast the CMS analysis in order to obtain upper limits on the cross section times

branching fraction for the productionmodes pp → (t t̄ , tW , t)+X with X → t t̄,
where X is a new heavy Higgs H , a pseudoscalar A or mixed CP-state. Further-
more we study the impact on Two-Higgs-Doublet models where four top pro-

duction places constraints on the low tanβ region which is of special interest for
Baryogenesis.

T 85.2 �u 16:30 T-H16
Flavour andLHCconstraints in the 2HDM—OliverAtkinson1

, ∙Matthew

Black
2
, Christoph Englert

1
, Alexander Lenz

2
, Aleksey Rusov

2
, and

JamesWynne
3
—

1
SUPA, School of Physics and Astronomy, University of Glas-

gow, Glasgow, UK —
2
Physik Department, Universität Siegen, Walter-Flex-Str.

3, Siegen, Germany—
3
IPPP, Department of Physics, University of Durham, UK

We present comprehensive studies of the Two Higgs Doublet Model with Type

I and Type II Yukawa couplings. To �nd bounds on the mass spectrum of these

models, contributions to �avour, Higgs, and electroweak observables from the

new scalars and couplings are considered, using theoretical constraints to inform

these �ts. We compare the results of these �ts to those from direct searches at the

LHC, �nding regions of parameter space allowed by both �avour and collider.

In addition, we test the consequences of our results on electroweak baryogene-

sis and the possibility of generating a strong �rst order phase transition in the

2HDM.

T 85.3 �u 16:45 T-H16
Benchmarking Di-Higgs Production in Various ExtendedHiggs SectorMod-
els — ∙Duarte Azevedo5,6

, Hamza Abouabid
1
, Abdesslam Arhrir

1
,

Jaouad El Falaki
3
, PedroM. Ferreira

2,4
, MargareteMühlleitner

5
, and

Rui Santos
2,4
—

1
AbdelMalek Essaadi University, Faculty of Sciences and Tech-

niques B.P 416, Tangier, Morocco —
2
ISEL - Instituto Superior de Engenharia

de Lisboa, Instituto Politécnico de Lisboa 1959-007 Lisboa, Portugal—
3
EPTHE,

Physics Department, Faculty of Science, Ibn Zohr University, Faculty of Sciences

Agadir, Morocco —
4
Centro de Física Teórica e Computacional, Faculdade de

Ciências, Universidade de Lisboa, Campo Grande, Edifício C8 1749-016 Lisboa,

Portugal —
5
Institute for�eoretical Physics, Karlsruhe Institute of Technology,

76128 Karlsruhe, Germany—
6
Institute for Astroparticle Physics, Karlsruhe In-

stitute of Technology, 76344 Karlsruhe, Germany

We study di-Higgs production in various extended Higgs sector models such

as the real and complex 2HDM, the 2HDM with a real singlet and the next-to-

Minimal Sypersymmetric Standard Model. We study the process $pp\to h_ih_j$

with $h_i=h_j$ the 125 GeV scalar and the case where $h_i$ and/or $h_j$ are

new scalars predicted by the models. When performing the parameter scan, we

consider all relevant constraints.�e di-Higgs production cross section in these

models can exceed the Standard Model rate by more than one order of magni-
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tude. Furthermore we presenting our results for extended Higgs sector consid-

ered and list benchmark scenarios which exhibit important di-Higgs production

rates at the LHC.

T 85.4 �u 17:00 T-H16
Phenomenology of unusual top partners in composite Higgs models — Gi-
acomo Cacciapaglia

1
, Thomas Flacke

2
, ∙Manuel Kunkel

3
, and Werner

Porod
3
—

1
Université Lyon 1, Villeurbanne, France —

2
Center for AI and Nat-

ural Sciences (KIAS), Seoul, Korea —
3
Institut für�eoretische Physik und As-

trophysik, Universität Würzburg, Germany

We consider a particular composite Higgs model which contains SU(3) color

octet top partners besides the usually considered triplet representations. More-

over, color singlet top partners are present as well which can in principle serve

as dark matter candidates. We investigate the LHC phenomenology of these un-

usual top partners. Some of these states could be confusedwith gluinos predicted

in supersymmetric models at �rst glance.

T 85.5 �u 17:15 T-H16
HiggsTools: a toolbox for BSM scalar phenomenology — ∙Steven Paasch1

,

Cheng Li
1
, Jonas Wittbrodt

1
, Thomas Biekoetter

1
, Henning Bahl

1
,

Georg Weiglein
1
, and Sven Heinemeyer

2
—

1
Deutsches Elektronen-

Synchrotron DESY —
2
Instituto de Fisica Teorica (UAM/CSIC), Universidad

Autonoma de Madrid
�e codes HiggsBounds and HiggsSignals compare model predictions of BSM

models with extended scalar sectors to searches for additional scalars and mea-

surements to the 125GeVHiggs boson. We present a uni�cation and extension of

the functionalities provided by both codes into the new HiggsTools framework.

�e codes have been re-written in modern C++ with a native python interface

for easy interactive use. We discuss the user interface for providing model pre-

dictions, now part of the new sub-library HiggsPredictions, which also provides

access to many tabulated cross sections and BRs in reference models such as

the SM. HiggsBounds now implements experimental limits purely through json

data �les and can better handle clusters of BSMparticles of similarmass, even for

complicated search topologies. In HiggsSignals, the treatment of di�erent types

of measurements has been uni�ed, both in the χ2 computation and in the data
�le format used to implement experimental results.

T 85.6 �u 17:30 T-H16
First-order strong-�eld QED processes including the damping of particle
states— ∙Tobias Podszus and Antonino Di Piazza—Max Planck Institute
for Nuclear Physics, Heidelberg, Germany

Strong �eld QED considers electrodynamic processes in the presence of an elec-

tromagnetic background �eld. Here ’strong’ refers to the intensity of the back-

ground �eld, which is so high that the interactions of electrons and positrons

with the background �eld have to be taken into account exactly in the calcu-

lations. �is is done by implementing the background �eld in the quantization

procedure of the fermion �eld. Exact solutions of the corresponding Dirac equa-

tion in the presence of an arbitrary planewave �eld are the so calledVolkov states.

However, Volkov states, as well as free photon states, are not stable in the pres-

ence of the background plane-wave �eld but ’decay’ as electrons/positrons can

emit photons and photons can transform into electron-positron pairs. By using

the solutions of the corresponding Schwinger-Dyson equationswithin the locally

constant �eld approximation, we compute the probabilities of nonlinear single

Compton scattering and nonlinear Breit-Wheeler pair production by including

the e�ects of the decay of electron, positron, and photon states. As a result, we

�nd that the probabilities of these processes can be expressed as the integral over

the light-cone time of the known probabilities valid for stable states per unit of

light-cone time times a light-cone time-dependent exponential damping func-

tion for each interacting particle.

T 85.7 �u 17:45 T-H16
QCD equation of state via the complex Langevin method — ∙Felipe
Attanasio

1
, Benjamin Jäger

2
, and Felix Ziegler

2,3
—

1
Institute for�eo-

retical Physics, Universität Heidelberg, Philosophenweg 16, D-69120, Germany

—
2
CP3-Origins & Danish IAS, Department of Mathematics and Computer Sci-

ence, University of Southern Denmark, Campusvej 55, 5230 Odense M, Den-

mark —
3
School of Physics and Astronomy,�e University of Edinburgh, EH9

3FD Edinburgh, United Kingdom

�e equation of state of hadronic matter is of high importance for many �elds,

ranging from heavy-ion collisions to neutron stars. Non-perturbative methods

to simulate QCD encounter di�culties at �nite chemical potential μ due to the
so-called sign problem. We employ the complex Langevinmethod to circumvent

this problem and carry out simulations at a variety of values for temperature and

μ. We present results on the pressure, energy and entropy equations of state, as
well as a numerical observation of the Silver Blaze phenomenon.

T 85.8 �u 18:00 T-H16
High-energy di�ractive processes without andwith so� photon radiation and
Low’s theorem — ∙Piotr Lebiedowicz

1
, Otto Nachtmann

2
, and Antoni

Szczurek
1
—

1
Institute ofNuclear Physics PolishAcademy of Sciences, Krakow,

Poland—
2
Institut für�eoretische Physik, Universität Heidelberg, Heidelberg,

Germany

Exclusive high-energy reactions at small momentum transfer without and with

so� photon radiation are discussed.�e tensor-pomeron model describing such

reactions involving hadrons is introduced. �e tensor-pomeron model is for

hadronic high-energy reactions and has its origin in general investigations of the

so�, nonperturbative, pomeron in QCD.�e emission of so� radiation provides

a fundamental probe of the consistency of the underlying Quantum Field�e-

ory. As an example pion-pion scattering without and with so� photon emission

is considered. �e “exact” model results are compared to so� photon approx-

imations based on Low’s theorem. �e term of order (photon energy)
0
in the

expansion of the photon emission amplitude needs to be changed compared to

Low’s result.

T 85.9 �u 18:15 T-H16
Decay constants of B, Bs , and Bc mesons — ∙Matthew Black and Oliver

Witzel — Physik Department, Universität Siegen, Walter-Flex-Str. 3, Siegen,

Germany

We present the status of our ongoing work extracting B-meson decay constants
fB with B = B0 , B

+
, Bs , Bc . Our calculation is based on N f = 2 + 1 dynami-

cal �avour gauge �eld ensembles generated by the RBC/UKQCD collaborations

using domain wall fermions and the Iwasaki gauge action. Using domain wall

light, strange, and charm quarks and relativistic b-quarks we obtain results at
three di�erent lattice spacings a ≈ 0.11, 0.08, 0.07 fm andmultiple valence quark

masses. We perform a global �t to obtain phenomenologically relevant results

in the continuum and at physical quark masses.

T 86: Neutrino Physics (Theory) 1 and Theoretical Astroparticle Physics and Cosmology 1
Time:�ursday 16:15–18:00 Location: T-H17

T 86.1 �u 16:15 T-H17
Majoron Models without Domain Walls— ∙Tim Brune— TU Dortmund
In the singlet Majoron model, neutrino masses arise due to the spontaneous vi-

olation of lepton number. Apart from providing a viable dark matter candidate,

the model can also explain the generation of a baryon asymmetry via Leptoge-

nesis. However, the Majoron model su�ers from the existence of cosmological

domain walls, contradicting observations. I present extensions of the Majoron

model by additional right-handed doublets and triplets that render it domain

wall free. Besides avoiding the existence of domain walls, the additional parti-

cles have a non-trivial e�ect on the Sphaleron process that converts the lepton

asymmetry to a baryon asymmetry in Leptogenesis models.

T 86.2 �u 16:30 T-H17
Search for Fermionic Dark Matter using Astrophysical Neutrinos and Quan-
tum Gravitational Decoherence—Heinrich Päs, ∙DominikHellmann, and
Erika Rani— TU Dortmund, Dortmund, Deutschland

A model involving quantum gravitationally induced decoherence is proposed to

investigate on the properties of fermionic dark matter using astrophysical neu-

trinos.

�e main assumption of the model is that interactions of particles with the

spacetime foamviolate global quantumnumbers such as lepton number and only

conserve unbroken gauge quantumnumbers. Hence, ifN hypothetical fermionic
darkmatter species exist transforming as a singlet under SU(3)c×U(1)EM, quan-
tum gravity interactions cannot distinguish between neutrinos and these un-

known degrees of freedom.

Applying this phenomenological 3+N �avor model to systems of high energy
neutrinos shows that these e�ects lead to a uniform �avor distribution over all

neutral fermionic species in an initially pure neutrino beam a�er su�ciently long

distances. �erefore, �uxes of neutrinos from astrophysical origin are expected

to di�er drastically from the standard expectation depending on the number of

additional dark matter fermions present.

Consequently, future neutrino experiments could provide new clues about the

fermionic dark sector.
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T 86.3 �u 16:45 T-H17
CPT Violation in Neutrino Oscillations with Quantum-Gravitational De-
coherence — ∙Erika Rani1,2, Heinrich Päs1, and Dominik Hellmann1

—
1
TU Dortmund, Lehrstuhl für�eoretische Physik III —

2
UIN Maulana Malik

Ibrahim Malang, Indonesia

Quantum gravity e�ects can lead to the violation of fundamental symmetries, in-

cluding global symmetries such as �avor, baryon and lepton number and discrete

symmetries such as CPT. In this talk, we investigate CPT violation in neutrino

oscillations in the context of quantum-gravitational decoherence. By employ-

ing the Ellis, Hagelin, Nanopoulos, and Srednicki (EHNS) formalism we study

a two-�avor scenario and discuss the size of the e�ect in di�erent parametriza-

tions.

T 86.4 �u 17:00 T-H17
”Magnetic” Mass of the Neutron — ∙Manfred Geilhaupt — HSN,

Mönchengladbach, Germany

In Quantum Physics, the Spin of an elementary particle is de�ned to be an in-

trinsic, inherent property. �e same to the magnetic moment (μ) due to the
spin of charged particles - like Electron (me) and Proton (mp). So the intrinsic

spin (S=1/2h-bar) of the electron entails a magnetic moment because of charge

(e). However, a magnetic moment of a charged particle can also be generated

by a circular motion (due to spin) of an electric charge (e), forming a current.

Hence the orbital motion (of charge around a mass-nucleus) generates a mag-

netic moment by Ampère’s law. �is concept must lead to an alternative way

calculating the neutrino mass (mí) while looking at the beta decay of a neutron
into fragments: proton, electron, neutrino and corresponding kinetic energies.

�e change of neutrons magnetic moment (μn) during the decay process is a
fact based on energy and spin and charge conservation, so should allow to cal-

culate the restmass of the charge-less neutrino due to a signi�cant change of:

μe= -9.2847647043(28)E-24J/T down to μev= -9.2847592533(28)E-24J/T (while
assuming mv=0.30eV to be absorbed and if (g-2)/2 from QED is independent of

mass). As always the last word has the experiment

T 86.5 �u 17:15 T-H17
Impact of bound states on non-thermal dark matter production — ∙Julian
Bollig—Albert-Ludwigs-Universität, Freiburg

In this talk I will discuss the in�uence of non-perturbative e�ects, namely Som-

merfeld enhancement and bound state formation, on the cosmological produc-

tion of non-thermal dark matter (DM). For this purpose, I will focus on a class

of simpli�ed models with t-channel mediators.�ese naturally combine the re-

quirements for large corrections in the early Universe, i.e. beyond the Standard

Model states with long range interactions, with a sizable new physics production

cross section at the LHC.

I will show that the dark matter yield of the superWIMP mechanism is sup-

pressed considerably due to the non-perturbative e�ects under consideration,

which leads to a signi�cant shi� in the cosmologically preferred parameter space

of non-thermal dark matter in these models. By revisiting the implications of

LHC bounds on long-lived particles associated with non-thermal dark matter,

I will conclude that testing this broad class of DM models at the LHC and its

successors is a bigger challenge than previously anticipated.

T 86.6 �u 17:30 T-H17
Constraining dark matter annihilation with cosmic ray antiprotons using
neural networks — Felix Kahlhoefer

1
, Michael Korsmeier

2
, Michael

Krämer
1
, SilviaManconi

1
, and ∙KathrinNippel1— 1

Institute for�eoreti-

cal Particle Physics and Cosmology (TTK), RWTHAachen University, D-52056

Aachen, Germany —
2
�e Oskar Klein Centre for Cosmoparticle Physics, De-

partment of Physics, Stockholm University, Alba Nova, 10691 Stockholm, Swe-

den
�e interpretation of data from indirect detection experiments searching for

dark matter annihilations requires computationally expensive simulations of

cosmic-ray propagation. We present new methods based on Recurrent and

Bayesian Neural Networks that signi�cantly accelerate simulations of secondary

and dark matter Galactic cosmic ray antiprotons by at least two orders of magni-

tude compared to conventional approaches while achieving excellent accuracy.

�is approach allows for an e�cient pro�ling or marginalisation over the nui-

sance parameters of a cosmic ray propagation model in order to perform pa-

rameter scans for a wide range of dark matter models. We present resulting

constraints using the most recent AMS-02 antiproton data on several models

of Weakly Interacting Massive Particles.

T 86.7 �u 17:45 T-H17
Constraining In�ationary Dynamics with the SKA — Tanmoy Modak

1
,

Tilman Plehn
1
, ∙Lennart Röver1, and BjörnMalte Schäfer

2
—

1
Institut

für�eoretische Physik, Universität Heidelberg, Germany —
2
Astronomisches

Recheninstitut, Universität Heidelberg, Germany

�e SKA allows to map the distribution of neutral hydrogen in the Universe

over a vast redshi� range. �e three-dimensional 21cm power spectrum found

through this map can be used to perform precision tests not only for several as-

trophysical phenomena but also for early Universe cosmology. Even considering

only a small redshi� range it allows to signi�cantly improve current constraints

on the Hubble slow-roll parameters when combined with the CMB anisotropies

measurement of Planck.

T 87: Electroweak Interactions (Exp.) 2
Time:�ursday 16:15–18:20 Location: T-H18

Group Report T 87.1 �u 16:15 T-H18
Latest results on vector boson scattering studies from CMS — ∙Ankita
Mehta, Andreas Hinzmann, and Steffen Albrecht — UHH, Hamburg,

Germany

Vector boson scattering (VBS) is a key production process to probe the elec-

troweak symmetry breaking sector of the standard model and to look for new

physics phenomena beyond the standard model indirectly. VBS measurements

have entered into a precision era with availability of larger dataset from LHC

runII and recent developments in the �eld of machine learning. A summary of

the latest VBS cross section measurements in di�erent channels from the CMS

experiment will be presented. A future outlook for the measurement of longitu-

dinally polarized scattering of the W and Z bosons in the HL-LHC scenario and

a combination of ATLAS and CMS measurements will also be presented.

T 87.2 �u 16:35 T-H18
Measurement of same-signWWProduction at 13TeVwith theATLASExper-
iment— ∙Shalu Solomon—Albert-Ludwigs University of Freiburg, Germany
�e electroweak production of same-sign W boson pairs is one of the pivotal

processes to experimentally probe the electroweak symmetry breaking mecha-

nism. With the Standard Model Higgs boson playing a key role in regularising

the scattering amplitude of longitudinally polarisedW bosons, and thanks to the

large electroweak to strong production mode ratio, measuring same-sign WW

production is an important tool to understand the electroweak sector.

�e analysis of 2015-2016 LHC data at $s = 13 TeV by the ATLAS experi-
ment resulted in the observation of electroweak WW production with a signal

signi�cance of 6.5 σ . With the entire Run 2 dataset, corresponding to an inte-
grated luminosity of 139 fb

−1
, the signal event yield has increased approximately

by a factor of four, which gives the potential for the �rst di�erential cross-section

measurement of this process.

�e talk aims to present a summary of the analysis.�e estimations of all the

major backgrounds along with their uncertainties and behaviour in di�erent val-

idation regions are discussed. Fitting and unfolding methods including closure

tests are presented. �e expected event yields and the largest uncertainties on

the cross-section are also shown.

T 87.3 �u 16:50 T-H18
Study of polarization fractions in same-signW boson scattering— ∙Prasham
Jain, Beate Heinemann, and Oleg Kuprash — Albert-Ludwigs-Universität

Freiburg, Freiburg, Germany

Polarized same-signW boson pair production is a crucial process to examine

the electroweak symmetry breaking mechanism. A measurement of the fraction

of longitudinally polarizedW bosons,W±
LW

±
L , directly probes the unitarization

mechanism of the vector boson scattering amplitude through Higgs boson con-

tributions, and is sensitive to potential new physics e�ects.�is talk presents the

validation of Monte Carlo samples for polarized WW production at the LHC

and shows �rst results of applying machine learning methods for extracting the

longitudinal polarization fraction.

T 87.4 �u 17:05 T-H18
Polarized same-signWboson scattering at the CMS experiment—Thorsten
Chwalek

1
, Nils Faltermann

1
, Abideh Jafari

2
, Thomas Müller

1
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∙Komal Tauqeer1 — 1
Institut für Experimentelle Teilchenphysik (ETP), Karl-

sruher Institut für Technologie (KIT) —
2
Deutsches Elektronen-Synchrotron

(DESY), Hamburg

Polarized vector boson scattering (VBS) provides an opportunity for testing

the Higgs mechanism in the electroweak sector of the standard model. At the

LHC, the scattering of the weak gauge bosons can reveal the actual process by

which they get their masses. In particular, the longitudinal polarized state of

these bosons can reveal new information about the goldstone bosons of the elec-

troweak symmetry breaking sector.

�emost promising VBS channel for this type of study is same-signWW scat-

tering, which has a good balance between signal and backgrounds. In particular,
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the semi-leptonic decay channel provides a larger cross section than the fully lep-

tonic decay channel; however, this channel faces large background contributions

from V + jets process.

To increase the signal extraction, our study aims for advancements in the

boosted W-jet tagging techniques to identify the W jet decaying into hadrons

along with its charge and polarization. In this talk, I will discuss about the on-

going work to identify the W jet charge via ParticleNet algorithm.

T 87.5 �u 17:20 T-H18
A Search for anomalous couplings in the hadronic decay channel of Vector
Boson Scattering at the CMS experiment— Steffen Albrecht2, Thorsten
Chwalek

1
, Nils Faltermann

1
, Thomas Müller

1
, and ∙Max Neukum

1
—

1
Institut für Experimentelle Teilchenphysik (ETP), Karlsruher Institut für Tech-

nologie (KIT) —
2
Institut für Experimentalphysik, Universität Hamburg

Vector boson scattering (VBS) is the dominating process to investigate the quar-

tic vertex of electroweak theory at the LHC. Additionally, cancellations with con-

tributions from the Higgs boson are required to ensure unitarity. New physics in

the Higgs sector may thus alter the cross section noticeably even if it is currently

out of reach of direct measurements.

Deviations of couplings at high energies are formulated in an e�ective �eld

theory, a bottom-up approach, which parametrizes a multitude of explicit theo-

ries. Limits on introduced parameters allow to draw conclusions regarding the

strength and energy scale of new physics.

A search for anomalous couplings in the hadronic decay channel of VBS based

on proton-proton collisions at a center-of-mass energy of 13 TeV is presented. Jet

substructure techniques are used to distinguish between signal and background

events and a three-dimensional �t supresses contributions from QCD events.

T 87.6 �u 17:35 T-H18
Search for γγ →WW( j j lí) coupling in pp collisions at$s = 13 TeVwith the
ATLAS detector — ∙Varsiha Sothilingam — Kirchho�-Institut für Physik,
Heidelberg

Due to the non-abelian nature of the electroweak sector of the Standard Model

of Particle Physics (SM), direct interactions between gauge couplings is possible.

Measurements of its cross section allow for validation of the SM and potential

deviations opens possibilities for physics beyond the SM.�is talk is focused on

the coupling betweenWbosons and photonswhere theWbosons decay semilep-

tonically. �ey interact via the triple (γW+W−
) and quartic (γγW+W−

) gauge

couplings of the SM.�is process can be produced via centrally exclusive pro-

duction at the LHC, which provides the signal while keeping the protons intact.

�ese protons can be detected using the ATLAS Forward Proton (AFP) spec-

trometers, which are located around 200m away from the ATLAS detector, on

both sides. Using the central detector to measure theWW decay and protons

measured using AFP, the four momenta of the �nal state is known. �is talk

gives a deeper overview of this rare process and the methods used to de�ne a

mass signal region of interest to perform the searches for this process. Addition-

ally it will provide an overview of the pile up and background challenges which

have to be managed in this analysis.

T 87.7 �u 17:50 T-H18
AutomatedResummation of Electroweak Sudakov logarithmsusing SCETEW
— ∙Stefan Rode— Julius-Maximilians-Universität Würzburg
�e search for new physics at the LHC necessitates the precise comparison be-

tween theoretical predictions in the StandardModel and experimental data.�e

calculation of electroweak radiative corrections, required to reach a sub-percent

accuracy on the theory side, yields potentially large logarithmic corrections of

the form α log(s/M2
W) to each order in perturbation theory. While at the LHC

these corrections can already reach several tens of percent, this problem will be

even more relevant at future colliders, where a resummation of these corrections

will be inevitable to maintain the predictive power of the calculation.

We present a framework for the automated calulation of observables includ-

ing the resummation of large logarithmic corrections using a generalisation of

So�-Collinear E�ective�eory (SCET) to spontaneously broken gauge theories.

We present results forW-boson pair production at the LHC and compare with
the well-known results obtained using �xed-order methods.

T 87.8 �u 18:05 T-H18
Upper limits on tri nucleon decays from GERDA— ∙Sean Sullivan for the
GERDA-Collaboration —MPIK, Heidelberg, Germany

Tri-nucleon decay is a hypothetical process violating baryon number conser-

vation allowed for in the standard model with an extension for light neutrino

masses [1,2]. �e GERDA search for neutrinoless double-beta decay employs

HPGe detectors enriched in
76
Ge which could undergo tri-nucleon decay to un-

stable daughter nuclei.�is work investigates the tri-nucleon decay chain of
76
Ge

to
73
Ga and the subsequent beta decay and gamma cascade to the stable daugh-

ter
73
Ge. �is allows setting limits on the tri-nucleon decay channels without

the need to consider the exotic physics of the initial decay.

[1]S.I. Alvis et al. (Majorana Collaboration), 2019. Search for Tri-Nucleon

Decay in the Majorana Demonstrator Phys. Rev. D 99, 072004

[2] Babu, K.S., Gogoladze, I. and Wang, K., 2003. Gauged baryon parity and

nucleon stability. Physics Letters B, 570(1-2), pp.32-38.

T 88: Top Quarks: Production (Exp.) 3
Time:�ursday 16:15–18:30 Location: T-H19

T 88.1 �u 16:15 T-H19
Studies of modern generators for top-quark pair-production — ∙Dominic
Hirschbühl, Jens Roggel, and WolfgangWagner— Bergische Universität

Wuppertal, Deutschland

�e precise simulation of t t̄ processes is crucial for precision tests of the Standard
Model and in the search for new physics at the Large Hadron Collider. Several

important new event generators for the simulation of t t̄ production have been
released in the last years.�e “bb4ℓ” generator is a NLO matrix-element gener-
ator for pp → bb̄ℓ+ℓ−

�
íí̄� �nal states implemented in the POWHEG-BOX. It

includes theoretical improvements in the simulation of t t̄ processes, which al-
lows the production of t t̄ and tW events including interference, o�-shell e�ects,

and top-quark decays at NLO. In this talk comparisons of these predictions with

unfolded ATLAS data as well as with predictions for di�erent DR andDSmodels

implemented in MG5_aMC@NLO are shown. A second major improvement is

theMINNLOPS implementation of the t t̄ process in the POWHEG-BOX, which
can be used to generate the t t̄ production at NNLO. Studies of several param-
eter variations and an optimised setup for the NNLO generator matched with

Pythia8 are presented.

T 88.2 �u 16:30 T-H19
Machine learning approaches for parameter reweighting in MC samples of
top quark production — ∙Valentina Guglielmi, Katerina Lipka, and Si-
mone Amoroso—DESY, Hamburg, Germany

In high-energy particle physics, complex Monte Carlo simulations are needed

to connect the theory to measurable quantities. O�en, the signi�cant computa-

tional cost of these programs becomes a bottleneck in physics analyses.

In this contribution, we evaluate an approach based on a Deep Neural Net-

work to reweight simulations to di�erent models or model parameters, using

the full kinematic information in the event. �is methodology avoids the need

for simulating the detector responsemultiple times by incorporating the relevant

variations in a single sample.

We test the method onMonte Carlo simulations of top quark pair production,

that we reweight to di�erent SM parameter values and to di�erent QCDmodels.

T 88.3 �u 16:45 T-H19
Modelling t t̄ + jets with the Sherpa fusing approach— ∙Lars Ferencz1, Ju-
dith Katzy

1
, Frank Siegert

2
, Stefan Höche

3
, Chris Pollard

4
, and Jo-

hannes Krause
2
—

1
DESY, Hamburg, Germany —

2
IKTP, Dresden, Germany

—
3
Fermilab, Chicago, United States —

4
University of Oxford, Oxford, United

Kingdom

Analyses interested in measuring the production of a top quark pair in associa-

tion with a Higgs boson decaying into a bb̄ �nal state rely on the MC modelling
or irreducible backgrounds like t t̄ + bb̄, t t̄ + cc̄ and t t̄+light jets. Recently MCs
with massive b-quarks in the t t̄bb̄ME@NLO (so called 4FS) predictions became
available and are used for the t t̄bb̄ related backgrounds. However, in order to
predict the background for the analysis, they need to be combined with calcu-

lations of t t̄ + cc̄ and t t̄ + light jets taken from a di�erent calculation based on
massless quarks (5FS).�is talk will present a method for embedding a t t̄bb̄ 4 FS
prediction into a multi-leg tt+jets 5 FS prediction using the Sherpa MC genera-

tor.�is method is called "Sherpa Fusing".�is approach wouldmake it possible

to predict the various t t̄ + jets components like t t̄ + light jets, t t̄ + c-jets and t t̄ +
b-jets in a single sample, while ensuring the coverage of the full phase space.�is
talk will introduce the fusing method and present results comparing the fused

predictions to standalone t t̄+ jets and t t̄bb̄ predictions.

T 88.4 �u 17:00 T-H19
Studies of tt production with additional heavy �avour jets in p-p collision
with the ATLAS detector— ∙LucasKlein, MahsanaHaleem, and Raimund

Ströhmer— Julius-Maximilians-Universität Würzburg

�e production of tt-pairs with additional jets provides a strong test of quantum
chromodynamics (QCD) predictions at high orders. Furthermore, this produc-

tion represents as a signi�cant background to rare SM processes (e.g. ttH , tttt),
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as well as to processes beyond the standard model. �e additional jets consist-

ing of b-quarks originating from gluon splitting are particularly interesting in
constraining uncertainties in the prediction of the process.

In this talk, we will show studies of tt-pair production with additional b-jets
in the dileptonic top decay channel using full Run 2 ATLAS data from proton-

proton collision at $s = 13TeV. Events are chosen by requiring an oppositely-

charged eμ-pair and at least two b-jets in the �nal state as a baseline selection.
�e backgrounds originating from tt events with additional light- or c-�avour
jets (tt l, tt c) misidenti�ed as b-jets in exclusive 3 b-tagged jet and ≥ 4 b-tagged
jet regions are estimated using a data-driven method.

�e �ducial cross-sections for a phase space with at least one and at least two

additional b-jets at particle-level will be shown and compared. Di�erential cross-
section distributions for several variables in ≥ 3 b-jet and ≥ 4 b-jet regions will
also be shown and compared to several theoretical predicions.

T 88.5 �u 17:15 T-H19
Measurement of the associated production of top-antitoppairwith charm jets
using the DL1r b-tagging algorithm in the dileptonic �nal state— ∙Moritz

Habbaba, ArnulfQuadt, and Elizaveta Shabalina—II. Physikalisches In-

stitut, Georg-August-Universität Göttingen

Top-antitop pair production production accompanied by a quark-antiquark pair

is an important background for many measurements and searches. Top- antitop

pair production in association with a bottom-antibottom pair has been mea-

sured with relatively good precision inclusively and di�erentially using powerful

b-tagging tools.�e b-tagging algorithms have a long and stable history within

the analysis tools of particle physics. Dedicated tagging algorithms for charm

quarks on the other hand have not been widely used.�is work investigates the

possibilities of using existing b-tagging tools for c-tagging. �e expected signal

purity that can be achieved by using DL1r b-tagging algorithm for the purpose

of c-jet tagging is investigated. �e optimal signal regions in the dilepton ttbar

�nal state are de�ned and expected uncertainty on the t̄t + cc̄ cross section is
evaluated.

T 88.6 �u 17:30 T-H19
Results of di�erential tt+bb measurement in the lepton+jets channel at the
CMS experiment— ∙Jan van der Linden, UlrichHusemann, and Emanuel

Pfeffer— Institute of Experimental Particle Physics (ETP), Karlsruhe Institute

of Technology (KIT)

Due to the large mass di�erence between the light bottom quarks and the heavy

top quarks, the modeling of the associated production of bottom quarks with a

pair of top quarks (tt+bb) is very challenging and is still associated with large un-

certainties today. Pastmeasurements of the inclusive cross section of that process

also showed discrepancies between the predicted and measured cross sections,

which can be attributed to the challenging modeling. Furthermore, di�erent

Monte Carlo event generation methods show signi�cant di�erences in the mod-

eling of this process, for example in the di�erent treatment of heavy �avors in

the parton density functions or the simulation of the additional QCD radiation

via parton showering or matrix element simulation.

Hence a measurement of the inclusive cross section, as well as the absolute

and normalized di�erential cross section of tt+bb production is performed at

the CMS experiment in the lepton+jets decay channel of the tt system.�e mea-

surement will provide important input for the development and tuning of future

Monte Carlo event generators, to describe the physics of the tt+bb process more

accurately.

In this talk results of this analysis, using data from the full Run-2 period of the

LHC, are discussed.

T 88.7 �u 17:45 T-H19
Simultaneous measurement of tt+X(bb) processes in the semileptonic chan-
nel at the CMS experiment — ∙Rufa Rafeek, Emanuel Pfeffer, Jan van

der Linden, Michael Wassmer, and Ulrich Husemann — Institute of Ex-

perimental Particle Physics (ETP), Karlsruhe Institute of Technology (KIT)

Top quark anti-quark pairs (t t̄) are produced in association with other particles
(X) where X can be the Higgs boson, Z/W boson or QCD-initiated heavy �avour

jets (bb̄/cc̄).�e measurement of t t̄ +X is a direct probe of the coupling of stan-
dard model particles like the Higgs and Z boson to the top quark and may reveal

new physics e�ects in modi�cations of these couplings.

�e analysis is challenging as these processes, particularly when the bosons de-

cay into heavy �avour quarks, like for example, t t̄ + H(H → bb) and t t̄ + bb or
t t̄ + Z(Z → bb), share the same signature and kinematic features. �ese high
jet multiplicity �nal states create ambiguities in the reconstruction and identi-

�cation of these processes and thus, it is hard to di�erentiate them from each

other. Due to this challenge, an attempt to simultaneously measure these t t̄ + X
processes is made by exploring multivariate analysis strategies.

In this talk, an overview of the ongoing analysis, designed with the full Run-2

data of the LHC using the single lepton channel, is given.

T 88.8 �u 18:00 T-H19
Graph neural network applications in tt̄+heavy �avor studies at the CMS ex-
periment — ∙Emanuel Pfeffer, Max Erhart, Ulrich Husemann, Rufa

Rafeek, Jan van der Linden, and MichaelWassmer— Institute of Experi-

mental Particle Physics (ETP), Karlsruhe Institute of Technology (KIT)

Graph neural networks are a promising and novel method of arti�cial intelli-

gence. In contrast to other classes of machine learning, graphs may be better

at mapping relationships and dependencies among objects such as jets and at

learning interconnections. �e application of these networks is particularly in-

teresting in processes consisting a pair of top quarks produced in association

with bottom quarks (t̄t+bb̄) and other indistinguishable processes such as t̄t+H

with H → bb̄ or t̄t+Z with Z → bb̄. Initial studies show promising results in

identifying the b jets not originating from the decay of the top quarks in such

processes. �e graph neural network studies show better results than previous

ones based on conventional deep neural networks.

�is talk gives an overview of the applications and results of jet assignments in

t̄t+heavy �avor processes at the CMS experiment using graph neural networks.

T 88.9 �u 18:15 T-H19
Studies on tt+cc/tt+bb separation— ∙Max Erhart, UlrichHusemann, Jan

van der Linden, Emanuel Pfeffer, and Rufa Rafeek— Institute of Experi-

mental Particle Physics (ETP), Karlsruhe Institute of Technology (KIT)

Bottom jets and charm jets have very similar signatures and their identi�cation

techniques (b-tagging, c-tagging) use similar approaches, thus misidenti�cation

between these jets is common.�erefore the production of a top quark pair (tt)
in association with heavy �avor jets, i.e. charm and bottom (tt+cc, tt+bb), is
an important, irreducible background to analyses targeting top quark pairs with

additional bottom quark jets such as associated Higgs boson production with

a subsequent Higgs boson decay into bottom quarks (tt+H(bb)). �e model-
ing of the additional bottom or charm jets also su�ers from large uncertainties

in theroetical calculations due to the di�erence in mass scale for the large top

quark mass and the relatively light bottom or charm quarks.

Due to the similarities of these processes a simultaneous measurement of the

production cross section for heavy �avor jets in association with top quarks in

the dileptonic �nal state of the top quarks is being conducted at the CMS exper-

iment.

In this talk an overview of the ongoing analysis and the analysis strategies to

separate the tt+bb, tt+H(bb), tt+Z(bb) and tt+cc processes from one another
is given.

T 89: Higgs Boson: Decay in Fermions 2
Time:�ursday 16:15–18:00 Location: T-H20

T 89.1 �u 16:15 T-H20
Search for decays of boosted Higgs bosons to pairs of charm quarks with
the CMS Experiment — ∙Andrzej Novak, Luca Mastrolorenzo, Xavier

Coubez, Spadan Mondal, Andrey Pozdnyakov, and Andrzej Novak —

Physics Institute III A, RWTH Aachen

�e Higgs boson decay into charm quarks has the highest branching fraction of

the yet unobserved decays. Moreover, it is predicted to be the strongest coupling

to the second generation of fermions which as of now remains uncon�rmed.

�is talk presents a search for the Higgs boson in the gluon fusion production

mode with high Lorentz boosts, decaying to a pair of charm quarks.�e analysis

is modelled on a previous analysis of decays to pairs of bottom quarks and is en-

abled by recent developments in deep learning based tools for jet identi�cation

in such topologies. Probing this channel is not only important for completeness,

but it could also be sensitive to potential beyond Standard Model corrections.

T 89.2 �u 16:30 T-H20
Search for Higgs boson decay to a pair of charm quarks in a two-jets topol-
ogy at CMSwith full Run-2 data.— ∙Andrey Pozdnyakov1, Bjorn Burkle2,
Xavier Coubez

1,2
, Alena Dodonova

1
, Luca Mastrolorenzo

1
, Spandan

Mondal
1
, Andrzej Novak

1
, and Alexander Schmidt

1
—

1
RWTH Univer-

sity, Germany —
2
Brown University, USA

Full Run-2 data of the CMS experiment has been analyzed in order to obtain

the most sensitive result to date on the measurement of the Higgs boson cou-

pling to charm quarks.�e coupling of the Higgs boson to charm is probed in a
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direct search for the H→ cc decay, when the Higgs boson is produced in asso-

ciation with a W or Z boson. �e full analysis is carried out in two topologies :

boosted, where the two jets from a Higgs boson candidate are merged into one

large-cone jet, and resolved, where two small-radius jets are reconstructed. In

this talk we present a detailed overview of the resolved part of the full analysis.

Major developments are introduced compared to the previously published CMS

result, based on a partial data set. �ose include an improved jet �avor tagging

for charm jets based on DNNs, a dedicated jet-energy regression, a "kinematic

�t" that constrains momenta of the jets using leptons from an associated Z boson

decay. All these improvements lead to a stringent constraint on |κc |, which pose
a limit for BSM models with large κc variations.

T 89.3 �u 16:45 T-H20
Deep Sets for the ttH(H->bb) cross section measurement — ∙José Manuel

Clavijo Columbié and Judith Katzy — Deutsches Elektronen-Synchrotron

DESY, Notkestraße 85, D-22607 Hamburg

We present our analysis strategy for the measurement of the cross-section of the

ttH(H->bb) process di�erential in Higgs pT.We use a newly developed Deep Set

neural network to split the events into separate regions which are enriched in

signal or any of the main background processes.�is allows the signal measure-

ment together with good control of the background normalization factors and

their associated uncertainties. In addition, we split the signal-like events into

di�erent Higgs pT ranges for the di�erential cross-section measurement. We

perform an Asimov �t which gives the expected uncertainties of the measure-

ment, and a �t of the background regions to real collision data to measure our

ability to control the background processes.

T 89.4 �u 17:00 T-H20
E�ective Field �eory interpretations in Higgs boson pair production
studies and constraints on the Higgs boson self-coupling — ∙Christina
Dimitriadi

1,2
, Jochen Dingfelder

1
, Arnaud Ferrari

2
, Tatjana Lenz

1
,

and Serhat Ördek
2
—

1
Physikalisches Institut Universität Bonn, Germany —

2
Uppsala University, Sweden

A�er the discovery of the Higgs boson in 2012, an important test of electroweak

symmetry breaking would be to establish evidence of the Higgs boson self-

coupling (λHHH ), which can be achieved through ameasurement ofHiggs boson
pair production. In the Standard Model (SM), di-Higgs events are dominantly

produced in gluon-gluon fusion processes, e.g. involving the Yukawa coupling

to top quarks (top quark loops) or via the Higgs boson self-coupling.�ese two

production mechanisms interfere destructively, which leads to a very small di-

Higgs production cross-section. However, deviations in couplings of the Higgs

boson from the SM expectation could lead to a signi�cant enhancement of the

di-Higgs production rate.

A re-interpretation of the search for non-resonant Higgs boson pair pro-

duction in the bbττ channel, which is one of the most sensitive for probing
the Higgs self-coupling, is presented. A scan of the self-coupling modi�er,

κλ = λHHH/λ
SM
HHH , is performed and limits on κλ are set. Projected sensitiv-

ity results at the High-Luminosity LHC are also discussed. Finally, preliminary

studies for Higgs E�ective Field�eory interpretations of the existing analysis

are shown.

T 89.5 �u 17:15 T-H20
Search for Higgs Boson Pair Production in Multi-Lepton Final States with
the ATLAS Detector — Volker Büscher, Antoine Laudrain, Christian

Schmitt, ∙Niklas Schmitt, and Duc Bao Ta — Johannes Gutenberg-

Universität, Mainz

A�er the discovery of the Higgs boson in 2012 at the LHC,many of its properties

have already been determined precisely using data of an integrated luminosity

of 139 fb
−1
. However, one of the biggest challenges in this �eld remains the

measurement of the coupling of the Higgs boson to itself. It allows for a deep

insight into the real shape of the Higgs potential and hence has a big impact

on the understanding of fundamental interactions not only at the electroweak

scale. In order to constrain the trilinear self-coupling, the Di-Higgs production

cross section is measured. While decay modes including b-quarks typically have
larger branching fractions, leptonic �nal states are generally much cleaner and

have less SM background. Accordingly, probing this channel as a complement

to bb̄ analyses will be very promising.

Because of the small branching ratio and the large number of di�erent SM back-

grounds, it is di�cult to investigate every leptonicHH decay mode individually.
For this reason, dedicated neural networks in the 2,3 and 4 lepton �nal states have

been trained to distinguish all re- levant signal processes against the sum of all

backgrounds.�is talk will introduce the analysis strategy and give an overview

on the performance of themulti-lepton channel compared to other decaymodes.

T 89.6 �u 17:30 T-H20
Search for Higgs-boson pair production in the bbℓℓ + Emiss

T �nal state with
the ATLAS detector — ∙Benjamin Rottler, Benoit Roland, and Markus

Schumacher—Albert-Ludwigs-Universität Freiburg

�e determination of the triple Higgs-boson self-coupling λ is one of the key
goals of the physics program at current and future colliders. It will allow to recon-

struct the Higgs potential. �e self-coupling can be accessed via non-resonant

Higgs-boson pair production, which can happen at the LHC via the destructively

interfering top-loop and Higgs self-interaction diagrams.

�e goal of this analysis is to measure the cross-section of the non-resonant

Higgs-boson pair production σHH and the Higgs-boson self-coupling λ using
the full Run-2 dataset collected by the ATLAS experiment, corresponding to an

integrated luminosity of ∼139 fb−1 at $s = 13TeV. �is is done by consider-

ing the bbℓℓ + EmissT �nal state, which combines the high branching ratio of the

H → bb decay and the good e�ciency of lepton triggers. Our focus is on a com-
bined search for the HH → bb(WW → 2ℓ2í), HH → bb(ττ → 2ℓ4í) and
HH → bb(ZZ → 2ℓ2í/2ℓ2q) processes.
A multi-class deep neural network (NN) is used to separate signal and back-

ground processes on top of a loose preselection. �e shape of the NN output

distribution will be used in the statistical analysis. I will present the results of

the σHH and λmeasurements. I will also discuss the application of parametrized
NNs (pNN) for the λ measurement, which allows to train a combined NN for
multiple λ values.

T 89.7 �u 17:45 T-H20
HH→bbττ Run 3Trigger Studies— ∙AndrésMelo, JasonVeatch, and Stan

Lai— II. Physikalisches Institut, Georg-August-Universität Göttingen

�e HH→bbττ search is performed using data taken from the ATLAS exper-
iment at the LHC, and allows us to probe the Higgs self-coupling (for non-

resonant decays) and the existence of heavier particles from which both Higgs

would have been produced (for resonant decays). Since the Higgs boson is iden-

ti�ed by its decay products, tau triggering is an important and crucial part of the

search.

In order to ensure optimal trigger e�ciency for this �nal state signature in

Run-3, the e�ciency at the high level trigger (HLT) with respect to the Level-

1 trigger (L1) is studied. A characterization of various kinematic variables and

quantities of the events that do not pass the HLT triggers is performed. �is

study allows for an improvement of the trigger e�ciency, minimizing event loss.

T 90: Higgs Boson: Associated Production 2
Time:�ursday 16:15–18:15 Location: T-H21

T 90.1 �u 16:15 T-H21
Search for the standard model Higgs boson in associationwith a bottom-
quark pair (bbH)— ∙Maryam BayatMakou— CMS-DESY, Hamburg, Ger-

many

One of the main goals of the LHC experiment is the precise measurement of

the Higgs boson production mechanisms to clarify its coupling structure. In the

Standard Model of particle physics, the coupling of the Higgs boson to fermions

is introduced via the Yukawa interaction. Up to now the Yukawa coupling to b-

quarks (yb) was measured only in the decay process, and not yet in the produc-
tionmechanism due to the low cross-section and the overwhelming background

processes.

�is measurement aims at measuring the b-associated Higgs production

(bbH) using data collected by the CMS experiment during Run 2. �e study

covers events where the Higgs boson is produced through the bbH channel and

further decays into two tau leptons, subsequently fully leptonically (τeτμ) or fully

hadronically (τhτh). A machine learning approach has been used to classify the
events into two Higgs signal classes and several background classes. First results

on the sensitivity on the bbH production channel will be shown.

T 90.2 �u 16:30 T-H21
Higgsstrahlung with H→bb decay at NNLO+PS— ∙Silvia Zanoli1, Mauro

Chiesa
2
, Emanuele Re

3,4
, MariusWiesemann

1
, and Giulia Zanderighi

1,5

—
1
Max-Planck-Institut für Physik, Föhringer Ring 6, 80805 München, Ger-

many —
2
Dipartimento di Fisica, Università di Pavia, and INFN, Sezione di

Pavia, Via A. Bassi 6, 27100 Pavia, Italy —
3
INFN, Sezione di Milano - Bic-

occa, and Università di Milano - Bicocca, Piazza della Scienza 3, 20126 Mi-

lano, Italy—
4
LAP�, Université Grenoble Alpes, Université SavoieMont Blanc,

CNRS, 74940 Annecy, France —
5
Physik-Department, Technische Universität

München, James-Franck-Strasse 1, 85748 Garching, Germany

I present the computation of HZ and HW production followed by the Higgs bo-
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son decay into a pair of bottom quarks within the MiNNLOPS framework. Both

the production and the decay of the Higgs boson are evaluated at NNLO+PS

accuracy, consistently combined and then matched to the parton shower by

means of a vetoed shower. �is MiNNLOPS calculation supersedes the previ-

ous NNLOPS results, obtained through MiNLO’+reweighting. I will show and

discuss phenomenological results for LHC collisions at 13 TeV.

T 90.3 �u 16:45 T-H21
Back to the Formula - LHC Edition — Anja Butter

1
, Tilman Plehn

1
,

∙Nathalie Soybelman2
, and Johann Brehmer

3
—

1
Institut für�eoretische

Physik, Heidelberg, Deutschland —
2
Weizmann Institute of Science, Rehovot,

Israel —
3
New York University, New York, USA

While neural networks o�er an attractive way to numerically encode functions,

actual formulas remain the language of theoretical particle physics. We use sym-

bolic regression trained on matrix-element information to extract, for instance,

optimal LHC observables. �is way we invert the usual simulation paradigm

and extract easily interpretable formulas from complex simulated data. We in-

troduce the method using the e�ect of a dimension-6 coe�cient on associated

ZH production. We then validate it for the known case of CP-violation in weak-

boson-fusion Higgs production, including detector e�ects.

T 90.4 �u 17:00 T-H21
Deep-Learning driven Signal Extraction in the Associated VH-Production
with the CMS Experiment— ∙Niclas Eich, Svenja Diekmann, and Martin

Erdmann— RWTH Aachen
�e Higgs Boson production in association with a Vector Boson known as

”Higgs-Strahlung” (VH) is one of the four main production modes of the Higgs

at the LHC.�e VH-production can be divided into twomodes, being produced

by quark-annihilation and gluon-fusion for a Z boson respectively. In our analy-

sis, we aim to measure the gluon-fusion process in the �nal states with the Higgs

decaying to a b-quark pair and the W/Z decaying leptonically. We make use

of the symmetries between the quark and gluon induced processes and deploy

Deep Learning techniques to maximize the sensitivity of the measurement. Fi-

nally, we present �rst results towards the signal extraction using the data-taking

period 2017 of the CMS experiment.

T 90.5 �u 17:15 T-H21
Extracting the Gluon Fusion Component of the Associated ZH Production
with the CMS Experiment— ∙Svenja Diekmann, Niclas Eich, and Martin

Erdmann— III. Physikalisches Institut A, RWTH Aachen University

�e gluon fusion production mechanism of the associated ZH production

(дд → ZH) is a yet unmeasured Standard Model process sensitive to various
new physics scenarios.�e considered �nal state of two leptons and two b-jets is

not only populated by large backgrounds arising from other processes, but also

by the dominant quark initiated ZH production (qq̄ → ZH). In order to sepa-
rate these two production mechanisms, the total ZH production can be utilised

in combination with the WH production to extract the gluon fusion component

by analysing the ratio of their cross sections.�e strategy of this analysis to ex-

tract the gluon fusion component of the ZH production is demonstrated using

the data-taking period 2017 of the CMS experiment.

T 90.6 �u 17:30 T-H21
Extraction of the gluon-initiated component of the associated produc-
tion of the Higgs boson and a vector boson with the CMS experiment
— ∙Alena Dodonova1, Alexander Schmidt1, Xavier Coubez1,2, Luca

Mastrolorenzo
1
, Andrey Pozdnyakov

1
, Andrzej Novak

1
, Spandan

Mondal
1
, and Ming-Yan Lee

1
—

1
III. Physikalisches Institut A, RWTH

Aachen University, Aachen, Germany —
2
Brown University, Providence, USA

Associated Higgs boson production with a Z boson (ZH) contains quark- and
gluon-initiated components.�e gluon-initiated component (дд → ZH) could
be a good probe for the physics beyond the StandardModel (SM) since the e�ects

of the new physics for the loop-induced processes would be of the same order as

the SM process. Due to destructive interference between box and triangle con-

tributions at the leading order, this component is suppressed with respect to the

dominant quark-initiated contribution to ZH production.

In this talk, I will present the prospects to measure the upper limit on the

дд → ZH component in the H → bb̄ decay channel using multivariate analy-
sis. �e study is performed with the full Run 2 dataset collected with the CMS

detector at the LHC at $s = 13 TeV .

T 90.7 �u 17:45 T-H21
Simpli�ed Template Cross Section Measurement of pp → WH → WWW →
lílílí— ∙Moritz Hesping, Volker Büscher, Ralf Gugel, and Christian

Schmitt— Johannes Gutenberg Universität Mainz

�e measurement of the couplings of the Higgs boson is of great scienti�c in-

terest, since it has the potential of testing possible extensions to the Standard

Model.�e decay of a Higgs boson into a pair ofW bosons a�er production in

association with aW boson is especially useful, since in this process the Higgs

boson exclusively couples toW bosons.

In addition to the inclusive analysis of the full run 2 dataset of the ATLAS ex-

periment, the pp → WH → WWW → lílílí process was measured in the
scheme of Simpli�ed Template Cross Sections (STXS).�e STXS mesurement

of this process requires access to the transverse momentum of the associatedW
boson, which due to the presence of three neutrinos in the �nal state cannot be

fully reconstructed. In this talk the analysis strategy will be presented, with a fo-

cus on the regression neural network for theW momentum reconstruction and

the multiclassi�er network for signal-background separation.

T 90.8 �u 18:00 T-H21
Prospects of measuring the Higgs self-coupling at the ILC — ∙Julie
Torndal

1,2
, Jenny List

1
, and Yasser Radkhorrami

1,2
—

1
Deutsches

Elektronen-Synchrotron DESY, Hamburg —
2
Universität Hamburg, Hamburg,

Germany

�e Higgs-self coupling is a key feature in understanding the Higgs potential

and hence the underlying mechanism that provides mass to the elementary par-

ticles. Any deviations from the StandardModel (SM) could indicate new physics

beyond the SM.

Experimentally, the measurement of the Higgs self-coupling poses many chal-

lenges due to the very small production cross sections and multi-jet �nal states.

�e International Linear Collider o�ers a clean experimental environment at

energies above the threshold of double Higgs-strahlung. Since the Higgs self-

coupling was last studied (5-8 years ago) there have been tremendous progress

for high-level reconstruction tools which could lead to a large improvements in

the sensitivity.

In this contribution, we revisit the projections made for the Higgs self-

coupling measurement at the ILC at a center-of-mass energy of 500 GeV and

study the e�ects of improvements made in the high-level reconstruction tools.

T 91: Higgs Boson: Rare Decays
Time:�ursday 16:15–17:45 Location: T-H22

T 91.1 �u 16:15 T-H22
Search for the Higgs Boson decay to a Z boson and a photon— ∙Ming-Yan

Lee— RWTH III. Physikalisches Institut A, Aachen, Germany

�e results of the search for the Higgs boson decays to Zγ will be presented. In
the search for this rare Higgs boson decay, the leptonic channel is most promis-

ing as it has relatively low background and can be fully reconstructed in the CMS

detector. A few analysis techniques such as multivariate analysis methods, kine-

matic �t and �nal state radiation recovery are introduced to improve the sensi-

tivity.�e combination of the Run 2 data results in an observed (expected) upper

limit on the signal strength of 4.1 (1.8) at 95% con�dence level.

T 91.2 �u 16:30 T-H22
Higher order QCD corrections and e�ective operators in Higgs boson pair
production—GudrunHeinrich1

, ∙Jannis Lang1, and Ludovic Scyboz2 —
1
Karlsruhe Institute of Technology (KIT) —

2
University of Oxford, UK

We present results for Higgs boson pair production in gluon fusion including

both, NLO (2-loop) QCD corrections with full top quark mass dependence as

well as anomalous couplings related to operators describing e�ects of physics

beyond the Standard Model.�e latter can be realized in non-linear (HEFT) or

linear (SMEFT) E�ective Field�eory frameworks. We show results for both and

discuss the impact of di�erent approximations within the SMEFT description.

T 91.3 �u 16:45 T-H22
Employing Matrix Elements with Neural Networks to Search for Higgs Self-
coupling— ∙ChristophAmes, Otmar Biebel, and Lars Linden—Ludwigs-
Maximillians-Universität, Munich

�e Higgs boson was discovered in 2012 as predicted by the Standard Model,

however, not all of its predicted couplings have been measured yet. One such

coupling is the Higgs self-coupling, in which a Higgs boson decays into two fur-

ther Higgs bosons. By integrating over all possible initial states and by using the

details of the end state, the matrix element method evaluates the weight of an

event for the speci�c production cross section. In this work, machine learning

is combined with the matrix element method to search for HH → bb̄W+W−

using simulated data. A neural network is trained to calculate the matrix ele-

ment weight of an event and to use this to determine whether the event contains

a signal or a background decay.
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T 91.4 �u 17:00 T-H22
Investigating Sensitive Observables as Input Variables for Neural Networks
in the Search for Higgs Self-Interaction— ∙Lars Linden, Christoph Ames,
and Otmar Biebel— Ludwig-Maximilians-Universit\”at, M\”unchen

A precise measurement of Higgs boson self-interaction is important to deter-

mine the properties and the shape of the Higgs potential. Deviations of the ex-

pected shape may possibly hint to new physics phenomena. However, the cross-

section of the Higgs self-interaction process is very small. So, neural networks

are employed to enhance the experimental sensitivity for this process.�ese net-

works require a training using speci�c input observables sensitive to the Higgs

self-interaction �nal states.�is talk presents such observables for Higgs boson

pair production via the process $gg \to HH$ with a special focus on $HH\to

b\bar{b}W^+W^-$ �nal states.

T 91.5 �u 17:15 T-H22
Search for Higgs boson pairs decaying to multilepton �nal states with the
CMS experiment— ∙Tobias Kramer, Torben Lange, Marcel Rieger, and

Peter Schleper— Institut für Experimentalphysik, Universität Hamburg

In this presentation, the �rst CMS analysis searching for Higgs boson pairs de-

caying into multilepton �nal states is presented. It uses the full Run 2 dataset

corresponding to 138 fb
−1
recorded by the CMS experiment at a center of mass

energy $s = 13TeV. Several scenarios for producing events with SM Higgs bo-

son pairs are considered, such as the decay of heavy resonances as well as non-

resonant production via the SM as well as EFT modi�ed couplings. �e talk

focuses on Higgs decays to pairs of W bosons and tau leptons.�e analysis pro-

vides limits on the yet to be discovered trilinear Higgs self-coupling λ as well as
cross section limits for di�erent BSM scenarios, especially at high values for the

coupling strength modi�er κλ and low resonance masses.

T 91.6 �u 17:30 T-H22
Search for di-Higgs Production with the CMS Experiment using the full Run
2 Dataset— ∙Marcel Rieger, Peter Schleper, and Tobias Kramer— In-

stitut für Experimentalphysik, Universität Hamburg

A�er the discovery of the Higgs boson and measurements of its couplings to

vector bosons as well as third generation fermions, the search for processes in-

volving more than one Higgs boson will constitute one of the main goals of the

global particle physics program in the coming years.�e study of trilinear self-

coupling will eventually give rise to the structure of the Higgs potential and can

lead to profound theoretical consequences.�ereby, di-Higgs searches can gauge

our understanding of electroweak symmetry breaking and probe a variety of sce-

narios that reach beyond the Standard Model.

�e full Run 2 collision dataset recorded by the CMS experiment is analyzed

in a wide range of potential di-Higgs �nal states to maximize the coverage of the

available phase space. �is talk highlights aspects of these searches with focus

on �nal states involving two bottom quarks and two tau leptons. Prospects of

the combination of channels, as far as available, are presented and constraints on

the trilinear self-coupling as well as the coupling of two Higgs and two vector

bosons are reported.

T 92: Higgs Boson: Extended Models 3
Time:�ursday 16:15–18:00 Location: T-H23

T 92.1 �u 16:15 T-H23
Suche nach unsichtbaren Zerfällen des Higgs-Bosons in Ereignissen mit
einem hadronisch zerfallenden Vektorboson mit dem ATLAS-Detektor —
∙Johannes Balz, Volker Büscher, Duc Bao Ta und KiraKöhler— Institut
für Physik, Johannes Gutenberg-Universität Mainz

Eines der gegenwärtig größten Ziele für das ATLAS Experiment ist neben der

präzisen Vermessung des Standardmodells (SM) die Suche nach Physik jenseits

des SM.

In diesem Vortrag geht es um die Suche nach unsichtbaren Zerfällen des

Higgs-Bosons jenseits des Standardmodells. Beim untersuchten Kanal wird das

Higgs-Boson über die assoziierte Produktion mit einem Vektorboson erzeugt,

wobei das beteiligte Vektorboson im weiteren Verlauf hadronisch zerfällt und

das Higgs-Boson in für den Detektor unsichtbare Teilchen, zum Beispiel Dunkle

Materie, zerfällt. Daher umfasst die Selektion Ereignisse mit hohem fehlendem

Transversalimpuls und Jets, die kompatibel mit einem hadronisch zerfallenden

Vektorboson sind. Dadurch kann derHauptuntergrundZ→ íí bereits stark un-
terdrückt werden. Die höchste Sensitivität liegt bei hohen Transversalimpulsen

des Vektorbosons, das dann als ein groß�ächiger Jet rekonstruiert wird. Dessen

Jetsubstrukturvariablen ermöglichen eine weitere Untergrundunterdrückung.

Im Vortrag wird der aktuelle Stand der Analyse bei einer Schwerpunktsener-

gie von $s=13TeV vorgestellt.

T 92.2 �u 16:30 T-H23
Higgs Decay into Dark Matter in the CxSM at Next-to-Leading Order
— ∙Felix Egle1, Margarete Mühlleitner

1
, Rui Santos

2,3
, and João

Viana
2
—

1
Institute for�eoretical Physics, Karlsruhe Institute of Technology,

Wolfgang-Gaede-Str. 1, 76131 Karlsruhe, Germany—
2
Centro de Física Teórica

e Computacional, Faculdade de Ciéncias, Universidade de Lisboa, Campo

Grande, Edifício C8 1749-016 Lisboa, Portugal —
3
ISEL - Instituto Superior de

Engenharia de Lisboa, Instituto Politécnico de Lisboa 1959-007 Lisboa, Portugal

�e Complex Singlet extension of the StandardModel (CxSM) is one of the sim-

plest models to extend the scalar sector of the Standard Model (SM) and is also

able to provide a suitable Dark Matter (DM) candidate. A possibility to probe

the DM candidate at the LHC is given by the decay of the 125 GeV SM-like Higgs

boson into a pair of DM particles. In order to match the experimental accuracy,

higher-order corrections to this process have to be considered. We will present

the computation of the complete next-to-leading order electroweak corrections

to this decay process. In particular, we will describe the renormalization pro-

cedure for the CxSM, compare di�erent renormalization schemes, discuss the-

oretical and experimental constraints on the input parameters and compare the

results with current exclusion bounds.

T 92.3 �u 16:45 T-H23
DarkMatter Phase Transitions in ’CP in the Dark’— ∙Lisa Biermann, Mar-

gareteMühlleitner, and JonasMüller— Institute for�eoretical Physics,

Karlsruhe Institute of Technology, 76128 Karlsruhe, Germany

We study the possibility of a strong �rst-order electroweak phase transition

(SFOEWPT) in the extended scalar sector model ’CP in the Dark’. ’CP in the

Dark’ provides a Dark Matter (DM) candidate as well as explicit CP violation in

the dark sector. A globalminimization of the one-loop daisy-resummed e�ective

potential at �nite temperature is performed with the C++ code BSMPT. We �nd

a broad viable parameter space for an SFOEWPTwithin the reach of XENON1T

and future invisible decay searches. ’CP in theDark’ also o�ers SFOEWPT points

that display spontaneous CP violation at �nite temperature. Having not only an

SFOEWPT that provides the necessary departure from thermal equilibrium, but

also a source of additional non-standard CP violation, opens a promising gate

towards enabling the creation of the BAU in an electroweak baryogenesis sce-

nario.

T 92.4 �u 17:00 T-H23
Combination ofHiggs bosonmeasurements using Simpli�ed Template Cross
Sections with interpretations in the κ-framework at the ATLAS experiment
— ∙Joshua Clercx—Universität Hamburg/DESY, Hamburg, Germany
In the past, the standard model (SM) has been very successful in explaining and

predicting a wide range of phenomena, but currently there are clear indications

that not everything is described by the SM. Experimental measurements of cer-

tain high energy physics parameters could show deviations from the theoretical

predictions, which would indicate the existence of physics beyond the standard

model (BSM). Depending onwhere these deviations are found, it also gives some

insight into which BSM physics theories are interesting to further investigate.

Measurements in the Higgs sector are especially interesting, as there are many

opportunities to detect BSM e�ects here.�e most precise measurements in the

Higgs sector are obtained by combining measurements of cross sections of dif-

ferent Higgs boson production processes and decay channels. �is is typically

done in the Simpli�ed Template Cross Sections (STXS) framework: measure-

ments of cross sections of mutually exclusive regions of phase space, de�ned per

production process, are combined.�e measurements can be interpreted in the

κ-framework as a test of the SM coupling values of the Higgs boson to other SM
particles. What will be presented are results from the most recent combination

from the autumn of 2021, which is based on analyses of 13 TeV data with an

integrated luminosity of up to 139 fb
−1
.

T 92.5 �u 17:15 T-H23
Z2 Non-Restoration and Composite Higgs: Singlet-Assisted Baryogenesis
w/o Topological Defects—Andrei Angelescu, Florian Goertz, and ∙Aika
Tada—Max-Planck-Institut für Kernphysik, Heidelberg

Simple scalar extensions of the Standard Model with a spontaneously broken Z2

symmetry allow for a strongly �rst order electroweak phase transition, as sought

in order to realize electroweak baryogenesis. To circumvent the emergence of

phenomenologically problematic domain walls o�en encountered in this con-

text, in 2112.12087 (A. Angelescu, F. Goertz, AT), a scalar singlet framework

featuring a thermal history which does not restore Z2 in the early universe is

proposed.�is can be realized in a low energy e�ective theory with D>4 opera-

tors. A possible UV completion is provided by a SO(6)/SO(5) Composite Higgs
model with fermions in a symmetric 20

�
of SO(6), where the potential and the

Yukawa terms are obtained by spurion analysis and a CP violating term arises.
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Matching the two models and exploring them numerically shows that this sce-

nario can ful�l all Sakharov criteria needed for electroweak baryogenesis.

T 92.6 �u 17:30 T-H23
Constraining possible CP-admixtures in modi�ed Higgs sectors —
∙MarcoMenen, HenningBahl, PhilipBechtle, Elina Fuchs, SvenHeine-

meyer, Judith Katzy, Krisztian Peters, Matthias Saimpert, and Georg

Weiglein— Physikalisch-Technische Bundesanstalt Braunschweig

�e question why an excess of matter over antimatter was produced shortly a�er

the Big Bang is one of the greatest unsolved problems of modern physics. �e

Standard Model of particle physics cannot explain the amount ofCP violation

needed for the observed baryon asymmetry of the universe. Additional CP
violation may be found in the Higgs sector where a mixed CP state of the 125

GeV Higgs boson is not ruled out experimentally by current search limits.

In this talk, the Higgs Characterization model is presented. It is parameter-

ized by factors ci and c̃i which modify the scalar and pseudoscalar part of Higgs
couplings to other SM particles, respectively.�e program HiggsSignals (HS) is

used to calculate the resulting Higgs signal rates and compare them to available

Run 1 and Run 2 data from the Large Hadron Collider (LHC) at CERN.

�e signal rate measurements in HS are complemented by a dedicated CP
analysis in the H → ττ decay from CMS. Furthermore, constraints from the

current best limit on the electron electric dipole moment are examined to com-

plement the constraints from the LHC.�e amount of baryogenesis reachable

within the allowed parameter space regions is computed in the vev insertion ap-

proximation with optimal parameters.

T 92.7 �u 17:45 T-H23
Studies of di-Higgs production at the FCC-hh in the bbZZ(llíí) �nal state—
∙Kevin Laudamus—DESY, Hamburg, Germany
�e FCC-hh is a proposed circular hadron collider at an energy of 100 TeV.�e

total integrated luminosity is expected to be around 30 ab−1. With such a large
dataset, 400 times more double-Higgs events are expected than with the full HL-

LHC dataset, allowing to measure the Higgs self-coupling with high precision.

As a consequence, also rarer �nal states, which are not within reach of the (HL)-

LHC, have good prospects at the FCC-hh. One such �nal state is the bbZZ(llíí)
channel, which is studied in this work. A multivariate analysis of bbllíí events
is implemented and upper limits on the di-Higgs production cross-section are

derived in order to assess the potential of this channel. Moreover, it is inves-

tigated in how far speci�c kinematic regions, such as at high Higgs transverse

momentum, can be exploited. In these studies, particular attention needs to be

paid to the reconstruction of the missing transverse momentum, which will be

extremely challenging at the FCC-hh due to the very high pile-up environment.

T 93: Search for New Particles 6
Time:�ursday 16:15–18:45 Location: T-H24

T 93.1 �u 16:15 T-H24
Symmetries, Safety, and Self-Supervision — Barry M. Dillon

1
, Gregor

Kasieczka
2
, Hans Olischläger

1
, Tilman Plehn

1
, Peter Sorrenson

1,3
,

and ∙Lorenz Vogel1 — 1
Institut für�eoretische Physik, Universität Heidel-

berg, Germany —
2
Institut für Experimentalphysik, Universität Hamburg, Ger-

many —
3
Heidelberg Collaboratory for Image Processing, Universität Heidel-

berg, Germany

Collider searches face the challenge of de�ning a representation of high-

dimensional data such that physical symmetries are manifest, the discriminating

features are retained, and the choice of representation is data-driven and new-

physics agnostic. We introduce JetCLR (Contrastive Learning of Jet Represen-

tations) to solve the mapping from low-level jet constituent data to optimized

observables through self-supervised contrastive learning. Using a permutation-

invariant transformer-encoder network, physical symmetries such as rotations

and translations are encoded as augmentations in a contrastive learning frame-

work. As an example, we construct a data representation for top and QCD jets

and visualize its symmetry properties. We benchmark the JetCLR representation

against other widely-used jet representations, such as jet images and energy �ow

polynomials.

T 93.2 �u 16:30 T-H24
Searching for Jet Pairs with Anomalous Substructure in CMS — Gregor

Kasieczka, Louis Moureaux, Tobias Quadfasel, and ∙Manuel Sommer-

halder— Institut für Experimentalphysik, Universität Hamburg

Despite compelling experimental and theoretical motivation as well as extensive

new physics searches at the Large Hadron Collider, there have been no discov-

eries of physics beyond the standard model (BSM) so far. One potential reason

for this is that the common search strategy relies on selecting BSM signal candi-

date events based on speci�c signal and background models. Such a dedicated

search cannot be performed for every possible BSM theory and phase space re-

gion. �us, model-independent anomaly detection methods are an important

addition to existing search methods. �ese algorithms aim to select signal can-

didates in a data-driven manner based on anomalous phase space signatures.

One such anomaly detection method is CATHODE. It detects resonant sig-

nal peaks by combining neural density estimation in a sideband region with a

weakly supervised classi�cation task of disinguishing real data from synthetic

background-like samples. We present the �rst application of CATHODE in a

search for BSM physics in the CMS experiment targeting a dijet �nal state.

T 93.3 �u 16:45 T-H24
Autoencoders and k-Means for unsupervised anomaly detection in high en-
ergy physics—Thorben Finke, MichaelKrämer, AlessandroMorandini,

Alexander Mück, and ∙Ivan Oleksiyuk — Institute for�eoretical Particle
Physics and Cosmology (TTK), RWTH Aachen University, D-52056 Aachen,

Germany

Unsupervised anomalous jet tagging based on low-level observables has recently

gained popularity in the high energy physics community.�e main goal here is

to be as e�cient andmodel-independent as possible. We scrutinize a widely used

anomaly detection method based on the reconstruction loss of a deep autoen-

coder to show its capabilities, but also its limitations. Although we reproduce the

positive results from the literature, we show that the standard autoencoder setup

cannot be considered as a model-independent anomaly tagger by inverting the

task: the autoencoder fails to tag QCD jets if it is trained on top jets. We improve

the capability of the autoencoder to learn non-trivial features of jet images, such

that it is able to achieve both top jet tagging and QCD jet tagging with the same

setup. We propose an alternative machine learning approach using k-Means and

GaussianMixtureModel to construct anomaly scores. We show that these meth-

ods, albeit simple, have several bene�ts and may also be regarded as promising

anomaly detection tools.

T 93.4 �u 17:00 T-H24
How to Identify Anomalies at the LHC— ∙Thorsten Buss1, BarryDillon1

,

Thorben Finke
2
, Michael Krämer

2
, Alessandro Morandini

2
, Alexan-

derMück
2
, IvanOleksiuk

2
, and Tilman Plehn

1
—

1
Institut für�eoretische

Physik, Universität Heidelberg, Germany —
2
Institute for �eoretical Particle

Physics and Cosmology (TTK), RWTH Aachen, Germany

Searches for anomalous events are the main motivation for the LHC and de-

�ne key analysis steps, including triggers. We discuss how LHC anomalies are

de�ned through probability density estimates evaluated through an appropriate

latent space. Di�erent approaches, like invertible networks, and Dirichlet latent

spaces are illustrated for the especially challenging scenario of dark matter jets.

Finally, we present benchmark results for unsupervised top vs QCD jet tagging.

T 93.5 �u 17:15 T-H24
Better latent spaces for better autoencoders — Barry Dillon

1
, Tilman

Plehn
1
, Christof Sauer

2
, and ∙Peter Sorrenson1,3

—
1
Institut für �eo-

retische Physik, Universität Heidelberg, Germany —
2
Physikalisches Institut,

Universität Heidelberg, Germany —
3
Heidelberg Collaboratory for Image Pro-

cessing, Universität Heidelberg, Germany

Autoencoders as tools behind anomaly searches at the LHC have the structural

problem that they only work in one direction, extracting jets with higher com-

plexity but not the other way around. To address this, we derive classi�ers from

the latent space of (variational) autoencoders, speci�cally in Gaussian mixture

and Dirichlet latent spaces. In particular, the Dirichlet setup solves the problem

and improves both the performance and the interpretability of the networks.

T 93.6 �u 17:30 T-H24
Development of a new trigger for exotic particle searches with IceCube —
∙Timo Stürwald for the IceCube-Collaboration—Bergische Universität, Wup-
pertal, Deutschland

�e IceCube Neutrino Observatory is a cubic kilometer scale Cherenkov light

detector that also searches for signatures of particles beyond the standardmodel.

�e upcoming IceCube Upgrade and IceCube-Gen2 extension will improve the

sensitivity for these searches due to an increased and partly denser instrumented

sensitive volume. �e better sensitivity allows for the detection of signatures of

exotic particles including fractionally charged particles, which directly and in-

directly produce light.

In this talk results of adjusted IceCube standard triggers applied on simulated

fractionally charged particles are presented. Furthermore, the development of a

new trigger is presented.�is new trigger includes the analysis of isolated single

hits that so far are not included in any IceCube trigger, because a large fraction of

them originates from well understood noise sources. For simulated faint exotic
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signatures these isolated single hits become the dominant hit type.

*Funded by BMBF-Verbundforschung Astroteilchenphysik

T 93.7 �u 17:45 T-H24
Simulation of theWOM in IceCube Gen2 for the detection of exotic particles
— ∙Nick Jannis Schmeisser1, Anna Pollmann1

, and John Rack-Helleis
2

for the IceCube-Collaboration —
1
Bergische Universität Wuppertal —

2
JGU

Mainz
�e IceCube Neutrino Observatory is a cubic kilometer scale Cherenkov light

detector located at the geographic South Pole. Besides the detection of neutri-

nos, it is used for searches for particles beyond the Standard Model. One kind of

these exotic particles are fractionally charged particles which carry a fraction of

the electron charge.�e IceCube detector will be enhanced �rst by the IceCube

Upgrade and then by IceCube Gen2 in the next years. �e Wavelength-shi�ing

Optical Module (WOM) is a newly developed sensor that is going to be deployed

in the IceCubeUpgrade amongst other sensors.�eWOMachieves an improved

signal to noise ratio and UV-sensitivity in comparison to the sensors deployed

in the original IceCube detector via wavelength shi�ing and light guiding. In

this presentation the results of simulations with the WOM in IceCube Gen2 in-

vestigating the e�ciency of the WOM in detecting fractionally charged particles

in comparison to the optical modules used in the original IceCube detector is

shown. �ese simulations show that the WOM has a higher e�ciency than the

original sensors.

T 93.8 �u 18:00 T-H24
Search for heavy neutral lepton production and decay with the IceCube Neu-
trino Observatory — ∙Leander Fischer for the IceCube-Collaboration —
DESY Zeuthen
We investigate the ability of IceCube DeepCore to reconstruct low-energy (GeV)

double-cascade topologies, which can be produced through Beyond Standard

Model interactions. In particular, we consider Heavy Neutral Leptons (HNLs)

in the mass range of 0.1-3 GeV that are produced from up-scattering of atmo-

spheric tau-neutrinos.�e sensitivity toHNL interactions, where the production

and subsequent decay happen inside the detector volume, is investigated using

8 years of atmospheric data from IceCube DeepCore.

T 93.9 �u 18:15 T-H24
Search for Sub-Relativistic Magnetic Monopoles in IceCube — ∙Christian
Dappen

1
, Jakob Böttcher

1
, Sukeerthi Dharani

2
, and Christopher

Wiebusch
1
for the IceCube-Collaboration —

1
RWTH Aachen University -

Physics Institute III B, Aachen, Germany —
2
Universität Hamburg

�e IceCube Neutrino Observatory detects high energy neutrinos through their

interaction in theAntarctic icewhile also searching formore exotic particles such

as magnetic monopoles. �ese hypothetical particles are predicted by Grand

Uni�ed�eories as relics from the very early Universe. For masses on the GUT-

scale (10
14
GeV - 10

17
GeV) those monopoles would move at sub-relativistic

speeds (β < 10
−2
) through IceCube. A subrelativistic monopole in matter may

catalyze nucleon decays via the Rubakov-Callan e�ect.�is results in Cherenkov

light from small particle showers along the trajectory of the monopole with sep-

arations of centimeters up to tens of meters. �is pattern is recorded by a ded-

icated slow particle trigger at a rate of ≈ 10Hz. For the separation of signal

from background events, we have developed a chain of boosted decision trees

(BDTs) which are trained with simulatedmonopole signal and data-driven back-

ground events. In each level of the BDT, a background rejection of about 99% is

achieved which allows a more e�cient training of the subsequent BDT for rare

backgrounds. Based on the �nal selection, the sensitivity is estimated and the

analysis is evaluated with an experimental dataset of �ve months.

T 93.10 �u 18:30 T-H24
Searching for axion-like particles via ultra-high-energy photons— ∙Chiara
Papior, MarkusRisse, and PhilipRuehl—Center for Particle Physics Siegen,

Experimentelle Astroteilchenphysik, Universität Siegen

As axion-like particles (ALPs) provide solutions for several questions that cur-

rentmodels leave unanswered, it is of great interest to study them experimentally.

A potential coupling of ALPs to photons can be probed by large scale cosmic ray

detectors like the Pierre Auger Observatory which are sensitive to ultra-high-

energy (UHE) photons. A�er the hypothetical production of high energy ALPs

in the environment of e.g. a �aring blazar or a binary neutron star merger, ALPs

may propagate over cosmological distances through the intergalactic medium

without attenuation. Back-conversion into UHE photons may happen via the

Primako� e�ect in the magnetic �eld of the local cluster or the Galaxy itself. A

high-con�dence detection of an UHE photon from a transient source well be-

yond the megaparsec scale would be a strong indicator for the presence of ALPs

due to the opaqueness of the cosmic microwave background towards photons

at these energies. �e probability of the ALP-photon conversion depends on

several parameters such as the magnetic �eld in the intergalactic medium, the

distance of propagation and the mass and coupling of the ALPs themselves.�e

work presented in this contribution aims to evaluate the possibility to probe the

phase space of UHE ALPs by using the functionality of the gammaALPs python

package.

T 94: Silicon Strip Detectors 2
Time:�ursday 16:15–18:00 Location: T-H25

T 94.1 �u 16:15 T-H25
Status of the CMOS StripDetector Project in Freiburg— ∙Niels Sorgenfrei,
LeenaDiehl, MarcHauser, CedricHönig, Karl Jakobs, SvenMägdefes-

sel, Ulrich Parzefall, ArturoRodriguez, andDennis Sperlich—Albert-

Ludwigs Universität, Freiburg, Germany

Due to the increased use of large area silicon detectors in current and future par-

ticle detectors and only very few vendors available, which are capable of silicon

production and processing ful�lling quality and size requirements, the need for

reliable, fast and cost e�cient production processes arises. As part of a CERN

market survey, CMOS sensors in pixel and strip geometries were developed.

�e idea is to utilise the already existing industry infrastructure of the CMOS

process. However, typical CMOS foundries are usually only equipped to pro-

cess smaller sensors compared to what is required in e.g. the strip region of the

ATLAS Inner Tracker. �erefore, the process of stitching has to be used. By

employing wafer masks where the sensor structure is divided up into di�erent

parts, the individual parts can be imprinted multiple times side by side on the

wafer resulting in coherent areas larger than the reticles themselves.�e e�ect of

stitching on charge collection, electric �eld strength and con�guration, detection

e�ciency and radiation hardness has to be investigated.

In this talk measurements on passive CMOS strip sensors, produced by

LFoundry in a 150 nm process, will be discussed. �ree di�erent strip designs

are investigated and the results of IV,
90
Sr-source and edge-TCT measurements

will be presented.

T 94.2 �u 16:30 T-H25
Humidity Studies on ATLAS ITk sensors — Naim Bora Atlay

2
, Ingo

Bloch
1
, Heiko Lacker

2
, ∙Ilona Stefana Ninca1, and Christian Scharf2

—
1
Deutsches Elektronen-Synchrotron (DESY), Zeuthen, Germany —

2
Humboldt-Universität zu Berlin, Berlin, Germany

�is study aims to investigate electrical breakdown in the periphery of silicon

sensors, with a focus on humid conditions.�e study will take advantage of the

large number of silicon strip sensors produced for the ATLAS Upgrade in order

to probe their behavior.�e sensors are investigated using the transient current

technique (TCT).�e TCT setup available at Deutsches Elektronen-Synchrotron

in Zeuthen employs both red and infrared laser light.�is setup can be used to

study the transport of free charge carriers in the sensors at the surface and in-

side the bulk. Additionally, to better understand the electric properties of the

sensors, simulations using Technology Computer Aided Design were produced.

ATLAS ITk silicon miniature diodes were investigated in a humid environment.

We are planning to use a dedicated camera to localize the critical spots where

breakdown occurs on the surface of the diodes through luminescence of hot car-

riers. Using the information provided by the TCT measurements, the humidity

dependence of the electric �eld at the breakdown point is planned to be studied.

Understanding these dependencies will help us propose better geometries for

future sensors and potentially allow us to develop improved operation scenarios

for the future ATLAS ITk strips detector.

T 94.3 �u 16:45 T-H25
Recent results from the End-of-Substructure card for the ATLAS Strip
Tracker Upgrade — ∙Rickard Stroem1

, Artur Boebel
1
, Harald Ceslik

1
,

Mogens Dam
2
, Sergio Diez Cornell

1
, Peter Goettlicher

1
, Ingrid

Gregor
1
, James Keaveney

3
, Max Nikoi Van Der Merwe

3
, Jan Oechsle

2
,

Stefan Schmitt
1
, Marcel Stanitzki

1
, and JaneWyngaard

3
—

1
DESY, Ger-

many —
2
Niels Bohr Institute, Denmark —

3
University of Cape Town, South

Africa
�e silicon tracker of the ATLAS experiment will be upgraded for the High-

Luminosity Upgrade of the LHC. �e main building blocks of the new strip

tracker are modules of silicon sensors and hybrid PCBs hosting the read-out

ASICs.�e modules are mounted on rigid carbon-�bre substructures, known as

staves in the central barrel region and petals in the end-cap regions, that provide

services to all the modules. At the end of each stave/petal, a so-called End-of-

Substructure (EoS) card facilitates the transfer of data, power, and control signal

between the modules and the o�-detector systems.�e module front-end ASICs

transfer data to the EoS card on 640 Mbit/s di�erential lines. �e EoS connects
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up to 28 data lines to one or two lpGBT chips that provide data serialisation and

uses a 10GBit/s versatile optical link (VL+) to transmit signals to the o�-detector

systems. We will here present the EoS card’s design, results from various stress

tests, and the design and status of the dedicated production quality control test-

stands in the Detector Assembly Facility at DESY.

T 94.4 �u 17:00 T-H25
Beam Test Studies with Silicon Sensor Modules for the CMS Experiment
— ∙Florian Wittig

1
, Tobias Barvich

1
, Bernd Berger

1
, Alexander

Dierlamm
1
, Alexander Droll

1
, Umut Elicabuk

1
, Ulrich Husemann

1
,

Markus Klute
1
, Gani Kösker

1
, Roland Koppenhöfer

1
, Stefan Maier

1
,

Thomas Müller
1
, Jan-Ole Müller-Gosewisch

1
, Andreas Nürnberg

2
,

Marius Neufeld
1
, Hans Jürgen Simonis

1
, Pia Steck

1
, and Lea Stock

1
—

1
Institute of Experimental Particle Physics (ETP), Karlsruher Institute of Tech-

nology (KIT) —
2
Deutsches Elektronen-Synchrotron (DESY)

In the context of the Phase-2 Upgrade of the CMS Experiment, the whole tracker

will be replaced.�e new CMS Outer Tracker will be equipped with two di�er-

ent types of silicon sensor modules called PS and 2S modules. During the LHC

runtime, the modules and especially the silicon sensors will accumulate radia-

tion damage, which lowers the signalmeasured by themodule. In order to ensure

the full functionality of the 2Smodules during the entire operation time of CMS,

modules in the advanced prototyping phase have been built. One of the proto-

types features sensors that have been irradiated to �uences that are expected at

the end of the CMS runtime.�ese unirradiated and irradiated prototypes have

been tested at the DESY beam test facility.�is talk summarizes the results gath-

ered at the beam tests.

T 94.5 �u 17:15 T-H25
test beam analysis of a silicon-strip module for the CMS phase-II tracker up-
grade— ∙Chun Cheng—DESY, Hamburg, Germany
�e foreseen Large Hadron Collider upgrade is expected to deliver an integrated

luminosity that is one order of magnitude larger a�er 2027. Rare processes and

new phenomena may be observed in this high luminosity era. �e Phase-II

Outer Tracker upgrade of the CMS experiment is required to surmount higher

radiation and increased event rate. Transverse momentum (PT ) discrimination

is introduced in the design and will contribute to the Level-1 Trigger. A CMS

2S silicon strip module with PT discrimination concept was built by the DESY

Outer Tracker group and has undergone a test beam experiment at the DESY test

beam facility.

�e talk will brie�y summarize the assembly of the DESY 2S module, sensor

studies and the data acquisition scheme during the beam test. �e main focus

will be on the results from recent test beam measurements.�e analysis will be

done based on corryvreckan framework, a modular concept of test beam recon-

struction chain. Hit e�ciency of the sensors under a bias scan, the performance

over the large module area, and on-module PT discrimination functionality will

be presented.

T 94.6 �u 17:30 T-H25
Beam test of 2S module prototypes for the Phase-2 CMS Outer Tracker —
ChristianDziwok

2
, Lutz Feld

1
, KatjaKlein

1
, Martin Lipinski

1
, Alexan-

der Pauls
1
, Oliver Pooth

2
, Nicolas Röwert

1
, and ∙Tim Ziemons2 —

1
I. Physikalisches Institut B, RWTH Aachen University, Germany —

2
RWTH

Aachen University - Physics Institute III B, Aachen, Germany

�e CMS detector will be upgraded in the Phase-2 Upgrade for the operation

at the HL-LHC. Among others, the silicon tracking system will be completely

replaced by a new system providing an extended acceptance, an improved gran-

ularity and the feature to include tracking information into the level-1 trigger.

�e new Outer Tracker will consist of 2S modules with two strip sensors and

PS modules with a macro-pixel sensor and a strip sensor, specialized detector

modules with onboard pT discrimination.
�e functionality of current generation prototype 2S modules has been tested

at the test beam facility at DESY Hamburg in November 2019. With a 4GeV

electron beam, various studies are performed like e�ciency scans at di�erent

positions of the module or at varying inclination angles to mimic di�erent pT
particles. In this talk, e�ciency studies are presented.

T 94.7 �u 17:45 T-H25
A new high rate electron beam line at DESY II — ∙Dohun Kim — DESY,

Notkestraße 85, 22607 Hamburg

�e R-Weg is a former transfer beam line from the DESY II synchrotron to

DORIS. Recently, it has been refurbished to serve as a high-rate electron beam

line.�e full DESY II beam with up to several 10
10e− can be dumped at a rate of

12.5 Hz. �e available rates allow many detector tests that require high particle

rates, but this also allows to use the beam line has a facility for electron irradia-

tion.

Before theR-Weg is put into full operation, it is necessary to understand the beam

parameters and the radiation �eld in detail.�erefore, the R-Weg has been sim-

ulated and studied using FLUKA, which is a MC simulation framework for the

interaction and transport of particles in materials.

�e beam divergence, stability, beam pro�le etc. have been simulated.To verify

the results, a suite of measurements has been prepared and compared. In addi-

tion, the neutron and gamma background from the beam dump are studied to

ensure safe operation and to enable the use as a electron irradiation facility.

�is presentation is going to explain details of the R-Weg and present the simu-

lation result. Finally, an outlook into future measurements at the R-Weg is given.

T 95: Pixel Detectors 3
Time:�ursday 16:15–18:15 Location: T-H26

T 95.1 �u 16:15 T-H26
E�ects of gamma radiation on DEPFET pixel sensors for the Belle II exper-
iment — ∙Georgios Giakoustidis1, Jochen Dingfelder1, Ariane Frey2,
Botho Paschen

1
, Benjamin Schwenker

2
, and Marike Schwickardi

2
for

the Belle II-Collaboration —
1
University of Bonn, Germany —

2
University of

Göttingen, Germany

For the Belle II experiment at KEK (Tsukuba, Japan) the KEKB accelerator

was upgraded to deliver e+e− collisions at a center of mass energy of ECM =
10.58 GeV with an instantaneous luminosity of 8 ⋅ 1035 cm−2s−1. As the inner-
most part of the Belle II detector, the PiXel Detector (PXD), based on DEpleted

P-channel Field E�ect Transistor (DEPFET) technology, is most exposed to ra-

diation from the accelerator. Prototypes as well as a module from the �nal Belle

II production batch were irradiated with X-rays to doses up to 20 Mrad, corre-
sponding to the expected lifetime exposure. �e performance of the DEPFET

sensors and front-end electronics will be presented and the results of two recent

campaigns will be compared to previous results.

T 95.2 �u 16:30 T-H26
CMOS Upgrade of the Belle II Vertex Detector — ∙Marco Vogt, Chris-

tian Bespin, Ivan Dario Caicedo Sierra, Jochen Dingfelder, Tomasz

Hemperek, Fabian Hügging, Hans Krüger, and Norbert Wermes —

Physikalisches Institut der Universität Bonn

�e Belle II experiment at KEK in Japan will have an opportunity for upgrades of

its detector components during a long shutdown in 2027, when several upgrades

of the SuperKEKB e+ e− collider are planned. At the expected high instantaneous
luminosity of 6x1035 cm−2

, SuperKEKB will generate a high rate of background

particles, especially in the inner detector layers, the vertex detector. Here, hit

rates will exceed 100MHz cm−2
, inducing radiation levels of 100Mrad TID and

�uences reaching 5x1014 neq cm−2
. Such a high level of beam background will

create new challenges and requirements that can bemet by a new vertex detector.

A performant and robust vertex detector upgrade (VTX) is currently being de-

�ned by the Belle II collaboration.�e baseline design foresees an all-layer pixel

detector systembased on the TJ-Monopix2 fully depletedmonolithic CMOS sen-

sor. For the inner layers of the VTX, a new ultra-thin all-silicon ladder concept

is being developed and tested.

In this talk, the proposed monolithic CMOS upgrade will be presented. Tech-

nological aspects, system integration and performance estimations will be dis-

cussed.

T 95.3 �u 16:45 T-H26
Irradiation burst study of Belle II PXD module components — Florian

Bernlochner
1
, Jochen Dingfelder

1
, Georgios Giakoustidis

1
, Matthias

Hoek
2
, Botho Paschen

1
, and ∙Jannes Schmitz1 for the Belle II-Collaboration

—
1
University of Bonn, Germany —

2
University of Mainz, Germany

�e Belle II detector started recording collision data in spring 2019. During

physics runs, unexpected irradiation burst events occurred, which exposed the

inner detectors and especially the PXD (PiXel Detector) to unwanted levels of

prompt irradiation. Dedicated measurement campaigns were carried out at the

Mainz Microtron (MAMI), which aimed to reproduce the observed e�ects of

irradiation bursts on the PXD in Belle II. To this end, a focused high intensity

(up to 10uA) pencil beam of 855 MeV electrons was used to irradiate full system

demonstrators in several spatially con�ned �ducial regions. During �rst cam-

paigns in 2020 the observed failure mode could be reproduced and restricted to

vulnerable regions in one speci�c module component. In this talk, the results of

the latest measurement campaign in December 2021 will be presented, focussing

on possible protective measures against the impact of irradiation bursts on the

PXD modules installed inside Belle II.
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T 95.4 �u 17:00 T-H26
KEKTotal Ionizing DoseMeasurement of PXDModules and sensor e�ects at
Belle II—Ariane Frey, Benjamin Schwenker, Yannik Buch, and ∙Marike

Schwickardi — II. Physikalisches Institut, Georg-August-Universität Göttin-

gen

�e Belle II experiment at the Japanese B-factory SuperKEKB has started data

taking in early 2019 and the peak luminosity will be ramped up to 8⋅1035cm−2
s
−1
,

which is 40 times higher than the previous luminosity delivered to the Belle ex-

periment. It was therefore equipped with a new DEpleted P-channel Field E�ect

Transistor (DEPFET) based silicon PiXel Detector (PXD) for vertex detection to

cope with higher beam backgrounds.

�e monitoring of radiation e�ects on the new PXD is important throughout

operation, since sensor settings have to be adjusted to ensure e�cient operation.

To compare observed e�ects to preliminary studies an accurate measurement

of the total ionizing dose (TID) is needed. One way of dose monitoring is the

diamond control units, that measure the radiation conditions for the Belle II de-

tector. �e diamonds are placed at di�erent angles and positions close to the

beam pipe and continuously take data. However, the diamonds do not measure

the dose that the PXD received during beam times correctly, therefore the ap-

proach was chosen to estimate the TID of the PXD, using its occupancy. �e

drawback of this is that the PXD only sends out data while it is powered. To

compensate that, the dose rate deposited when PXD DAQ is disconnect is esti-

mated by scaling the dose rate of nearby diamonds with the ratio of pxd dose to

diamond dose.

T 95.5 �u 17:15 T-H26
Analog to Digital Converter ASICs scan on irradiated modules of the Pixel
VertexDetector at the Belle II experiment— ∙TommyMartinov andArthur

Bolz—DESY, Hamburg, Germany

�e Belle II detector placed at the SuperKEKB collider in Japan aims at studying

heavy �avour physics through electron-positron collisions at a center of mass

energy of approximately 10.6 GeV.�e innermost element of the detector is the

Pixel Vertex Detector (PXD).�e pixels are based on the DEPFET technology

(depleted p-channel �eld e�ect transistor).�e PXD is composed of 10 ladders

representing a total of approximately 3.6 * 10^6 pixels.�e PXD detects charged

particles with a transverse momentum higher than 40 MeV. On each module,

four Drain Current Digitizers (DCDs)measure the drain currents of all DEPFET

pixels. In each DCD, 256 ADCs convert the analog currents to digital signals.

�e characteristics of the ADCs are in�uenced by several components and ref-

erence voltages in the DCD. An ADC scan needs to be performed in order to

calibrate the ADCs and optimize the number of channels considered as ”good”.

�e Belle II detector has been taking data for three years and it has become vital

to evaluate the ageing of the di�erent components of the detector. �is presen-

tation focuses on the ADC calibration as a way to assess the operation quality of

the PXD DCDs in 2022 a�er three years of data taking.

T 95.6 �u 17:30 T-H26
Challenges of o�set calibration in irradiated modules of the Pixel Vertex De-
tector at the Belle II experiment — ∙Maria Konstantinova and Arthur

Bolz—DESY Hamburg

�e Pixel Vertex Detector (PXD) is situated as the innermost subdetector of the

Belle II experiment at the SuperKEKB collider in Japan. Each PXD module in-

cludes a matrix of 192’000 pixels based on the Depleted P-channel Field-E�ect

Transistor (DEPFET) technology. �e matrices are read out in rolling shutter

mode such that 1000 channels are digitized in parallel by four customDrain Cur-

rent Digitizer (DCD) ASICs. For a consistent response to transversing charged

particles during operation, homogeneous pedestal currents must be subtracted

for each pixel to obtain as much room as possible for analogue-to-digital con-

version of the signal current. �erefore, a narrow pedestal spread is achieved

by adding a 2-bit DAC o�set current to every pixel. �e o�set currents show

non-linear behaviour which is dependent on the hardware architecture and may

change during module operation in a harsh radiation environment in the inter-

action region. In this talk those e�ects are analyzed and the challenges they pose

to a good o�set calibration of PXD are discussed.

T 95.7 �u 17:45 T-H26
Characterizatoin of DEPFET Pixel Modules for PXD2 — ∙Larissa von

Jasienicki, Jannes Schmitz, Patrick Ahlburg, Georgios Giakoustidis,

Botho Paschen, Florian Bernlochner, and Jochen Dingfelder for the

Belle II-Collaboration — University of Bonn, Germany

�e SuperKEKB electron-positron collider in Japan has reached unprecedented

luminosities. �e Belle II experiment operating at the SuperKEKB collider is

equipped with a PiXel Detector (PXD) based on the Depleted P-channel Field

E�ect Transistor (DEPFET) technology, which serves as the innermost two lay-

ers of the VerteX Detector (VXD) of Belle II and was designed to cope with the

large particle rates.�e current PXD is, however, incomplete, since (mostly) only

the innermost of the two layers is installed. A new full-scale PXD (*PXD2*) is

currently being built and is expected to be installed in 2023(?).

�is talk highlights improvements in the lab characterization of individual

PXD2 modules. In particular, the biasing requirements of the sensors and in-

vestigations of the intrinsic properties like transconductance and gain of the

DEPFET sensor will be discussed.

T 95.8 �u 18:00 T-H26
Assembly and tests of the �rst TRISTAN detector modules— ∙Daniel Sieg-
mann for the KATRIN-Collaboration —Max-Planck Institute for Physics, Mu-

nich, Germany

�e TRISTAN (TRitium Invetigations of STerile to Active Neutrino mixing)

project aims to search for the signature of a keV sterile neutrino in the tritium

beta decay spectra by upgrading the detector system of the KATRIN experiment.

�is extension of the experiment will be performed a�er its neutrino mass sur-

vey.

To reach a high sensitivity to the sterile neutrino mixing angle the strong ac-

tivity of the KATRIN tritium source is required.�e resulting high electron rate

is one of the greatest challenges for the TRISTAN project. It will be approached

by distributing the rate among 3500 pixels, resulting in count rates of 100 kcps

per pixel. To resolve the kink-like signature of the keV sterile neutrino signal the

detector needs to maintain an excellent energy resolution of 300 eV (FWHM) at

20 keV and a low energy threshold.

�e TRISTAN detector is segmented into 21 identical modules, each hosting

166 independent pixel.�e development and tests of the �rst detector modules

will be presented in this talk.

�is work is supported by theMax Planck society and the TUMunich (“Chair

for Dark Matter, Susanne Mertens”).

T 96: Detector Systems 3
Time:�ursday 16:15–18:15 Location: T-H27

T 96.1 �u 16:15 T-H27
Status of the Mu3e tile detector — ∙Hannah Klingenmeyer for the Mu3e-
Collaboration — Kirchho�-Institut für Physik, Universität Heidelberg

�e aim of the Mu3e experiment is the search of the lepton-�avour violating

decay μ → eee down to a sensitivity of 10−16. It will be operated at the Paul
Scherrer Institute (PSI) in Switzerland and consists of dedicated tracking and

timing detectors, which will provide precise spatial and time measurements in

order to suppress any background mimicking the signal decay.

One of the timing systems is the Mu3e tile detector, which allows precise

timing of individual electrons with a resolution below 100 ps. It uses plas-

tic scintillator tiles and silicon photomultipliers that are read out by a custom-

designed ASIC, and is currently in the pre-production phase.�is talk will give

an overview of the current status and development of the tile detector, as well as

of the performance of individual detector components.�e tile matrix produc-

tion and quality assurance measurements will be discussed along with advance-

ments in the readout electronics, the cooling system, and the integration into the

full experiment. Furthermore, an outlook on the full detector production will be

given.

T 96.2 �u 16:30 T-H27
Simulation studies on the Mu3e tile detector - Time alignment & clustering
— ∙Erik Steinkamp and Maximilian Köper for the Mu3e-Collaboration —

Kirchho� Institute for Physics, Heidelberg University

�e Mu3e experiment aims to detect the charged lepton �avor violating decay

μ → eee with a target sensitivity of 10−16, improving the existing limit by four
orders of magnitude. A successful observation would be a strong indicator for

physics beyond the Standard Model. Precise timing information is needed to

correctly identify the vertices of the three decay electrons and to suppress back-

ground from internal conversion decays and combinatorics. �e tile detector,

which utilizes scintillator tiles and SiPMs, aims to provide this precise timemea-

surement of better than 100ps. To achieve this precision on the detector system

level, a time calibration scheme using di�erent event topologies to determine

time o�sets for every tile, is required. �e obtained single-tile timestamps are

clustered and matched to tracks from the tracking detectors. We present simu-

lation studies of the time calibration routine, as well as clustering and track-tile

matching.
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T 96.3 �u 16:45 T-H27
Irradiation studies for the Mu3e tile detector— ∙Tiancheng Zhong for the
Mu3e-Collaboration — Kirchho�-Institut für Physik, Universität Heidelberg,

Heidelberg, Germany

�eMu3e experiment is designed to search for the decay μ+→e+e+e− with a sen-
sitivity of 10

−16
, which would be a clear signal for new physics beyond the Stan-

dard Model. To reduce the combinatorial background from muon decays while

e�ciently identifying 3-electron �nal states, a scintillating-tile detector with a

required timing resolution < 100 ps and e�ciency close to 100% is under devel-

opment.

Irradiation damage and e�ects on Silicon Photomultiplier (SiPM) used in the

tile detector were investigated by exposing the sensors to the decay electrons

from stopped muons at the PiE5 beamline at PSI. For the SiPMs irradiated with

a dose up to 1.57 × 10
11
1 MeV neq/cm

2
, corresponding to 70% of the maxi-

mum dose of the Mu3e Phase I run, the dark current increased by a factor up

to 1000. We will report on the irradiation campaign performed, measurements

of dark current and impact on annealing at di�erent temperatures. �e timing

performance a�er irradiation was investigated in testbeam campaigns at DESY

and will also be discussed.

T 96.4 �u 17:00 T-H27
�e detector system for the Stopping Target Monitor of the Mu2e experi-
ment at Fermilab — ∙Anna Ferrari, Stefan E. Mueller, Oliver Knodel,

and Reuven Rachamin for the Mu2e-Collaboration — Helmholtz-Zentrum

Dresden-Rossendorf, Dresden, Germany

�e Mu2e experiment, which is currently under construction at the Fermi Na-

tional Accelerator Laboratory near Chicago, will search for the neutrinoless con-

version of muons to electrons in the �eld of an aluminum nucleus, with the aim

to reach a sensitivity four orders of magnitude better than previous experiments

. Observations of a signal would be an example of Charged Lepton Flavor Vio-

lation, which would require physics beyond the Standard Model.

In order to normalize the result, a stopping target monitor will measure the

number of stopped and captured muons in the aluminum target. �e detector

system includes a HPGe and a Lanthanum Bromide detector, which with di�er-

ent capabilities will measure x- and gamma-ray lines up to 1809 keV, in presence

of high rate Bremsstrahlung and other backgrounds. At the Helmholtz-Zentrum

Dresden-Rossendorf, we use the Bremsstrahlung photon beamline at the ELBE

radiation facility to study the detector system performance in the pulsed condi-

tions similar to that expected in Mu2e.

In the presentation, a�er an overview of the design and status of the Mu2e

experiment, the main results of the ELBE campaign will be presented and dis-

cussed.

T 96.5 �u 17:15 T-H27
Track reconstruction for the Mu3e experiment — ∙Alexandr Kozlinskiy
for the Mu3e-Collaboration — Institut für Kernphysik, Johannes Gutenberg-

Universität Mainz
�eMu3e experiment is designed to search for the lepton �avor violating decay
μ+ → e+e−e+. �e ultimate aim of the experiment is to reach a branching ra-
tio sensitivity of 10

−16
. �e experiment is located at the Paul Scherrer Institute

(Switzerland) and an existing beam line providing 10
8
muons per second will

allow to reach a sensitivity of a few 10
−15
in the �rst phase of the experiment.

�e muons with a momentum of about 28 MeV/c are stopped and decay at rest

on a target. �e decay products (positrons and electrons) with energies below

53 MeV are measured by a tracking detector consisting of two double layers of

50 μm thin high-voltage monolithic active pixel sensors. �e high granularity
of pixel detector with a pixel size of 80×80 μm together with the small mate-
rial budget allows for a precise track reconstruction.�e track reconstruction is

based on 3-dimensional multiple scattering �t and uses special methods to re-

move incorrectly reconstructed tracks, which is made possible by high e�ciency

and low noise rate of the pixel detector. �is talk will present the details of the

track reconstruction including the methods that are used to reduce the number

of fake tracks.

T 96.6 �u 17:30 T-H27
Commissioning of the LHCb Scintillating Fibre Tracker— Sebastian Bach-
mann, Daniel Berninghoff, Xiaoxue Han, Blake Leverington, Ulrich

Uwer, and ∙LukasWitola—Universität Heidelberg, Heidelberg, Deutschland

�e LHCb detector underwent a major upgrade in the past years. �e modi�-

cations enable the detector to operate at an increased instantaneous luminosity

and to read out data at the LHC bunch crossing rate of 40MHz. �e new oper-

ating conditions required the replacement of the complete tracking system.�e

main tracking stations are replaced by the SciFi Tracker, a large high granular

scintillating �bre tracker readout by arrays of silicon photomultipliers (SiPMs).

A custom ASIC is used to digitise the SiPM signals at 40MHz. Further digital

electronics perform clustering and data-compression before the data is sent via

optical links to the DAQ system.

�e detector modules together with the readout electronics and all services are

mounted on so-called C-Frames. �e serial assembly and commissioning of

frames is in its last stages before the start of the LHC in early 2022. �e talk

will give an overview of the detector and present experiences from the serial

production and the latest commissioning results.

T 96.7 �u 17:45 T-H27
Alignment studies of the LHCb SciFi Tracker — ∙Nils Breer1 and Sophie
Hollitt

2
—

1
TU Dortmund, experimentelle Physik 5 —

2
TU Dortmund, ex-

perimentelle Physik 5

As part of the LHCb upgrade, the Scintillating Fibre Tracker (SciFi) will replace

the previous Outer and Inner Tracker detectors. It is crucial to understandwhich

constraints and which parts of the SciFi have the most impact on the alignment

quality.

In order to align the SciFi, several con�gurations of degrees of freedom and

alignment constraints are studied. Further analysis is used to search for possi-

ble weak modes and con�rm that the alignment con�guration produces stable

results. In this talk, we will present results from misalignment tests using the

current best con�guration.

T 96.8 �u 18:00 T-H27
Monitoring alignment performance for LHCb’s Scintillating Fibre Tracker—
Nils Breer and ∙Sophie Hollitt— Experimentelle Physik 5, TU Dortmund
During the LHC upgrade period, the LHCb experiment has replaced the ma-

jority of its subdetectors and extensively upgraded its trigger system. Before the

physics data collection period late in 2022, careful commissioning of the full sys-

tem is required. �e Scintillating Fibre Tracker (SciFi) is the �rst detector a�er

the LHCb magnet, and its alignment will be crucial for the �nal mass and mo-

mentum resolution of the upgraded experiment.

In this talk, we discuss how misalignment e�ects in the SciFi detector can be

monitored via tracking and physics performance, and give an overview of the

alignment and calibration procedures for the commissioning period of the de-

tector.

T 97: Electronics 1
Time:�ursday 16:15–18:00 Location: T-H28

T 97.1 �u 16:15 T-H28
Instrumentation of a GEM-Based Neutron Detector — ∙Laura Rodríguez
Gómez

1
, Saime Gürbüz

1
, Jochen Kaminski

1
, Markus Köhli

2
, Michael

Lupberger
1
, Divya Pal

1
, and Klaus Desch

1
—

1
Universität Bonn —

2
Universität Heidelberg

�e VMM chip, originally developed for the ATLAS New Small Wheel Upgrade,

was implemented in the multi-purpose readout system of the RD51 collabora-

tion over the last years. Within this so-called Scalable Readout System (SRS) the

frontend board is called VMM hybrid as it holds two frontend chips as well as

an FPGA and other electronic components to handle data and powering. �is

system provides a complete readout chain for a large variety of particle detectors.

For the developement of a multilayer Gas Electron Multiplier (GEM) - based

neutron detector, a larger system of hybrids is planned, set up and tested. �is

includes not only the high voltage protection of the readout electronics and the

power stability of all hybrids, but also the design of a cooling system and a me-

chanical suspension.

�e detector concept, VMM hybrid test results and measurements with a test

layer are presented. �e application of VMM hybrids and GEMs in multilayer

neutron detectors as a technology transfer is discussed.

T 97.2 �u 16:30 T-H28
Development of a DC-DC converter for powering the Mu3e detector —
∙Sophie Gagneur for the Mu3e-Collaboration — Institut für Kernphysik, JGU
Mainz
�eMu3e experiment under construction at the Paul Scherrer Institute, Switzer-

land, aims to search for the lepton �avour violating decay of amuon into one elec-

tron and two positrons with an ultimate sensitivity of one in 10
16
muon decays.

�e Mu3e detector consists of a tracker based on High-Voltage Monolithic Ac-

tive Pixel Sensors (HV-MAPS) combined with scintillating tile and �bre timing

detectors.�e detector ASICs need a supply voltage of around 2V.�is voltage is

generated from the 20V external supply voltage via switching DC-DC convert-

ers. �ese buck converters must be able to operate within a magnetic �eld and
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provide a constant output voltage with a ripple of less than 10mV to guarantee a

proper operation of the pixel sensors and timing detectors. �e second version

of the Mu3e DC-DC converter has been designed, produced and already tested

successfully in the laboratory, implementing features such as a secondary output

�lter and a temperature interlock for the pixel sensors. �e �nal version is cur-

rently being designed and integrated into the experiment to be used during the

upcoming commissioning runs.

T 97.3 �u 16:45 T-H28
Powering Scheme of the Tracking Detector of the P2 Experiment at MESA—
∙Lars SteffenWeinstock— PRISMA+ Cluster of Excellence and Institute of

Nuclear Physics, Johannes Gutenberg University Mainz

P2 is a precision experiment planned for theMainz Energy recovering Supercon-

ducting Accelerator (MESA) currently under construction. �e goal of P2 is to

determine the electroweakmixing angle at low energy scales with unprecedented

precision by measuring the parity violating asymmetry in proton-electron scat-

tering at low momentum transfer. A key parameter for the analysis, the elec-

tronmomentum transfer during scattering, is measured by the P2 tracker, which

is placed inside the 0.6 T solenoid spectrometer. �e tracker consists of eight

identical modules utilising a total of 4320 novel High Voltage Monolithic Ac-

tive Pixel Sensors (HV-MAPS) for precise track reconstruction. With each HV-

MAPS drawing about 1W the tracker front-end requires more than 5kW of

power, which is supplied to the tracker using a remote-sense technique. �is

talk presents the current state of the powering scheme of the P2 tracking detec-

tor, key design parameters, and technical details of the implementation including

�rst test measurements.

T 97.4 �u 17:00 T-H28
A Simulation Framework to Optimize Signal Processing for Particle Detec-
tors— ∙Florian Rössing1, André Zambanini1, Christian Grewing

1
, and

Stefan vanWaasen
1,2
—

1
ZEA-2, Forschungszentrum Jülich GmbH—

2
NTS,

University of Duisburg-Essen

Particle Detectors evolve to ever higher performance, both in terms of sensitiv-

ity and channel density. �is increases the amount of data to be handled. As

transmitting this raw data is o�en not a viable option, data reduction has to be

employed. To achieve this, the individual channel signals are converted, and the

data is processed close to the sensor, extracting observable parameters of the

signal. Recent developments o�en rely on low-level, analog blocks and simple

digitizers as signal converters, which are tailored to the speci�c sensor used in

the detector. �is limits reusability, making a repeated design e�ort necessary.

�e design of generic readout electronics based on digital data processing could

overcome this issue. In a pursuit to build such a generic detector readout, part of

the necessary work is the design of a single channel signal conversion and data

handling, both to be used for a wide range of detectors with di�erent sensors.

For this, MatLab and Simulink are used to study and evaluate signal and data

processing chains. �is includes shaping, di�erent digitization approaches (e.g.

TDC, ADC) and data processing algorithms.�is contribution will describe the

models used as input signals for simulations, the architecture of the simulation

so�ware, and introduce �rst algorithm implementations.

T 97.5 �u 17:15 T-H28
FPC design and prototype for the ATLAS High Granularity Timing De-
tector Demonstrator — ∙Maria de la Soledad Robles Manzano

1
, Pe-

ter Bernhard
2
, Andrea Brogna

2
, Atila Kurt

2
, Karl-Heinz Geib

1
, Lucia

Masetti
1
, Binh Pham

2
, Steffen Schoenfelder

2
, and QuirinWeitzel

2
—

1
Institut für Physik, Johannes-Gütenberg Universität Mainz —

2
PRISMA

+
De-

tector Lab, Johannes-Gütenberg Universität Mainz

�e ATLAS detector requires upgrades to face the challenges of the new HL-

LHC, mainly the increase of pile-up interactions.�e High-Granularity Timing

Detector (HGTD) will be built in order to mitigate the e�ects of pile-up in the

ATLAS forward region, providing a time resolution of about 30 ps per track.�e

active area consists of 2-double-sided disks per end-cap.�e HGTD basic unit,

so-called module, is made up of two 2x2 cm
2
Low Gain Avalanche Detectors

bump-bonded to two ASICs and glued to a �exible PCB.�e modules are con-

nected to the Peripheral Electronics Boards, surrounding the active area, via a

Flexible Printed Circuit (Flex tail) that serves as interconnection for power, com-

munication signals andHV bias. As part of theHGTDR&Dphase, a demonstra-

tor is proposed to test the functionality and assembly of a subset of components

of the full detector.�e design and tests of a Flex tail prototype in the context of

an overall description of the demonstrator activities are presented.

T 97.6 �u 17:30 T-H28
Prototyping Serial Powering with RD53A — Klaus Desch, Matthias

Hamer, ∙Florian Hinterkeuser, Fabian Hügging, Hans Krüger, Char-
lotte Perry, and Lars Schall— Physikalisches Institut, Universität Bonn

�e high luminosity upgrade for the Large Hadron Collider at CERN requires a

complete redesign of the current inner detectors of ATLAS and CMS.�ese new

inner detectors will consist of all-silicon tracking detectors. A serial powering

scheme has been chosen as baseline for the pixel detector to cope with the higher

number of modules and the higher power consumption of the new front-end

chip, spatial constraints and the need to minimize the tracker’s material budget.

�is new powering scheme provides challenges for the electrical andmechanical

design. In order to verify this new powering scheme and its implications on the

detector integration, e�orts have been ongoing to set up a prototype for serial

powering using modules based on the RD53A chip, a half-size prototype for the

new Pixel front-end chip, developed by the RD53 collaboration. In particular, a

serial powering stave consisting of up to 8 RD53A quad chip modules has been

set up in Bonn.�e results from the activities with RD53A chips are presented.

Emphasis is put on the electrical characterization of an RD53A serial powering

chain, using representative services and power supplies.�e setup, measurement

goals and characterization of the serial powering chain will be discussed.

T 97.7 �u 17:45 T-H28
Test Results of the New ASD Chips for Phase-II Upgrade of the ATLASMDT
Chambers at HL-LHC — ∙Katrin Penski, Otmar Biebel, Stefanie Götz,
Vitaliy Havrylenko, Ralf Hertenberger, Christoph Jagfeld, Maxim-

ilian Rinnagel, Chrysostomos Valderanis, and Fabian Vogel — LMU

München
�e Phase-II Upgrade of the ATLASMuon Spectrometer to theHigh Luminosity

LHC (HL-LHC) requires an e�cient trigger and readout system for the Moni-

tored Dri� Tube (MDT) chambers. For this purpose, new front-end electron-

ics have been developed including an 8-channel ampli�er shaper discriminator

(ASD) chip built in 130 nm GF CMOS technology. Using pre-production chips,

this presentation discusses the overall performance of these chips as well as the

dependence on programmable parameters. Moreover, the uniformity between

preproduction chips and the �rst batch of production chips is shown.�ese test

results are used to de�ne the acceptance criteria for the series testing which is

planned for winter 2021. For this series testing a new tester is necessary. Its

behavior is studied by retesting all chips with this tester and comparing the cor-

responding results with those of the previous tester.

T 98: Experimental Methods (general) 4
Time:�ursday 16:15–18:05 Location: T-H29

Group Report T 98.1 �u 16:15 T-H29
High-D: F&E für hochsegmentierte mehrdimensionale Detektoren für zu-
kün�ige Experimente— ∙Erika Garutti für die High-D-Kollaboration — U
Hamburg

Zukün�ige Experimente für Higgs-Präzisionsmessungen, die Suche nach Physik

über das Standardmodell hinaus, sowie für die Untersuchung des Quark-Gluon-

Plasmas und die Erforschung des QCD-Phasendiagramms, verlangen eine neue

Generation von Hochpräzisionsdetektoren mit beispielloser räumlicher, zeitli-

cher und energetischer Au�ösung. Die Anforderungen an solche 5-dimensionale

(5D) Messungen können nur durch die Kombination von Detektoren mit ex-

tremer Granularität und neuartigen Rekonstruktionsmethoden erreicht werden.

Eine höhere Segmentierungwird durch neu zu entwickelndemikroelektronische

Technologien, Halbleiterdesigns, Segmentierungskonzepte und Ausleseelektro-

nik möglich werden. Diese Forschung auf der Detektorseite muß von neuarti-

gen Algorithmen begleitet werden, die die bereitgestellte 5D-Information e�ek-

tiv nutzt. Sie geht darin weit über einen einzelnen Detektor hinaus, indem sich

alle Komponenten von einem Detektorsystem ergänzen, um eine optimale Re-

konstruktionspräzision zu gewährleisten. High-D ist ein neuer vom BMBF ge-

förderter Verbund, in dem die Gemeinscha�en der Elementarteilchen-, Kern-

undHadronenphysik erstmaligmiteinander gemeinsam an der Entwicklung ver-

schiedener grundlegender Technologien zu solchen 5D-Detektoren zusammen-

arbeiten. Der Vortrag gibt einenÜberblick über die geplanten Arbeiten und Pro-

jekte.

T 98.2 �u 16:35 T-H29
�e characterisation of non collisions background events in the ATLAS de-
tector during Run-2 data taking. — ∙Sergio Grancagnolo — Humboldt-
Universität, Berlin, Germany

Understanding events from proton interactions with residual gas in the beam

pipe, with collimators, or from cosmic rays is of primary importance to identify
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potential risk of damage to the accelerator and experiments. In addition, these

events represent one of the main background on non-conventional physics sig-

natures based on tracks not pointing to the interaction point, out-of-time energy

deposits, or displaced decay vertices might come from signals released by long-

living heavy particles.�e characteristics of these non-collision backgrounds are

illustrated in detail in order to identify, estimate and reject them by using all the

ATLAS detector.

T 98.3 �u 16:50 T-H29
BGNet: Aneural network for beambackgroundprediction for SuperKEKB—
∙Yannik Buch, Ariane Frey, and Benjamin Schwenker— II. Physikalisches

Institut, Georg-August-Universität Göttingen, Friedrich-Hund-Platz 1, 37077

Göttingen, Deutschland

In pursuit to understanding the observed CP-violation in our universe, the Belle

II detector investigates the b-sector by measuring the decays of the Υ(4S) res-
onance. �ese resonances are produced by the SuperKEKB accelerator at KEK

in Tsukuba, Japan. �e goal of SuperKEKB is to achieve an instantaneous lu-

minosity of 6.5 × 10
35
cm

−2
s
−1
. Currently, a luminosity of 5 × 10

34
cm

−2
s
−1
is

reached, showing that considerable improvements to the beam focusing and in-

creases of the ring currents are still necessary. A key component to achieve the

design luminosity is the nano beam scheme. At the same time, however, the Belle

II detector must not be damaged or its performance compromised by extensive

radiation and hit rates.

�e beam backgrounds at Belle II are mostly composed of storage back-

grounds, luminosity-based backgrounds and injection backgrounds of both

rings due to the top-up injection scheme. BGNet is trained to predict the over-

all hit rates and their composition in terms of background source for various

Belle II sub-detectors.�e input data for BGNet are 1Hz time series of variables

describing the state of the SuperKEKB accelerator. �is helps to monitor and

mitigate the beam backgrounds during future operation.

T 98.4 �u 17:05 T-H29
Low-background poly(ethylene naphthalate) as active structural material
for the LEGEND-200 0íββ experiment — ∙Felix Fischer for the PEN-
Collaboration —Max-Planck-Institut für Physik, München, Deutschland

Poly(ethylene naphthalate), PEN, is a widely used industrial polyester which in-

trinsically scintillates blue light and has very good mechanical properties, also

at cryogenic temperatures. �is makes PEN an ideal candidate for self-vetoing

structural materials in the close surrounding of ultra low background detectors

for the search of extremely rare events like 0íββ decay. �e process from pro-
curement of commercially available PEN pellets to an optically active low back-

ground support-structure to be used in the next generation 0íββ-decay search
experiment Legend-200 will be presented.

T 98.5 �u 17:20 T-H29
Setup for a ground parameter measurement for the radio detection at the
Pierre Auger Observatory* — ∙Jannis Pawlowsky for the Pierre Auger-

Collaboration — Bergische Universität Wuppertal, Gaußstraße 20, 42119 Wup-

pertal, Deutschland

�e Pierre Auger Observatory is the largest observatory in the world measuring

ultra high energy cosmic rays (UHECR). With the on-going AugerPrime up-

grade, the hybrid detection of the 27 Fluorescence Telescopes and 1660 Water

Cherenkov Detectors (WCD) is complemented by the Radio Detector (RD) on

top of each WCD.�e mounted antenna detects the radio emission of the air

shower.

�e reconstruction of the UHECR properties with radio signals is depen-

dent on environmental parameters like atmospheric (weather) conditions and

soil composition. �e ground conditions are especially important for inclined

air showers, where a non-negligible fraction of the radio signal is re�ected o�

ground prior to being measured by the antenna. Knowledge of the ground pa-

rameters, namely permittivity, ε, and conductivity, σ , is therefore essential for a
precise reconstruction.

�e usage of constant reference values for ε and σ is not applicable for the
extended RD grid. With an area of approximately 3000 km

2
it consists of many

di�erent soil types and has distinct weather conditions. In this talk we present a

campaign for a measurement of the di�erent soil types and a permanent stable

and cost e�cient setup in order to detect relative changes due to varying weather

conditions.

*Gefördert durch die BMBF Verbundforschung Astroteilchenphysik (Vorhaben
05A20PX1)

T 98.6 �u 17:35 T-H29
Rydberg Background reduction in KATRIN experiment using THz Radia-
tion* — ∙Shivani Ramachandran and Enrico Ellinger for the KATRIN-
Collaboration — Bergische Universitaet Wuppertal, Germany

One of the key requirement for theKATRIN experiment to reach its goal sensitiv-

ity in measuring the neutrino mass is minimal background. In order to achieve

this and eliminate some known contributors, several background suppression

methods have already been implemented. Presently the most prominent con-

tribution to the background in the measured signal are electrons produced by

thermal ionization of Rydberg atoms which originate from the walls of the main

spectrometer.

A plausible method is using THz and microwave radiation which can lead

to a reduced lifetime of Rydberg atoms and allow for dedicated stimulated de-

excitation. �e in�uence of THz light source in the main spectrometer along

with the state and spatial evolution of the Rydberg atoms is studied via simu-

lations. �e transition and ionization rates due a light source depend mainly

on its frequency, intensity and spectral width. A range of frequencies in the

THz regime with di�erent intensities are tested for background reduction. In-

�uence of currently available broadband and narrowband THz sources are also

studied. �e results show important parameters namely the radiative power,

frequency range and number of sources required for e�ective background re-

duction with this method. *Gefördert durch die BMBF-Verbundforschung As-

troteilchenphysik

T 98.7 �u 17:50 T-H29
Geometry Calibration of IceCube - A new Likelihood-based Multilatera-
tion Approach — ∙Saskia Philippen, Christoph Günther, and Christo-
pherWiebusch for the IceCube-Collaboration — RWTH Aachen University -

Physics Institute III B, Aachen, Germany

�e IceCube Neutrino Observatory consists of 5160 Digital Optical Modules

(DOMs), attached to 86 cable strings, which are embedded in the Antarctic ice in

a depth between 1.5 to 2.5 kilometers. �e reconstruction of neutrino events is

based on the arrival times of Cherenkov light at the position of theseDOMs. Cur-

rently, these positions are only known with a precision of about one meter, be-

cause of the uncertainty during the hole drilling process. For several calibration

purposes IceCube has produced data-sets in which �ashes from LEDs installed

inside the DOMs are detected by the surrounding DOMs. �e transit times of

these signals can be converted into distances between each pair of DOMs. We

have developed a multilateration algorithm which �ts the positions of all DOMs

to these distances in a global maximum-likelihood analysis.�e here presented

algorithm can be applied beyond IceCube also to the acoustic calibration systems

that are foreseen in the IceCube Upgrade and IceCube-Gen2.

T 99: Neutrino Astronomy 4
Time:�ursday 16:15–18:35 Location: T-H30

Group Report T 99.1 �u 16:15 T-H30
Status of the KM3NeT experiment and contributions from ECAP
— ∙Rodrigo Gracia-Ruiz for the ANTARES-KM3NET-ERLANGEN-

Collaboration — Erlangen Centre for Astroparticle Physics, Erlangen, Germany

�ere are exciting times ahead for neutrino physics and neutrino astronomy! De-

spite the pandemic the KM3NeT detectors keep growing at two locations in the

depth of theMediterranean Sea.�ey currently host a total of 18 detection units,

10 for the ORCA detector in France and 8 for the ARCA detector o� the coast of

Sicily, with a total of more than 10000 photomultiplier tubes in 324 optical mod-

ules. Further signi�cant extensions of the detector arrays are under way. �is

already enables sensitive investigations of GeV-scale atmospheric and TeV-to-

PeV-scale cosmic neutrinos during the ongoing commissioning phase. We will

report on the status of the KM3NeT detectors, �rst results on �avour oscillations,

and the contributions from the ECAP team to these scienti�c endeavours.

T 99.2 �u 16:35 T-H30
Studying optical water properties with atmospheric muon events in
KM3NeT/ORCA — ∙Martin Schneider for the ANTARES-KM3NET-

ERLANGEN-Collaboration — ECAP, Friedrich-Alexander-Universität

Erlangen-Nürnberg

KM3NeT-ORCA is an underwater neutrino detector featuring a dense con�gu-

ration of optical modules, designed for the detection of atmospheric neutrinos

down to the low-GeV energy regime. Located in a deep-sea environment, the

detector performance depends on the optical water properties. In this talk, a

study of the optical properties of the sea water surrounding the ORCA detector

is presented. For this, a sample of atmospheric muons is compared to sets of

Monte Carlo simulations obtained by varying the light attenuation length.
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T 99.3 �u 16:50 T-H30
Energy spectrum unfolding for Supernova burst neutrinos in JUNO —

∙Thilo Birkenfeld for the JUNO-Collaboration — RWTH Aachen University
Since the detection of neutrinos emitted by the supernova SN 1987A, no neutri-

nos from other supernovae have been observed to date. �e Jiangmen Under-

ground Neutrino Observatory (JUNO) will measure the neutrino burst from a

galactic supernova explosion. High statistics, a low detection threshold, and an

excellent energy resolution will strongly constrain the details of the neutrino-

driven supernova mechanism. JUNO will be sensitive to signals from all neu-

trino �avours via di�erent detection channels. �e reconstruction of their re-

spective energy spectra requires an e�ective event classi�cation, whose prelimi-

nary results will be presented in this talk. A subsequent bayesian-based energy

spectrum unfolding method for reconstructing the initial neutrino energy dis-

tribution will also be presented.

T 99.4 �u 17:05 T-H30
Constraining neutrino mass using black hole formation during supernova
neutrino emission — ∙George Parker and Michael Wurm — Johannes

Gutenberg Universität Mainz, Mainz, Germany

In this work, we study how neutrino emission from supernovae collapsing to

black holes could be used constrain the absolute neutrino mass. In the case

where a black hole forms during a core-collapse supernova, it would lead to a

sharp cut-o� in the neutrino �ux. An abrupt drop-o� in the neutrino emission

o�ers a clear-cut stage to look for neutrino time-of-�ight e�ects, allowing stricter

constraints to be set on the neutrino mass compared to previous estimates. We

focus on the possibility that supernova neutrinos are detected with the Jiang-

men Underground Neutrino Experiment (JUNO), a next-generation neutrino

experiment with enhanced �avour sensitivity, exceptional energy resolution and

high statistics. Using three-dimensional core-collapse supernova simulations,

the sensitivity of JUNO to the absolute neutrino mass is evaluated.

T 99.5 �u 17:20 T-H30
Studies on Solar Be7 Neutrino Measurements and Applications in
JUNO — ∙Sebastian Zwickel

1,2
, Lothar Oberauer

1
, Simon Csakli

1
,

Carsten Dittrich
1
, David Dörflinger

1
, Ulrike Fahrendholz

1
, Florian

Kübelbäck
1
, Matthias Mayer

1
, Vincent Rompel

1
, Luca Schweizer

1
,

Konstantin Schweizer
1
, Korbinian Stangler

1
, and Raphael Stock

1
for

the JUNO-Collaboration —
1
Technische Universität München —

2
Helmholtz

Zentrum Dresden Rossendorf
Besides its major physics goal, the determination of the neutrino mass ordering,

the upcoming Jiangmen Underground Neutrino Observatory (JUNO) will have

a rich physics program. One part of this are solar neutrinos, where JUNO ben-

e�ts the most from its large target mass of 20 kt liquid scintillator. In this talk

the results of studies on searching for periodic �ux variation, e.g. caused by solar

g-modes, in the solar (Be7) neutrino �ux, as well as the possible use of solar Be7

neutrinos for detector monitoring will be presented.

�is work is supported by the DFG research unit ”JUNO”, the DFG collabora-

tive research center 1258 ”NDM”, and the DFG Cluster of Excellence ”Origins.

T 99.6 �u 17:35 T-H30
First Comparison of Ballistic and Di�usive Propagation in Flares of Blazar
Jets - Implications for Neutrino Emission Models — ∙Marcel Schroller

1
,

JuliaBeckerTjus
1
, PatrickReichherzer

1,2
, andMarioHörbe

1,3
—

1
Ruhr-

Universität Bochum,�eoretische Physik IV —
2
IRFU, CEA, Université Paris-

Saclay —
3
Oxford Astrophysics, University of Oxford

Active galactic nuclei (AGN), and the accompanied jets, are some of the most

luminous objects in the observable Universe. Both the active cores and their jets

are candidates for the engine of cosmic rays, gamma rays, and neutrinos with the

highest energies measured at Earth. In 2017, IceCube recorded an extragalactic

high energy neutrino event with a strong hint of a directional coincidence with

the position of a known jetted AGN TXS0506+056. A deep understanding of

the processes related to jets will fuel the �eld of high energy cosmic rays, funda-

mental plasma, astro, and particle physics.�e physical and mathematical mod-

elling of an AGN jet is challenging, with ambiguous signatures that need to be

understood by numerical simulations of cosmic ray transport and interactions.

Based on the work of Hoerbe et al. (MNRAS 2020), a simulation framework for

hadronic constituents and their interactions inside of a plasmoid, propagating

along the AGN jet axis, was made. For this talk, we tested several state-of-the-art

simulation setups from the literature in this �eld with our framework to analyse

the assumptions about propagation behaviour both ballistically and di�usively.

We present the results and point out, where those assumptions cannot hold in a

realistic setup.

T 99.7 �u 17:50 T-H30
A new code for the modeling of multimessenger �ares from blazars —
∙Leander Schlegel1,2, Marcel Schroller

1,2
, Mario Hörbe

1,2,3
, and Julia

BeckerTjus
1,2
—

1
�eoretische Physik IV, Ruhr Universität Bochum, Bochum,

Germany —
2
RAPP-Center at Ruhr Universität Bochum, Bochum, Germany —

3
University of Oxford, Oxford Astrophysics, Denys Wilkinson Building, Keble

Road, Oxford, OX1 3RH, United Kingdom

Since their discovery over a century ago, the origin of cosmic rays of the high-

est energies is still widely uncertain. While in the past much attention was paid

to analyzing steady state source models, bursting sources that appear in quies-

cent and �aring states, like the class of Active Galactic Nuclei (AGN) seem to

be a promising candidate for possible sources of ultra-high-energy cosmic rays

(UHECR).�e goal of this work is trying to understand the detailed behaviour

of bursting sources by simulating the time resolved propagation of a plasma blob

inside the jet of an AGN. For this purpose, a tool for cosmic-ray propagation in

relativistic plasmoids of AGN jets has been developed and implemented into the

open-source code CRPropa 3.1. With this framework, we will predict the multi-

messenger signatures of �aring sources, aiming to contribute to a more complete

picture of the UHECR sky including the bursting sources and therefore also to

a deeper understanding of the origin of the highest energetic charged particles.

First results of the �aring behaviour from relativistic plasmoids are being pre-

sented.

T 99.8 �u 18:05 T-H30
Investigation of the e�ect of elliptical orbits in supermassive binary black
holes at the example of the neutrino lightcurve of the blazar TXS0506+056
— ∙Johannes Just, Julia Becker Tjus, and Ilja Jaroschewski—�eoretis-

che Physik IV, Ruhr-Universität Bochum

IceCube detections from 2014/15 and 2017 show two possible high-energy neu-

trino correlations with the blazar TXS0506+056, making blazars promising can-

didates for high-energy neutrino emission. �ose neutrinos can be produced

in pp or pγ interactions of cosmic rays, making bazars possible sources of high
energy cosmic rays. Two separate detections might imply a periodicity of the

neutrino �ux from TXS0506+056 at Earth.

Such a periodicity can be explained by a precession of the heavier super mas-

sive black hole jet in a merger of a super massive binary black hole (SMBBH),

caused by a Spin-Flip of the Jet. Considering the post newtonian mechanics

up to the 2.5 order, the Spin-Flip-Phenomenon is described with the Spin (and

therefore the Jet) slowly aligning with the total angular momentum.

Assuming that TXS0506+056 is a SMBBH merger, this work predicts the up-

coming neutrino �ux as well as the observability of the emitted gravitational

waves with LISA, taking di�erent eccentricities of the SMBBHorbit into account.

Several eccentricities, leading to di�ering periodicities and shrinking timescales,

are discussed.

T 99.9 �u 18:20 T-H30
AnovelMachine Learning-approach for the detection of theDSNB— ∙David
Maksimović

1
, Michael Nieslony

2
, and Michael Wurm

3
—

1
Johannes

Gutenberg-Universität Mainz —
2
Johannes Gutenberg-Universität Mainz —

3
Johannes Gutenberg-Universität Mainz

�e Di�use Supernova Neutrino Background (DSNB) is the faint signal of all

core-collapse supernovae explosions on cosmic scales. A prime method for de-

tecting the DSNB is �nding its IBD signatures in Gadolinium-loaded large water

Cherenkov detectors like Super-Kamiokande(SK-GD).While the enhanced neu-

tron tagging capability of Gadolinium greatly reduces single-event backgrounds,

correlated events mimicking the IBD coincidence signature remain a potentially

harmful background. Especially in the low-energy range of the observation win-

dow, Neutral-Current (NC) interactions of atmospheric neutrinos dominate the

DSNB signal, which leads to an initial signal-to-background (S:B) ratio inside

the observation window of about 1:10.

Here, we report on a novel machine learning method based on Convolutional

Neural Networks (CNNs) that o�er the possibility for a direct classi�cation of

the PMT hit patterns of the prompt events. Based on the events generated in a

simpli�ed SK-GD-like detector setup, we �nd that a trained CNN can maintain

a signal e�ciency of 96 % while reducing the residual NC background to 2 %

of the original rate, corresponding to a �nal signal-to-background ratio of about

4:1.�is provides excellent conditions for a DSNB discovery.

�is work has been funded by the Excellence Cluster PRISMA+.
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T 100: Cosmic Ray 5
Time:�ursday 16:15–18:30 Location: T-H32

T 100.1 �u 16:15 T-H32
Low-Energy Cosmic Ray Composition with IceCube and IceTop — ∙Julian
Saffer for the IceCube-Collaboration — Institut für Experimentelle Teilchen-

physik, Karlsruher Institut für Technologie (KIT)

IceTop is the surface component of the IceCube Neutrino Observatory at the

geographic South Pole and dedicated to the indirect detection of cosmic rays

(CRs). Studying the primary CR spectrum and mass composition around the

knee requires a dedicated IceTop trigger for smaller air showers initiated by

lower-energy primaries as well as the combination of surface (predominantly

electromagnetic) and corresponding in-ice (muonic) signals. Monte-Carlo sim-

ulation data of air showers at IceCube ranging down to E0 = 10
5
GeV have been

used to train boosted decision trees for the reconstruction of shower core posi-

tion, zenith angle, primary energy and mass of the incoming CR particles.

�is talk presents the input features fed into the di�erent machine learning

models, the chosen model architectures and reconstruction results for four pri-

marymass types. Additionally, plans towards an enhancement of the reconstruc-

tion utilizing a set of convolutional neural networks are discussed.

T 100.2 �u 16:30 T-H32
Simulation Study of Atmospheric Muons with IceCube-Gen2— ∙Jonathan
Messner, Agnieszka Leszczynska, and Andreas Haungs for the IceCube-

Collaboration — Institute for Astroparticle Physics, Karlsruhe Institute of Tech-

nology (KIT), Karlsruhe, Germany

�e next generation of the IceCube Neutrino Observatory called IceCube-Gen2

will extend the detector’s capabilities in both, neutrino and cosmic-ray measure-

ments. In particular, the combination of the in-ice optical modules and the large

array of surface detectors will enhance the understanding of extensive air show-

ers and the studies of cosmic rays. Muons produced in air showers can deliver

relevant information not only about incoming cosmic rays but also about prop-

erties of the air showers. Conventional atmospheric muons are produced by de-

cays of pions and kaons, while prompt muons originate mainly from decay of

charmed and un�avoured mesons.�is prompt component is expected to dom-

inate the muon �ux at higher energies. Due to larger aperture for coincident

measurements, with surface and in-ice arrays, IceCube-Gen2 has the potential

to measure this prompt component in relation to the properties of parent cosmic

rays. In this contribution high energy muons, especially prompt muons, will be

studied based on air shower simulations in order to better understand the capa-

bilities of IceCube-Gen2.

T 100.3 �u 16:45 T-H32
Improving gamma-hadron separation for air showers at the IceCube Neu-
trino Observatory — ∙Federico Bontempo for the IceCube-Collaboration
— Institute for Astroparticle Physics, Karlsruhe Institute of Technology (KIT),

Karlsruhe, Germany

�e IceCube Neutrino Observatory is an experiment located at the geographic

South Pole. It is composed of two detectors: an optical array deep in the ice and

an array of ice-Cherenkov tanks at the surface called IceTop. �e combination

of the two detectors can be exploited for the study of cosmic rays. �e in-ice

detector measures the high-energy muonic component of air showers, whereas

the signal strength on IceTop is dominated by the electromagnetic component.

�e aim of this work is to discriminate between photon and hadron initiated air

showers. �is discrimination was already attempted using a machine learning

technique named Random Forest. Here, a di�erent approach is presented which

uses both Random Forests and deep learning techniques, in particular, super-

vised learning techniques that predicts unknown data a�er studying labeled data.

�e physics quantities used for this study are the charges measured by the in-ice

detector, the reconstructed zenith angle, the in-ice containment of the shower,

the reconstructed energy and a likelihood estimator that captures both the pres-

ence of individual muons and charge �uctuations in the surface array.

Furthermore, the planned enhancement of IceTop, comprised of surface ra-

dio antennas and scintillator panels, will contribute to the improvement of the

gamma-hadron separation.

T 100.4 �u 17:00 T-H32
Mass-sensitive parameter with the IceTop surface array— ∙Donghwa Kang
for the IceCube-Collaboration — Karlsruher Institut für Technologie (KIT)

IceTop, the surface component of the IceCubeNeutrinoObservatory at the South

Pole, measures the air showers of cosmic ray with energies from PeV up to EeV.

By means of the charge signal measurements only with the IceTop surface array,

a parameter sensitive to the muon content was de�ned and estimated event by

event. In this contribution, the estimated mass-sensitive parameter and its de-

pendencies on the hadronic interaction models will be presented. In addition,

the applicability of energy and mass composition reconstruction of cosmic rays

will be discussed.

T 100.5 �u 17:15 T-H32
Sensitivity of IceCube-Gen2 for High-Energy Cosmic Ray Anisotropy Stud-
ies— ∙WenjieHou and Donghwa Kang for the IceCube-Collaboration— In-

stitute for Astroparticle Physics, Karlsruhe Institute of Technology (KIT), Karl-

sruhe
At which energy the transition from galactic to extra-galactic cosmic rays (CRs)

takes place is one of the major unresolved issues of cosmic ray physics. Although

the sources of high-energy cosmic rays remain unknown, one expects to identify

them by studying the anisotropy in their arrival directions. Recently, the cosmic

ray anisotropy measurements in TeV to PeV energy range were updated from

IceCube using its nine years of data. IceCube-Gen2 is designed to have a de-

tector volume about 8 times larger than IceCube and will achieve an increased

exposure to cosmic rays by a factor of 30. �is improvement could allow us to

obtain high-quality measurements of cosmic ray air showers and investigate the

cosmic ray anisotropy with higher sensitivity.

�e sensitivity of IceCube-Gen2 to anisotropy is purely a matter of statistics.

Hence, based on the simulation of IceCube-Gen2, the �rst attempt is to make an

exposure map taking into account detection e�ciency and resolution. We will

build a Monte Carlo toy simulation model of IceCube-Gen2. In this case, the

expected maps will be generated with random events, resulting in the angular

power spectrum. Eventually, we can determine under what conditions IceCube-

Gen2 could achieve the highest sensitivity to observe cosmic ray anisotropy. In

this contribution, the current studies on the anisotropy with the simulation will

be discussed.

T 100.6 �u 17:30 T-H32
First results of the IceCube Surface Array Enhancement Prototype— ∙Marie

Oehler for the IceCube-Collaboration — KIT, Karlsruhe, Germany

�e IceCube Observatory is a cubic-kilometer neutrino detector installed in the

ice at the geographic South Pole. To increase the e�ciency of detecting astro-

physical neutrinos the upgrade IceCube-Gen2 is under development. To also

boost the sensitivity of the surface array, IceTop, an enhancement consisting of

a hybrid scintillation-detector and radio-antenna array is planned.

An optimized prototype station, consisting of eight scintillation detectors and

three radio antennas, was deployed in January 2020. Both, scintillation detec-

tors and radio antennas, are read out by a central hybrid data acquisition sys-

tem (DAQ). �e scintillation detectors transfer digitized integrated signals to

the DAQ to minimize the amount of transmitted data and trigger the radio an-

tennas.�e radio waveforms are transferred as analog signals to the central DAQ

and are digitized and read out, when triggered by the scintillation detectors. In

this contribution the �rst measurement results will be shown.

T 100.7 �u 17:45 T-H32
Measurements with the IceCube Surface Array Enhancement prototype —
∙HrvojeDujmovic for the IceCube-Collaboration— Institut für Astroteilchen-
physik, Karlsruher Institut für Technologie (KIT)

IceTop, the surface array of the IceCube Neutrino Observatory, currently con-

sists of 162 ice Cherenkov tanks distributed over an area of 1 km. IceTop is

used for cosmic-ray air shower detection and as a veto for the in-ice neutrino

detector. �e science case of IceTop will be greatly improved by complement-

ing the existing detectors with an array of radio antennas and scintillator panels.

�e enhancement array will cover the same footprint as IceTop and will consist

of 32 stations. One such station, consisting of 3 radio antennas and 8 scintil-

lator panels, was deployed at the South Pole in January 2020. In this talk, we

will present the measurements with the prototype station. �e results obtained

from the prototype station will help us better understand the full capabilities and

physics potential of the IceCube*s surface enhancement.

T 100.8 �u 18:00 T-H32
Status of the R&D and production of the scintillation detectors for the Sur-
face Array Enhancement — ∙Shefali Shefali for the IceCube-Collaboration
— Institut für Astroteilchenphysik, Karlsruher Institut für Technologie (KIT),

Karlsruhe, Germany

�e IceCube Neutrino Observatory is a cubic kilometer scale detector deployed

in the Antarctic ice and is involved in cosmic ray physics. �e surface array of

IceCube, IceTop, operates as a veto for the astrophysical neutrino searches and

calibration detector for the IceCube in-ice instrumentation. Despite its contri-

bution, the snow accumulation on top of these detectors results in an increased

energy uncertainty in the detected particles and consequently, the shower re-

construction. Moreover, the enhancement of IceTop will lead to a better mea-

surement of the extensive air showers and improve the astrophysics of the high-

energy cosmic-ray sky.

Enhancing IceTop with a hybrid array of scintillation detectors and radio an-

tennas will lower the energy threshold for air-shower measurements, provide

more e�cient veto capabilities, enable the separation of the electromagnetic and
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muonic shower components and improve the detector calibration by compen-

sating for snow accumulation. Following the success of the �rst complete proto-

type station consisting of three radio antennas and eight scintillation detectors

deployed at the South Pole in 2020, the R&D and production of detectors for a

total of 32 stations is ongoing. �e production challenges, deployment status,

and calibration methods of the scintillation detectors will be discussed in this

contribution.

T 100.9 �u 18:15 T-H32
An IceCube Surface Array Enhancement station for deployment at Telescope
Array — ∙Noah Goehlke for the IceCube-Collaboration — Institut für As-

troteilchenphysik, Karlsruher Institut für Technologie (KIT), Karlsruhe

�e IceTop array, located on the surface of the IceCube Neutrino Observatory,

will be enhanced with hybrid radio and scintillator stations. �e DAQ of each

station is housed in a FieldHub. In January 2020 a full prototype station was de-

ployed and is successfully operating and taking data. For the planned IceCube-

Gen2 facility, the DAQ of the surface array and the in-ice array will be combined,

using amodi�ed FieldHub.�e development of this FieldHub will be performed

by theUniversity of Utah, which is also contributing to the TelescopeArray (TA),

an air-shower detector array located in Utah.

By deploying a prototype station at TA, the Univerity of Utah is provided with

the preliminary hardware of the future surface array, which is needed to design

the new FieldHub. In addition, it can serve as a testing platform for IceCube-

Gen2 and it enables cross calibration with TA. Since the environment and in-

frastructure in Utah and the South Pole di�er signi�cantly, adjustments of the

prototype station are in development. As example, the detectors have to be able

to measure air-shower particles at much higher ambient temperature and hu-

midity levels as found at the South Pole.

In this contribution the adapted design of the prototype station as well as ex-

periments done to investigate the detectors behavior at higher temperatures will

be presented.

T 101: Cosmic Ray 6
Time:�ursday 16:15–18:30 Location: T-H33

T 101.1 �u 16:15 T-H33
Implications of turbulence dependent di�usion on Galactic cosmic ray —
∙Julien Dörner1,2, Patrick Reichherzer1,2,3, Julia Becker Tjus1,2, and
Horst Fichtner

1,2
—

1
�eoretische Physik IV, Ruhr University Bochum,

Bochum,Germany—
2
RAPP-Center at RuhrUniversity Bochum, Bochum,Ger-

many —
3
IRFU, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France

�e motion of Galactic cosmic rays is dominated by spatial di�usion.�erefore,

in order to describe their transport, a detailed knowledge of the di�usion tensor

κ̂ is necessary. �is tensor depends on the particle energy, the structure of the
local background �eld B⃗, and its turbulent component b⃗. Recent numerical anal-
yses of di�usion coe�cients in three-dimensional, isotropic turbulence show a

discrepancy between its energy scaling for intermediate turbulence levels b/B
and the corresponding quasi-linear prediction.

In this talk we report about probing di�erent models for the di�usion tensor

and its dependence on energy and turbulence level. We compare the results with

observations of the gradient in the cosmic-ray density and of the spectral energy

behavior in the Milky Way by Fermi-LAT.

T 101.2 �u 16:30 T-H33
Optimization of the Numerical Calculation of the Field Line Random Walk
Di�usion Tensor — ∙Jan-Niklas Bohnensack1, Patrick Reichherzer1,2,
Julia Becker Tjus

1,2
, Leander Schlegel

1,2
, and Julien Dörner

1,2
—

1
�eoretical Physics IV: Plasma-Astroparticle Physics, Faculty for Physics & As-

tronomy, Ruhr-Universität Bochum, D-44780 Bochum, Germany —
2
Ruhr As-

troparticle And Plasma Physics Center (RAPP Center), Bochum, Germany

�e goal of this talk is to calculate the Field Line Random Walk (FLRW) di�u-

sion coe�cient. FLRW is the random movement of the magnetic �eldlines in

a turbulent �eld, particles with low rigidities follow those lines and di�use ac-

cordingly.�e FLRW di�usion coe�cient only depends on the turbulence of the

magnetic �elds and is particle-energy independent.�at makes their calculation

more universal and computationally more e�cient. �erefore, the coe�cient is

of high relevance for providing astrophysical simulations for cosmic-ray trans-

port with a fundamental description of the di�usion tensor.�ese can be applied

in environments such as the Milky Way, but also relativistic plasmoids in jets of

active galaxies. To check the agreement of the �eldlines to the corresponding

particle trajectories, a GPU based visualization so�ware based on the so�ware

Vispy was developed in this bachelor thesis. With the optimized FLRW so�ware,

we will present �rst results and interpretations of the FLRW di�usion tensor for

di�erent turbulence levels. Furthermore, we will show examples of 3D plotted

�eldlines and particle trajectories with our visualization tool.

T 101.3 �u 16:45 T-H33
Proton event reconstruction with the MAGIC experiment — ∙Alicia Fat-
torini and Maximilian Noethe for the MAGIC-Collaboration — Astropar-

ticle Physics WG Elsässer, TU Dortmund University, Germany

Air showers induced by cosmic protons and heavier nuclei form the dominant

background for very high energy gamma-ray observations with Imaging Air

Cherenkov Telescopes. Even for strong very high energy gamma-ray sources

the signal-to-background ratio in the raw data is typically less than 1:5000, so a

very large statistic of cosmic proton and heavier nuclei induced events are avail-

able as a byproduct of gamma-ray source observations. In this contribution, we

present the reconstruction of the particle type of primary events and the en-

ergy reconstruction of the events classi�ed as protons. For this purpose, we used

a random forest method trained and tested by using Monte Carlo simulations

from the MAGIC telescopes, for energies above 70 GeV. We use the aict-tools

framework, which includes machine learning methods for the particle type clas-

si�cation and energy reconstruction.�e open-source Python project aict-tools

was developed at TUDortmundUniversity and its reconstruction tools are based

on scikit-learn predictors. Finally, an unfolding taking into account the back-

ground is performed to compensate for the typical bias of the random forest

results. Here we report on the performance of the proton event reconstruction

using the well-tested and robust random forest approach.

T 101.4 �u 17:00 T-H33
Search for heavy antimatter withAMS— ∙Robin Sonnabend—1. Physikalis-
ches Institut B, RWTH Aachen

�e Alpha Magnetic Spectrometer (AMS-02) on the International Space Station

has been performing precision measurements of cosmic rays in the GeV to TeV

energy range since 2011. �e search for heavy antimatter (Z>=2) requires ad-

vanced methods for the suppression of instrumental background which arises

from the mis-reconstruction of the charge sign. I will present a set of dedicated

multivariate estimators for di�erent event topologies designed to achieve this

goal.

T 101.5 �u 17:15 T-H33
Galactic gamma-ray and neutrino emission from interacting cosmic-ray
nuclei — ∙Mischa Breuhaus

1
, James Anthony Hinton

1
, Vikas Joshi

2
,

Brian Reville
1
, and Harm Schoorlemmer

1,3
—

1
Max-Planck-Institut für

Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany —
2
Friedrich-

Alexander-Universität Erlangen-Nürnberg, ECAP, Erwin-Rommel-Str. 1, D

91058 Erlangen, Germany —
3
IMAPP, Radboud University Nijmegen, Ni-

jmegen,�e Netherlands

We present a study of the expectations for very/ultra high energy (VHE/UHE)

gamma-ray and neutrino emission from interacting cosmic rays in our Galaxy

and a comparison to the latest results for the Galactic UHE di�use emission.

We demonstrate the importance of properly accounting for the mixed cosmic-

ray composition as well as gamma-ray absorption. We adopt the wounded-

nucleon model of nuclei interaction and provide parameterisations of the result-

ing gamma-ray and neutrino production. Nucleon shielding due to clustering

inside nuclei is shown to have a measurable e�ect on the production of gamma-

rays and is particularly evident close to breaks and cut-o�s inmixed composition

particle spectra.�e change in composition around the ‘knee’ in the cosmic ray

spectrum has a noticeable impact on the di�use neutrino and gamma-ray emis-

sion spectra. We show that current and near-future detectors can probe these

di�erences in the key energy range from 10 TeV to 1 PeV, testing the paradigm

of the universality of the cosmic ray spectrum and composition throughout the

Galaxy.

T 101.6 �u 17:30 T-H33
Vacuum-Cherenkov radiation in UHE air showers: a way of probing Lorentz
violation — ∙Fabian Duenkel, Marcus Niechciol, and Markus Risse —

Center for Particle Physics Siegen, Experimentelle Astroteilchenphysik, Univer-

sität Siegen

In extensive air showers induced by ultra-high energy (UHE) cosmic rays, sec-

ondary electrons are expected to be produced at energies far above those acces-

sible by other means.�ose high energies can be used to search for new physics,

in particular we study the e�ects of isotropic, nonbirefringent Lorentz violation

in the photon sector. In the case of a photon velocity which is larger than the

maximum attainable velocity of standard Dirac fermions, vacuum-Cherenkov

radiation becomes possible, which can lead to signi�cant changes of the shower

development. Implementing this Lorentz-violating e�ect in air shower simula-

tions, we present �rst results on the impact on the shower development, speci�-
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cally on the average atmospheric depth of the shower maximum �Xmax and its
shower-to-shower �uctuations σ(Xmax).
�is work is supported by the Deutsche Forschungsgemeinscha� (DFG).

T 101.7 �u 17:45 T-H33
CoREAS simulation for the GRAND project — ∙Chao Zhang, Tim Huege,
Tanguy Pierog, Markus Roth, Andreas Haungs, Frank Schroeder, and

Ralph Engel — Institut fuer Astroteilchenphysik, Karlsruher Institut fuer

Technologie-Campus Nord, Post-fach 3640, 76021 Karlsruhe, Germany

�e GRAND project starts deploying antennas this year, which will give birth

to its �rst stage, GP300 with 300 antennas in the near future. A new version of

CORSIKA7 has been adapted and validated to simulate upward-going air show-

ers for radio detection which will be the main detection channel in this project.

A library of air showers is made with CoREAS by applying the best knowledge

of GRAND including the atmospheric model and magnetic �eld of the site. A

detailed analysis of the new patterns induced by inclined air showers leads to a

better understanding of the scenario of their radio emission from higher to lower

air density.

T 101.8 �u 18:00 T-H33
Di�ractive and radiative corrections to muon energy loss cross-sections —
∙Alexander Sandrock— Bergische Universität Wuppertal
High-energy muons can travel large distances before reaching underground de-

tectors, for example cosmic-ray detectors and neutrino telescopes.�e accurate

simulation of muon transport through matter is therefore especially important

for underground experiments. �e dominant energy loss processes are ioniza-

tion and at higher energies pair production, bremsstrahlung and inelastic inter-

action with nuclei. To reduce uncertainties in the simulation of muon transport,

the calculation of higher-order corrections to these cross-sections is necessary.

In this contribution, di�ractive and radiative corrections to the cross-sections of

bremsstrahlung and pair production are discussed.

T 101.9 �u 18:15 T-H33
Results from a Pilot Study on Measurement of Fragmentation of Interme-
diate Mass Nuclei with NA61/SHINE at CERN — ∙Neeraj Amin for the
NA61/SHINE-Collaboration— Institute for Astroparticle Physics, Karlsruhe In-

stitute of Technology, Karlsruhe, Germany

Cosmic-ray propagation in the Galaxy can be constrained by modeling the

secondary-to-primary cosmic-ray �ux ratios, like the Boron-to-Carbon �ux ra-

tio that reaches Earth. While these �uxes are currently measured with high

precision (<5%) by space-based detectors like AMS-02 and CALET, insu�cient

knowledge of nuclear fragmentation cross sections hinders the precision with

whichwe can constrain cosmic-ray propagation.�erefore, new laboratorymea-

surements of fragmentation cross-sections above 10 A GeV/c are needed.
In this talk, we report on the analysis of pilot data on fragmentation taken in

2018 with the NA61/SHINE experimental facility at CERN with
12
C projectiles

at a pbeam = 13.5AGeV/c.�emain aim of this pilot run was to demonstrate the
ability of NA61/SHINE to measure nuclear fragmentation cross sections in C+p

interactions. Two �xed targets, polyethylene (C2H4) and graphite were used to

achieve this. We present a preliminary measurement of Boron production in

C+p interactions including the contribution from the short-lived ‘ghost nucleus’
11
C.
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T 102.1 �u 16:15 T-H34
Sensitivity Study with �eia Detector — ∙Wei-Chieh Lee, Caren Hagner,

and BjörnWonsak— Institut für Experimentalphysik, Universität Hamburg,

22761 Hamburg, Germany

With new technologies exploiting the advantages of both the Cherenkov and

scintillation lights, a new type of neutrino detector,�eia, is able to determine

the direction and species of incoming particles while still having a good energy

resolution and low threshold. In consequence, Its ability to reach high levels of

background rejection would allow us to improve the precision in the measure-

ment of oscillation parameters when employed at a long baseline neutrino exper-

iment. For this, the realization of�eia is planned at the far site of DUNE, whose

near detector also provides information to further improve the measurement of

neutrino oscillation. In this experiment,�eia can have enough sensitivity to the

determination of mass hierarchy and CP phase of neutrino oscillation, the two

missing pieces of our knowledge in the topic. In order to simulate such exper-

iments, a so�ware tool called GLoBES is developed for describing the detector

properties and doing analysis easily, and is used in this sensitivity study.

T 102.2 �u 16:30 T-H34
On the road to �eia: current status of the Mainz WbLS test cell DISCO
— ∙Manuel Böhles

1
, Daniele Guffanti

1
, Hans Steiger

1,2
, and Michael

Wurm
1
—

1
Johannes Gutenberg-Universität Mainz, Staudinger Weg 7, 55124

Mainz, Germany —
2
Technische Universität München, James-Franck-Str. 1,

85748 Garching b. München, Germany

�e detection of neutrinos using water-based liquid scintillators (WbLS) is a

promising method in the �eld of detector development. Its strength lies in

combining high-resolution energy determination with a low energy threshold

through the use of scintillation light and in the directional reconstruction with

the help of Cherenkov radiation.�e spectrum of potential applications is broad,

ranging from long-baseline oscillation experiments to the measurement of low-

energy solar neutrinos.�e key point of this new technique is the discrimination

between scintillation and Cherenkov photons, which can be achieved by exploit-

ing the di�erent chromatic features, time behaviour and angular emission. In

order to characterise this innovative medium and to prove whether scintillation

and Cherenkov radiation can be distinguished, we have built a test cell equipped

with 16 ultrafast photomultipliers that will provide useful insights towards a new

generation of detectors. In addition, complementary ultrafast photodetection

systems (SiPM array, LAPPD) can be investigated in future studies.�is work is

supported by the BMBF Verbundprojekt 05H2018: R&D Detectors and Scintil-

lators.

T 102.3 �u 16:45 T-H34
Characterisationmeasurement of LAPPDs for í-detectors— ∙BenedictKai-
ser, Lukas Bieger, David Blum, Marc Breisch, Srijan Delampady, Jessi-

ca Eck, Gina Grünauer, Tobias Heinz, Frieder Kohler, Tobias Lachen-

maier, Axel Müller, Tobias Sterr, Alexander Tietzsch und Jan Züfle

—Universität Tübingen, Physikalisches Institut, Auf der Morgenstelle 14, 72076

Tübingen

Large Area Picosecond Photodetectors (LAPPDs) are novel photodetectors sui-

table for use in upcoming neutrino detection experiments. LAPPDs incorpo-

rate a square multi-alkali photocathode, a chevron pair of microchannel plates

(MCPs) for photoelectron multiplication and multiple anode strips for readout,

all in a hermitically sealed package.

�e design of the LAPPDs results in an unprecedented time resolution better

than 70 ps and a spatial resolution of 2.5mm and 0.8mm in x- and y-direction

respectively at uniform gains of 10
6
to 10

7
over a large active detector area of

more than 370 cm
2
.

Currently, we are commissioning a setup to test LAPPDs for their performan-

ce and key characteristics.�is talk will outline the working principle as well as

characteristics of an LAPPD and measurement results of the �rst LAPPD recei-

ved from the manufacturer will be discussed.

Group Report T 102.4 �u 17:00 T-H34
Neutrino mass determination with 163

Ho-loaded MMCs – the ECHo experi-
ment— ∙Arnulf Barth for the ECHo-Collaboration—Kirchho�-Institute for
Physics, Heidelberg University

�e Electron Capture in
163
Ho experiment, ECHo, is a running experiment for

the determination of the neutrino mass scale via the analysis of the end point re-

gion of the
163
Ho electron capture spectrum. In the �rst phase, ECHo-1k, about

60 MMC pixels enclosing
163
Ho ions for an activity of about 1 Bq per pixel have

been operated for several months. �e goal of this �rst phase is to reach a sen-

sitivity on the e�ective electron neutrino mass below 20 eV/c2 by the analysis
of a

163
Ho spectrum with more than 10

8
events. We discuss the characteriza-

tion of the single pixel performance and the stability over the measuring period.

Results from the analysis of the acquired data will be presented with focus on

data reduction e�ciency and on the procedures to obtain the �nal high statistics

spectrum. A preliminary analysis of the
163
Ho spectral shape will be described

and the expected sensitivity on the e�ective electron neutrino mass on the basis

of the properties of the presented spectrum will be discussed. In conclusion, we

will present how the performance obtained by the MMC arrays used during the

�rst phase of the ECHo experiment have led to the design of the MMC arrays

for the second phase, ECHo-100k. In this phase, about 12000 MMC pixels each

hosting
163
Ho for an activity of 10 Bq will be simultaneously operated thanks to

the microwave SQUID multiplexing readout. Operating these arrays for three

years will allow for reaching a sensitivity on the electron neutrino mass at the

1 eV/c2 level.
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T 102.5 �u 17:20 T-H34
From Temperature pulses to high statistic Ho-163 spectrum: Analysis Al-
gorithms for the ECHo Experiment — ∙Markus Griedel, Arnulf Barth,

Robert Hammann, Daniel Hengstler, Neven Kovac, Federica Man-

tegazzini, Andreas Fleischmann, and Loredana Gastaldo— Kirchho�-

Institute for Physics, Heidelberg University

�e goal of the Electron Capture in Ho-163 (ECHo) experiment is the deter-

mination of the e�ective electron neutrino mass by analysing the electron cap-

ture (EC) spectrum of Ho-163. �e ECHo experiment uses Metallic magnetic

calorimeters (MMCs) operating at millikelvin temperatures, in which the Ho-

163 has been implanted. In order to reliably infer the energy of Ho-163 events

and discard triggered noise or pile-up events, fast and robust analysis algorithms

are required. For this, algorithms based on �lters acting on the trigger time of

the events and on �lters using pulse shape information were developed. To con-

vert the measured temperature pulses into an energy spectrum, further steps are

takes, as corrections for temperature shi�s and energy calibration.

We describe the steps we took for the reduction of the data acquired during

the �rst phase of the ECHo experiment, ECHo-1k; as well as the process to build

a high statistic Ho-163 spectrum from data acquired with several single Ho-163

implanted MMCs.

T 102.6 �u 17:35 T-H34
From ECHo-1k to ECHo-100k: Optimisation of the high-resolution metal-
lic magnetic calorimeters with embedded 163Ho for the determination of
the electron neutrino mass — ∙Neven Kovac1, Federica Mantegazzini

1
,

Loredana Gastaldo
1
, Arnulf Barth

1
, Markus Griedel

1
, Andreas

Fleischmann
1
, Matthew Herbst

1
, Daniel Hengstler

1
, Andreas

Reifenberger
1
, Christian Enss

1
, Christoph Düllmann

2
, Holger

Dorrer
2
, Tom Kieck

3
, Nina Kneip

3
, and Klaus Wendt

3
—

1
Kirchho�-

Institut für Physik, Universität Heidelberg —
2
Department of Chemistry -

TRIGA Site, Johannes Gutenberg-Universität Mainz —
3
Institute of Physics,

Johannes Gutenberg-Universität Mainz

Large arrays of metallic magnetic calorimeters have been selected for the ECHo

experiment due to the excellent energy resolution, the fast response time and

the almost linear detector response which allows for a reliable energy calibra-

tion. Based on the performance achieved with the detector array developed for

the �rst phase of the ECHo experiment, ECHo-1k, the design of the ECHo-100k

arrays has been conceived. �is new design features an optimized single pixel

geometry, upgrade of the on-chip thermalisation layout and a high operational

�exibility. First wafers with ECHo-100k arrays have been fabricated and several

arrays have been fully characterized. We summarise the performance achieved

with the ECHo-1k and the newly developed ECHo-100k arrays in comparison

with the design performance. We discuss how these results are important for

achieving the goals de�ned for the ECHo-100k experiment.

T 102.7 �u 17:50 T-H34
�e MONUMENT Experiment; ordinary muon capture as a benchmark for
0íββ decay nuclear structure calculations — Elisabetta Bossio

1
, Eliza-

bethMondragon
1
, Stefan Schönert

1
, ∙Mario Schwarz

1
, and Christoph

Wiesinger
1,2
for the MONUMENT-Collaboration —

1
Physik-Department,

Technische Universität München, Garching—
2
Max-Planck-Institut für Physik,

München

Extracting particle physics properties from neutrinoless double-beta (0íββ) de-
cay requires a detailed understanding of the involved nuclear structures. Still,

modern calculations of the corresponding nuclear matrix elements (NMEs) dif-

fer by factors 2-3. �e high momentum transfer of Ordinary Muon Capture

(OMC) provides insight into highly excited states similar to those that contribute

virtually to 0íββ transitions. �e precise study of the γ’s following the OMC
process makes this a promising tool to validate NME calculations.�e MONU-

MENT collaboration is performing a series of explorative OMC measurements

involving typical ββ decay daughter isotopes such as 76Se and 136
Ba, as well as

other benchmark isotopes. In this talk the experiment carried out at the Paul

Scherrer Institute and �rst results from the beamtime in 2021 will be presented.

�is research is supported by the DFG Grant 448829699.

T 102.8 �u 18:05 T-H34
AntineutrinoMonitoring with LiquidOrganic Time Projection Chambers—
Johannes Bosse, Sarah Friedrich, Malte Göttsche, Helge Haveresch,

∙Thomas Radermacher, Stefan Roth, Georg Schwefer, and Hagen

Weigel—RWTHAachenUniversity - Physics Institute III B, Aachen, Germany

For the �rst few hundreds of years the dominant radioactivity of nuclear waste

comes from long-lived beta-decaying elements that are emitting antineutrinos

in the low-energy region below 5MeV. In a newly envisioned application for

nuclear monitoring purposes, we want to use these antineutrinos to monitor

the content of nuclear waste repositories. We are investigating a time projection

chamber �lled with an organic liquid aiming at full reconstruction of inverse

beta decay events. In the low energy region, the direction of the neutron in IBD

is strongly correlated to the direction of the incoming antineutrino. For this we

study to which extend the neutron direction can be reconstructed by its �rst few

elastic scatterings with the nuclei of the detector medium. �is talk gives an

overview on our project and the progress of our simulation studies.

T 102.9 �u 18:20 T-H34
Development of the comprehensive analysis tools for the Supernova neutrino
detectors— ∙VsevolodOrekhov andMichaelWurm— Institute of Physics

and Cluster of Excellence PRISMA+, JGU Mainz, Germany

A galactic Supernova explosion is a unique neutrino source: detecting the neu-

trinos from deep inside the star will help us understand both the physics of the

core collapse and properties of the neutrino themselves. If a SN neutrino burst

arrived at Earth today or in the near future, it would be detected by a variety of

ton to kiloton scale neutrino detectors based on di�erent technologies and tar-

get media. By combining the analysis of the possible explosion in multiple next

generation neutrino experiments, one could signi�cantly improve the precision

of determining the neutrino spectra parameters such as the mean energy and

spectral index. In this contribution it is shown what one could achieve by doing

a simultaneous �t of the energy spectra of JUNO, DUNE and IceCube-like de-

tectors assuming a common �avour-dependent neutrino signal. �is work was

supported by funds of the DFG.
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T 103.1 �u 16:15 T-H35
Status of tau appearance sensitivities and measurements with
KM3NeT/ORCA — ∙Nicole Geisselbrecht for the ANTARES-KM3NET-
ERLANGEN-Collaboration — Friedrich-Alexander-Universität Erlangen-

Nürnberg, ECAP

KM3NeT/ORCA is a water Cherenkov detector currently under construction in

the Mediterranean Sea.�e primary goals are the study of neutrino oscillations

and the determination of the neutrino mass ordering. One of the main physics

objectives in the early phase of ORCA is a measurement of the appearance of tau

neutrinos.

Tau neutrinos detected by ORCA are a pure product of neutrino oscillations

since ORCA is optimized for atmospheric neutrinos that are almost exclusively

produced as electron and muon neutrinos. Even though they can only be

measured indirectly as an excess of shower-like events compared to the non-

oscillation scenario, their detection will o�er valuable information.

One of the �rst requirements for this study is a reliable particle identi�cation

(PID).�erefore, existing PID algorithms need to be optimized with regard to

charged current tau neutrino interactions. �is talk will report about the �rst

e�orts and results using classical machine learning techniques based on boosted

decision trees

T 103.2 �u 16:30 T-H35
Neutrino decoherence e�ects with KM3NeT — ∙Nadja Lessing for

the ANTARES-KM3NET-ERLANGEN-Collaboration — Friedrich-Alexander-

Universität Erlangen-Nürnberg

Quantum decoherence of neutrino states is an e�ect that is proposed in di�er-

ent theories of quantum gravity. It is envisaged to emerge from interactions of

the neutrino as a quantum system with the environment and could modify the

probabilities of neutrino �avour oscillations in various ways. �erefore, neu-

trino telescopes such as KM3NeT, that are sensitive to di�erent �avours and to

oscillations in a wide range of neutrino energies, can ideally probe this e�ect.

ORCA and ARCA are water Cherenkov detectors that are currently under con-

struction by the KM3NeTCollaboration in theMediterranean Sea. While ARCA

is primarily designed to detect high energy cosmic neutrinos, ORCA aims at the

precise measurement of atmospheric neutrino oscillations.�is contribution re-

ports on the decoherence sensitivity for both detectors using a phenomenologi-

cal model in a three-family framework including matter e�ects. It is shown that,

considering di�erent energy dependencies of the phenomenon, either ORCA or

ARCA might be capable of improving current bounds on the strength of deco-

herence e�ects.
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T 103.3 �u 16:45 T-H35
GiBUU based neutrino interaction simulations in KM3NeT — ∙Johannes
Schumann for the ANTARES-KM3NET-ERLANGEN-Collaboration —

Friedrich-Alexander-Universität, Erlangen, Germany

�e characteristics of the primary neutrino interaction and the subsequent sec-

ondaries determine the reconstruction of the primary neutrino properties in

neutrino detection experiments. As part of the evaluation of the detector per-

formances, neutrino interactions are simulated via so-called neutrino genera-

tors. In order to reduce the computational complexity, these use di�erent ap-

proximations which in turn lead to systematic uncertainties on the science out-

put of the experiments. �e use of di�erent neutrino generators can there-

fore help to understand and reduce the systematic uncertainties associated with

the simulation of neutrino interactions. GiBUU is a generator that utilises the

Boltzmann-Uehling-Uhlenbeck equation in order to propagate the secondary

particles through the nucleus. �e KM3BUU so�ware package has been de-

veloped to adapt GiBUU simulations to the geometry and data format of the

KM3NeT neutrino telescope, which is under construction in the Mediterranean

Sea.�e current status of KM3BUU and �rst results obtained with this new so�-

ware package will be presented.

T 103.4 �u 17:00 T-H35
Modelling Seasonal Variations of AtmosphericMuonNeutrinos usingMCEq
— ∙JakobBöttcher, HannahErpenbeck, Philipp Fürst, andChristopher
Wiebusch for the IceCube-Collaboration— RWTHAachen, III. Physikalisches

Institut b
�e IceCubeNeutrinoObservatorymeasures the �ux of atmosphericmuon neu-

trinos with unprecedented statistics. �ese muon neutrinos are produced in

cosmic-ray air-showers in the atmosphere, and their �ux depends on meteo-

rological quantities such as air temperature and density. �e analysis of the

resulting seasonal variations improves the understanding of the production of

atmospheric neutrinos and provides a novel method for testing hadronic inter-

action models for air-showers. �is talk compares the results of analysing four

years of IceCube neutrino data to predictions using the numeric cascade equa-

tion solver MCEq.�e predictions are based on detailed daily calculations of the

atmospheric neutrino �ux. �ese use latitude and longitude dependent vertical

temperature pro�les of the atmosphere as provided by the AIRS instrument on

NASA’s Aqua satellite.

T 103.5 �u 17:15 T-H35
Neutrino oscillation sensitivity studieswith IceCubeUpgrade— ∙MartinHa

Minh for the IceCube-Collaboration — Technische Universität München
IceCube is a kiloton-scale neutrino telescope embedded in the Antarctic ice of

the South-Pole and it’s equipped with over 5000 optical modules. IceCube has

delivered world-leading measurements on the neutrino oscillation parameters

and plans to further constrain the parameter space with the IceCube Upgrade.

�e IceCube Upgrade is an augmentation of the detector consisting of 7 detector

additional detector strings with new optionalmodules to improve the directional

resolution and lower the energy threshold of particle detection. �e construc-

tion of this extension will be started in the coming years. In the past, sensitiv-

ity curves on the oscillation parameters were based on assumptions of how we

expect future event reconstruction resolutions, as we did not have a fully op-

erational algorithms at that time. Now however we developed a Graph Neural

Network-based reconstruction algorithm, which allows us tomakemore realistic

predictions about the oscillation analysis performance. In this work we present

projections on the sensitivity of the IceCube Upgrade on neutrino oscillation pa-

rameters, such as the mixing angle θ23, the squared mass di�erencem
2
23, and the

ratio of expected and recorded íτ �ux.

T 103.6 �u 17:30 T-H35
Precision self-monitoring calibration module for the IceCube Upgrade —
∙Tobias Andreas Pertl and Felix Henningsen — Technische Universität

München
�e IceCube observatory is a large-volume neutrino observatory at the geo-

graphic South Pole. �e IceCube Upgrade aims to improve the low-energy and

oscillation physics sensitivities as well as re-calibrate the existing detector. �is

upgrade consists of seven new densely instrumented strings with various di�er-

ent optical and calibrationmodules. A novel type of precision optical calibration

module – or POCAM – for large-volume detectors has been developed and will

be deployed as part of the IceCubeUpgrade. We report on the design, calibration

and production status.

T 103.7 �u 17:45 T-H35
Optimization of selection cuts for the directional analysis of sub-MeV solar
neutrinos in Borexino— ∙AntoniaWessel

1,3
, AlexandreGöttel

2,3
, Sind-

hujha Kumaran
2,3
, Livia Ludhova

2,3
, Luca Pelicci

2,3
, Ömer Penek

2,3
, and

Apeksha Singhal
2,3
—

1
GSI Helmholtzcentre for Heavy Ion Research, Darm-

stadt, Germany—
2
Forschungszentrum Jülich GmbH, Nuclear Physics Institute

IKP-2, Jülich, Germany —
3
III. Physikalisches Institut B, RWTH Aachen Uni-

versity, Aachen, Germany

Borexino, a liquid scintillator (LS) detector at the Gran Sasso National Labora-

tory in Italy, has measured all solar neutrinos thanks to its low energy threshold,

high energy resolution, and unprecedented radio-purity. Although LS detec-

tors generally cannot obtain any directional information as opposed to Water

Cherenkov detectors, Borexino now achieved the �rst directional measurement

of sub-MeV solar neutrinos.�e method is based on the early Cherenkov pho-

tons which are emitted before the dominant scintillation light.�e �rst photons

of the events are then correlated to the Sun’s direction. �e resulting angles are

summed up to form an angular distribution, which is used to measure the to-

tal number of solar neutrinos in the selected energy region of interest. For this

analysis, high statistics and an excellent signal-to-background ratio are neces-

sary.�ese criteria can only be met by optimizing the data selection cuts to �nd

the best combination of the �ducial volume and the de�nition of the energy in-

terval.�is talk will describe the strategy for the selection cut optimization and

present the resulting �ducial volume and energy region.

T 103.8 �u 18:00 T-H35
First directional detection of sub-MeV solar neutrinos in Borexino —
∙Johann Martyn for the Borexino-Collaboration — Johannes Gutenberg-

Universität Mainz
Borexino is a 280 t liquid scintillator detector at the Laboratori Nazionali del

Gran Sasso (LNGS), Italy. Its main goal is the precision spectroscopy of solar

neutrinos down to energies of 0.19MeV and for this task it features an unprece-

dented high radio-purity and a high light yield of ∼10000 scintillation photons
per 1MeV deposited energy.

In this talk we present the �rst measurement of sub-MeV solar neutrinos around

the
7
Be edge, using their associated Cherenkov photons in a liquid scintillation

detector. In Borexino electrons with E>0.16MeV produce Cherenkov photons
but the ratio of Cherenkov photons from the neutrino scattered electrons is es-

timated to be < 0.5% for all PMT hits, so a typical reconstruction of the event

direction is not possible. �erefore we look instead at the so called "Correlated

and Integrated Directionality" (CID), where the known position of the Sun is

correlated with the photon hit direction, given by the reconstructed event ver-

tex, and integrated over all selected events. In this way it is possible to measure

an angular distribution that shows the statistical contribution of Cherenkov pho-

tons from the neutrino recoil electrons. �e number of solar neutrinos is then

inferred from themeasured angle distribution with probability density functions

produced by the Geant4-based Borexino Monte Carlo simulation. �is work is

supported by the Cluster of Excellence No. 2118 PRISMA+, funded by the Ger-

man Research Foundation (DFG).

T 103.9 �u 18:15 T-H35
Analysis strategies used in directional analysis of sub-MeV solar neutrinos in
liquid scintillator detector— ∙Apeksha Singhal1,3, Alexandre Göttel1,3,
SindhujhaKumaran

1,3
, Livia Ludhova

1,3
, Luca Pelicci

1,3
, Ömer Penek

1,3
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and AntoniaWessel
2,3
—

1
Forschungszentrum Jülich GmbH, Nuclear Physics

Institute IKP-2, Jülich, Germany —
2
GSI Helmholtzcentre for Heavy Ion Re-

seach, Darmstadt, Germany —
3
III. Physikalisches Institut B, RWTH Aachen

University, Aachen, Germany

�e sub-MeV solar neutrinos are measured in a liquid scintillator detector via

their elastic scattering o� electrons, which induce isotropically emitted scintilla-

tion photons that are detected by PMTs. Borexino, located at the LNGS in Italy, is

liquid scintillator detector that performed real time spectroscopy of solar neutri-

nos from pp chain and CNO fusion cycle of the Sun. For �rst time, it is possible

with Borexino to disentangle sub-MeV solar neutrinos detected in liquid scin-

tillator using few Cherenkov photons emitted at early times, and in direction of

scattered electrons with given energy threshold. �e directional solar neutrino

signal is statistically discriminated from isotropic background events by corre-

lating well known position of the Sun and the direction of the �rst two time-of-

�ight subtracted hits of each event, with respect to the reconstructed vertex.�is

results in angular distribution of data, �tted with signal and background distri-

butions from Monte Carlo simulations. �is talk will describe analysis strategy

used to disentangle sub-MeV solar neutrino signal in data in a liquid scintillator

detector.�e future scope of this method will also be discussed.
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Group Report T 104.1 �u 16:15 T-H36
Status of the COSINUS Experiment at Gran Sasso — ∙Martin Stahlberg

for the COSINUS-Collaboration — Max-Planck-Institut für Physik, 80805

München
�e upcoming COSINUS experiment aims at clarifying the origin of the mod-

ulation signal reported by the DAMA-LIBRA collaboration since many years,

which is in strong contrast to null-results from other direct dark matter search

experiments. Construction of the COSINUS facility has started at Laboratori

Nazionali del Gran Sasso (LNGS) in 2021, and �rst results are expected in 2024.

COSINUS cryogenic NaI calorimeters will feature two-channel readout of heat

and scintillation signal, and recoil energy thresholds of only few keV.Wewill give

an overview on the status of the experimental setup, as well as outlook on the

physics reach, and present �rst results from remoTES prototype detector mea-

surements.

T 104.2 �u 16:35 T-H36
remoTES sensors: Development of a novel detector design for NaI cryo-
genic calorimeters for the COSINUS dark matter experiment — ∙Mukund

Bharadwaj for the COSINUS-Collaboration — Max Planck Institute for

Physics, Fohringer Ring 6, Munich, Germany - 80805

�e COSINUS experiment is an upcoming low-threshold, cryogenic experiment

being setup at the Laboratori Nazionali Del Gran Sasso, Italy. It aims to provide a

model independent cross-check of the DAMA/LIBRA claim of a potential dark-

matter like modulating signal, the result of which is contrary to data reported by

other direct dark matter experiments over the past few decades.

COSINUS utilizes a dual-channel readout system based on transition edge

sensors(TESs) that allows for particle discrimination. It consists of ultra-pure

scintillating sodium iodide (NaI) crystals enclosed by a silicon detector which

function as the phonon and light channels respectively.�e physical and chem-

ical properties of NaI prevent the direct deposition of a TES on it’s surface. In

order to overcome this, a new prototype detector design dubbed remoTES has
been developed. It utilizes a gold pad coupled to the absorber crystal as the pri-

mary interface to transmit the phonon signal to the TES, which is fabricated on

a separate wafer substrate.�e �rst preliminary results from above ground R&D

measurements are reported in this talk.

T 104.3 �u 16:50 T-H36
Operation of low threshold cryogenic calorimeters in a dry dilution refrigera-
tor in theCOSINUS experiment— ∙MoritzKellermann, Karl-HeinzAck-

ermann, Henrik Ansorge, Mukund Bharadwaj, Torsten Frank, Karo-

line Schäffner, Robert Stadler, Martin Stahlberg, and Vanessa Zema

—Max-Planck-Institut für Physik, Föhringer Ring 6, 80805 München

For 25 years the DAMA/LIBRA dark matter search measures an annually mod-

ulated signal, using sodium iodide (NaI)-scintillators at room temperature.�e

COSINUS experiment aims to give a model-independent cross-check of the

DAMA/LIBRA results by operating pureNaI absorber crystals as cryogenic scin-

tillating calorimeters at mK-temperatures.

COSINUS will be among the �rst experiments to operate low-threshold

calorimeters in a dry dilution refrigerator, being sensitive to temperature changes

on a micro-Kelvin level. A pulse tube cooler will be used to arrive at 3K, trad-

ing simpli�ed handling for an increased mechanical vibration noise level in the

acoustic frequency range. In order to maintain the thermal stability to operate

low-threshold calorimeters, it will be necessary to decouple the detectors from

possible noise sources. For COSINUS, a spring-based passive decoupling sys-

tem is planned and tested using piezo-based accelerometers at room tempera-

ture.�is talk will focus on the design and test results of the in-house developed

decoupling system.

T 104.4 �u 17:05 T-H36
Direct dark matter search with CRESST-III experiment — ∙Lucia Canon-
ica for the CRESST-Collaboration — Max-Planck-Institut für Physik, D-80805

München, Germany

CRESST (Cryogenic Rare Event Search with Superconducting�ermometers) is

a direct dark matter search experiment located at the Gran Sasso Underground

Laboratory (Italy) that uses scintillating cryogenic calorimeters as a target ma-

terial for elastic DM-nucleus scattering.

�e current phase of the experiment, CRESST-III, is optimized for low-energy

nuclear recoil detection. It has reached an unprecedented value of 30 eV for nu-

clear recoil energy thresholds on a CaWO4 target, allowing the exploration of

low-mass dark matter candidates down to 0.16 GeV/c
2
. At higher masses the

sensitivity is currently limited by a rising event rate (from threshold up to few

hundreds of eV) from a so-far unknown origin.

Currently dedicatedmeasurements with upgraded detectors (including di�er-

ent target materials) are being performed at the Gran Sasso Underground Lab-

oratory, with the goal of investigating and identifying the origin of the event

excess.

In this contribution, the current stage of the CRESST-III experiment, together

with the most recent dark matter results, will be presented.

T 104.5 �u 17:20 T-H36
Development of a Cryogenic Alpha Screening Facility at TUM— ∙Angelina
Kinast
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A precise measurement of the radio-purity levels of the CaWO4 crystals used

for Dark Matter search with the CRESST experiment and CEvNS measurements

with the NUCLEUS experiment is fundamental for a better background under-

standing.�e sensitivity of HPGe detectors is not su�cient tomeasure the excel-

lent radio-purity levels of the CaWO4 crystals produced in-house at the Technis-

cheUniversitätMünchen (TUM). I report on a cryogenic alpha-screening facility

developed at TUM, which is currently being commissioned, and will provide a

method to determine the radiopurity of our CaWO4 crystals by measuring the

alpha-decays with high precision in the unique experimental environment of the

shallow underground laboratory (UGL) at TUM.�e research was supported by

the DFG through the Excellence Cluster ORIGINS, the SFB1258 and the BMBF:

05A17WO4 and 05A17VTA.

T 104.6 �u 17:35 T-H36
Development of a new generation of beaker modules for CRESST— ∙Fiona
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�e CRESST experiment is leading the direct search for nuclear recoils induced

by light dark matter. �e CRESST "beaker modules", using a silicon beaker as

a light detector, provide a complete surface anti-coincidence veto. For the next

generation of beaker modules, the target and beaker sizes were scaled down in

order to further improve energy resolution, allowing background suppression

down to energy thresholds below 100 eV. A status update on the research and

development of the new generation of beaker modules at TUM is presented.�e

research was supported by the DFG through the Excellence Cluster ORIGINS

and the SFB1258, and the BMBF: 05A17WO4 and 05A17VTA.

T 104.7 �u 17:50 T-H36
Investigation of Production Techniques for Sputtered Tungsten �in Films
— ∙Tobias Ortmann1

, Andreas Erhart
1
, Margarita Kaznacheeva

1
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1
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Technische Universität München, Physik Department Lehrstuhl E15, James-

Franck-Straße 1, D-85748 Garching —
2
Max-Planck-Institut für Plasmaphysik,

Boltzmannstraße 2, D-85748 Garching bei München

Cryogenic rare event searches like the CRESST and the NUCLEUS experiments

use TES (Transition Edge Sensors) as phonon sensors to read out their target

crystals. �is type of sensors utilizes the superconducting phase transition of

tungsten tomeasure the energy deposited in the absorbers.�e most established

method of production for these �lms is electron beam physical vapor deposition.

For future large scale production the application of argon DC-magnetron sput-

tering is investigated in terms of �lm quality and reproducibility.�emost recent

results of these investigations are presented. �e research was supported by the

DFG through the Excellence Cluster ORIGINS and the SFB1258, and the BMBF:

05A17WO4 and 05A17VTA.
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T 105: Search for Dark Matter 6
Time:�ursday 16:15–18:45 Location: T-H37

T 105.1 �u 16:15 T-H37
�eMAgnetizedDisk andMirrorAxion eXperiment— ∙ChristophKrieger
for the MADMAX-Collaboration — Institut für Experimentalphysik, Univer-

sität Hamburg, Luruper Chaussee 149, 22761 Hamburg

�e axion is a viable and natural candidate for (cold) dark matter. �e mass

range for the discovery of axions, favored by some models, 40 to 400 μeV, can
be investigated using a dielectric haloscope. �e MAgentized Disc and Mirror
Axion eXperiment is the �rst axion haloscope based on this approach, utiliz-
ing the axion photon conversion at dielectric surfaces in a strong magnetic �eld.

By combining many surfaces, the conversion can be boosted signi�cantly using

constructive interference and resonances.

MADMAXwill feature a booster system consisting of up to 80 dielectric discs

with more than a meter diameter which can be precisely positioned at cryogenic

conditions and inside a 9T magnetic �eld created by a superconducting dipole

magnet with a large warm bore. To prototype this challenging apparatus, a scaled

down version (reduced number of discs with 300mm diameter) is in develop-

ment. It will be commissioned �rst at the Universität Hamburg in a dedicated

cryostat. It is planned to conduct a �rst axion-like particle search utilizing the

MORPURGO magnet at CERN.

In this presentation, the concept of MADMAX will be presented and an

overview will be given on the status and development of MADMAX and its pro-

totype.

T 105.2 �u 16:30 T-H37
Measurements of dielectric properties of single crystals of Lanthanum Alu-
minate (LaAlO3) and Sapphire (Al2O3) for the axion dark matter search
experiment, MADMAX — ∙Erdem Oez for the MADMAX-Collaboration —
RWTH, Aachen

�e magnetized disk and mirror axion (MADMAX) experiment will search for

axions as cold darkmatter candidate in the range of microwave frequencies from

10 to 100 GHz. Multiple parallel dielectric discs are planned to be used to boost

the axion generated RF signal by 3 orders of magnitude compared to a single

metal surface of the same area. Precise knowledge of the dielectric loss and the

dielectric constant of the discmaterials is crucial for understanding the predicted

axion signal. At these RF frequencies the measurement of low loss materials are

especially challenging. Here we present cryostatic measurements of LaAlO3 and

Al2O3which are the best candidatematerials forMADMAX.�emeasurements

were done in the 10 to 40 GHz range using a microwave resonator.

T 105.3 �u 16:45 T-H37
Dielectric Disk Production for the MADMAX — ∙Dominik Breitmoser —
Institut für Experimentalphysik, Universität Hamburg, Luruper Chaussee 149,

22761 Hamburg

�e MAgentized Disk andMirror Axion eXperiment (MADMAX) is an upcom-

ing experiment to search for dark matter axions in the unexplored mass range of

40-400 μeV.�e QCD axion is a solution to the strong CP problem and simul-
taneously an excellent cold dark matter candidate. In a strong magnetic �eld,

axion-induced photons would be emitted at dielectric interfaces. MADMAX

uses the dielectric haloscope approach to boost such a signal by combining up

to 80 dielectric disks with 1.25m diameter and precisely adjustment of the disk

distances.�e axion to photon conversion is enhanced through interference and

resonance e�ects.

To reach the required sensitivity the disks need a large dielectric constant

whilst having low dielectric losses. Experimental constraints demand a planarity

below 10 μm, surface roughness below 10 μm and a thickness of 1mm. A fa-
vorable material could be lanthanum aluminate. However the material is only

available in the size of 3" wafers.�us, the disks need to be produced from small

tiles which are glued together.�is talk presents the method of manufacturing a

prototype disk (⌀ 300mm), the studies for optimizing production parameters,
and explains the measurement system used for quality control.

T 105.4 �u 17:00 T-H37
Calibrating a Dielectric Haloscope — ∙Jacob Egge for the MADMAX-
Collaboration — Institut für Experimentalphysik, Universität Hamburg, Luru-

per Chaussee149, 22761 Hamburg

Dielectric haloscopes like theMAgnetized Disk andMirror Axion eXperiment
aim to detect axions, a dark matter candidate, from the galactic halo by reso-

nant conversion to photons in a strong magnetic �eld. A movable stack of paral-

lel dielectric disks can amplify the axion-photon conversion probability by sev-

eral orders of magnitude.�is ampli�cation depends on the spatial variation of

the axion, photon, and magnetic �eld. While the axion and magnetic �elds are

largely static and homogeneous, the frequency-dependent photon �eld inside

the dielectric stack and thus the overall ampli�cation is di�cult to characterize.

In this talk, a new calibration method based on non-resonant perturbation

theory is presented. It provides a promising way to experimentally constrain

the photon �eld inside the dielectric stack. By perturbing the position of each

dielectric disk and measuring the resulting change in re�ectivity, one can infer

the photon �eld con�guration at each dielectric interface.�is then allows com-

puting the ampli�ed axion-photon conversion probability independent of many

parameters like dielectric loss and disk geometry. �e validity and feasibility of

this method are demonstrated with FEM simulations and �rst measurements on

a 5 disks setup.

T 105.5 �u 17:15 T-H37
Investigating a symmetric booster setup forMADMAX’s dielectric haloscope
— ∙Lolian Shtembari for the MADMAX-Collaboration — Max Planck Insti-
tute for Physics, Munich, Germany

�e MADMAX experiment aims to directly detect galactic dark matter axions

using the axion-induced emission of electromagnetic waves from boundaries be-

tweenmaterials of di�erent dielectric constants placed in a strongmagnetic �eld.

Carefully spacing many dielectric disks, their combined emission can be signif-

icantly enhanced (boosted) using constructive interference and resonances. In

an attempt to reduce the complexity of the system and to gain an understanding

of the �exibility and frequency response of the booster, we investigate the perfor-

mance of a con�guration made up of repeating symmetric sections of dielectric

disks.

T 105.6 �u 17:30 T-H37
Loss mechanisms of the MADMAX minimal booster setup — ∙Antonios
Gardikiotis for the MADMAX-Collaboration — Institut für Experimental-

physik,Universität Hamburg, Luruper Chaussee 149, 22761 Hamburg

�e axion is a promising candidate to solve the strong CP problem in the SM of

particle physics. Its existence could also explain the observations in dark matter

(DM) problem. To date, no axions have been detected. An envisioned technique

for axion detection in the mass range of 40-400 μeV is the dielectric haloscope.
�e MADMAX (MAgentized Disc and Mirror Axion eXperiment) haloscope

employs axion conversion into photons on surfaces within a strong magnetic

�eld.

MADMAX uses a booster system consisting of multiple dielectric discs in

front of a metal mirror to enhance the tiny axion converted power. Di�erent

booster setups have been built to examine the mechanical feasibility and electro-

magnetic behaviour. Project200 is a proof of principle setup with only one disc

in front of a mirror.�is simpli�ed version of the MADMAX booster setup can

compare basic radio frequency measurements with corresponding simulations.

In this presentation, the study of disc �atness, tilts of the disks and the an-

tenna properties on a minimal setup that can help to better understand the loss

mechanisms of the MADMAX booster setup will be discussed.

T 105.7 �u 17:45 T-H37
Piezoelectric driven dielectric discs for theMADMAXhaloscope— ∙Dagmar
Kreikemeyer-Lorenzo for theMADMAX-Collaboration—Max Planck Insti-

tute for Physics, Munich, Germany

Axions are hypothetical particles conceived to explain the strong CP problem of

the Standard Model. Simultaneously, axions are an excellent candidate for cold

darkmatter. MADMAX (MAgnetized Disk andMirror Axion eXperiment) aims

to detect axions in the mass range between 40 and 400 μeV. For that, it exploits
axion to photon conversion at surfaces with di�erent dielectric constants in the

presence of a strong magnetic �eld.�e MADMAX haloscope or booster setup

will consist of several parallel and adjustable dielectric discs.�e separation be-

tween discs will be optimised for the axion mass using very precise piezoelectric

motors. Here we present the �rst investigation of the performance of such piezo

motors, developed by the company JPE, under realistic conditions relevant for

MADMAX. First results at room temperature and at 4.2 K will be shown.

T 105.8 �u 18:00 T-H37
MADMAX: Dealing with Motor Failures — ∙David Leppla-Weber for the

MADMAX-Collaboration— Institut für Experimentalphysik, Universität Ham-

burg, Luruper Chaussee 149, 22761 Hamburg

�e MAgnetized Disk and Mirror Axion eXperiment is a dielectric haloscope
aiming to detect axions from the galactic halo by resonant conversion to photons

in a strong magnetic �eld. It uses a stack of dielectric disks, called booster, that

ampli�es the axion-photon conversion probability over a signi�cant mass range

dependent on the position of the adjustable disks. In the planned prototype, de-

pending on the axion mass, ampli�cations of a factor of ∼ 104 can be achieved.
�e booster is positioned in a cryostat to achieve the low noise levels necessary

for the detection of the tiny power stemming from the axion-photon conversion.

In case a repair is needed, the cryostat has to be warmed up and cooled down

again resulting in signi�cant shutdown time of the experiment. To explore the

case where one disk motor of the MADMAX prototype fails, an investigation for

the maximum possible scan range with one disk stuck is presented. It is found

that one stuck disk reduces the ampli�cation by no more than 25% over a range
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of 1.5 GHz. �is enables the experiment to continue operating for a signi�cant

amount of time without having to interrupt the axion search and warm up the

booster for repairs.

T 105.9 �u 18:15 T-H37
A closed booster prototype for MADMAX: CB100 — ∙Chang Lee for the
MADMAX-Collaboration — Max Planck Institute for Physics, Munich, Ger-

many

CB-100 is a closed dielectric haloscope that aims to verify the dielectric halo-

scope concept. We use the setup to understand the re�ectivity and thermal

noise of a dielectric haloscope, which is a prerequisite for a good calibration.

�e MADMAX collaboration plans to use the system for its axion-like particle

dark matter search using the MORPURGO magnet at CERN. We present the

concept, design, and construction of CB-100. We also present the re�ectivity

measurement at room temperature and 4K.

T 105.10 �u 18:30 T-H37
A novel approach to simulate axion-induced electrodynamics utilizing deep
learning techniques in theMADMAX experiment—Dominik Bergermann,
Tim Graulich, ∙Alexander Jung, Andrzej Novak, Ali Riahinia, and
Alexander Schmidt— III. Physikalisches Institut A RWTH Aachen, Aachen,

Deutschland
Promising concepts for the search for axion darkmatter are dielectric haloscopes,

such as the MAgnetized Disk and Mirror Axion eXperiment (MADMAX).�e

realisation of the experiment strongly depends on an accurate and reliable sim-

ulation leading to ever-increasing demands on computing resources, due to the

complexity of simulations. A proof of principle is presented that modern deep

learning techniques can be used in the simulation of the axion haloscope, and

thereby assist in its optimisation.

T 106: Experimental Techniques in Astroparticle Physics 4
Time:�ursday 16:15–18:30 Location: T-H38

T 106.1 �u 16:15 T-H38
Automation of the PMT Acceptance Tests for the IceCube Upgrade mDOMs
— ∙Lasse Halve1, Hannah Erpenbeck1, Maja Freienhofer

2
, Konstantin

Mrozik
2
, Joëlle Savelberg

1
, Johannes Werthebach

2
, and Christopher

Wiebusch
1
for the IceCube-Collaboration —

1
RWTH Aachen University -

Physics Institute III B, Aachen, Germany —
2
Astroparticle Physics WG Rhode,

TU Dortmund University, Germany

�e IceCube Upgrade will extend the IceCube Neutrino observatory with seven

additional cable-strings of instrumentation. More than 400 multiple-PMT Digi-

tal Optical Modules (mDOMs), with 24 3” Photomultiplier Tubes (PMTs) each,

will be deployed. We are testing more than 10.000 PMTs for compliance with

manufacturer speci�cations before the integration into the �nalmodules. A ded-

icated so�ware for steering the test facilities at RWTH Aachen University and

TU Dortmund University for a fully automated operation and online analysis

has been developed. We present the design principles and speci�c solutions for

full automization of the test procedures and analyses of PMT data.

T 106.2 �u 16:30 T-H38
First Results of the PMT Acceptance Tests for the IceCube Upgrade mDOMs
— ∙Johannes Werthebach

1
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2
, Maja Freienhofer

1
,

Lasse Halve
2
, Konstantin Mrozik

1
, and ChristopherWiebusch

2
for the

IceCube-Collaboration —
1
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III. Physikalisches Institut B, RWTH Aachen Univer-

sity

For the IceCube Upgrade seven new strings will be deployed in the centre of the

IceCube Neutrino Observatory. Each string contains several types of modules

and in total more than 400 multiple-PMT Digital Optical Modules (mDOMs),

with 24 3" Photomultiplier Tubes (PMTs) each, will be frozen into the glacial ice

at the South Pole. Testing these PMTs for compliance with manufacturer spec-

i�cations is crucial before integration into the �nal mDOM. Utilizing two test

facilities at RWTH Aachen University and TU Dortmund University with fully

automated operation allows for mass testing of all PMTs. Here, we present the

results of the characterization tests for the �rst batch of PMTs.

T 106.3 �u 16:45 T-H38
Acceptance Tests for 10,700 PMTs of the mDOMs of the IceCube Upgrade
— ∙Joëlle Savelberg1, Hannah Erpenbeck1, Maja Freienhofer

2
, Lasse

Halve
1
, KonstantinMrozik

2
, JohannesWerthebach

2
, and Christopher

Wiebusch
1
for the IceCube-Collaboration —

1
RWTH Aachen University -

Physics Institute III B, Aachen, Germany—
2
Experimentelle Physik 5, TUDort-

mund University

�e currently prepared IceCube Upgrade will add seven new detector-strings to

the central region of the IceCube detector, with the goal of improving the photon-

detection and lowering the energy threshold. Part of the new instrumentation

aremore than 400multi-PMTDigital OpticalModules (mDOMs), each contain-

ing 24 3” Photomultiplier Tubes (PMTs) of type Hamamatsu R15458-20. Prior

to the assembly of the mDOMs, the 10,700 required PMTs need to be tested for

compliancewith set speci�cations.�ese tests are carried out at dedicated testing

facilities at RWTHAachenUniversity and TUDortmundUniversity, with setups

that have been optimized for large throughput during the production phase.�is

talk will focus on the design of these setups and development of optimized test-

ing procedures of PMTs in these large quantities.

T 106.4 �u 17:00 T-H38
Testing the multi-PMT digital optical modules for IceCube Upgrade —
∙Nora Feigl for the IceCube-Collaboration — DESY Zeuthen
�e IceCube Upgrade will enhance IceCube’s capabilities at low and high ener-

gies. An important part of theUpgrade is themulti PMT approach: the new opti-

cal detector module, the multi-PMT digital optical module (mDOM), promises

a large sensitive area, homogeneous solid angle coverage and the possibility of

multiplicity triggering within a single module.

In the past year themDOMwas tested and characterized to verify the design is

up to requirements. During the mDOM Design Veri�cation Test (DVT) phase,

all the most basic features of the mDOM mainboard, the PMT bases and the

calibration systems for the �rst DVT modules were tested.

�e next step will be the large-scale integrated mDOMFinal Acceptance Test-

ing (FAT) to verify the previous measurements and the functionality of all sub-

systems while undergoing temperature cycles.

In this talk the structure and the current state of the mDOM Testing will be

presented. Some results of the Design Veri�cation Tests will be shown as well as

a short outlook for the upcoming Final Acceptance Testing.

T 106.5 �u 17:15 T-H38
LOM - Amulti-PMT optical sensor for IceCube-Gen2.—MarkusDittmer,

∙Berit Schlüter, Alexander Kappes, and Lew Classen for the IceCube-
Collaboration —WWUMünster
With a smaller diameter and 4-inch PMTs, the eLongated Optical Module

(LOM) combines lessons learned from the development of mDOM and DEgg

for IceCube Upgrade with gel pads as a new element for optical coupling. �e

gel pads are a key component here and o�er several advantages over previously

used approaches. However, they also pose a challenge for the design of the in-

ternal mechanical components and subsequent volume production.

�is presentation will provide an overview of the proposed LOM design, gel

pad studies, and highlight measures taken to ensure consistent quality of the

modules under the harsh conditions in the deep ice at the South Pole.

T 106.6 �u 17:30 T-H38
Reconstruction of simulated muons in a water basin with a multi-PMT
optical module — ∙Francisco Javier Vara Carbonell, Martin Anto-

nio Unland Elorrieta, Markus Dittmer, Lew Classen, and Alexander

Kappes for the IceCube-Collaboration — Institut für Kernphysik, Westfälische

Wilhelms-Universität Münster, Münster, Germany

�e IceCube detector, currently the largest neutrino detector in the world, is

scheduled to undergo two upgrades that will be accompanied by new and im-

proved optical modules.�ese new modules include the LOM and the mDOM,

which feature a larger number of PMTs in a pressure vessel. Compared to the

old modules, they have a larger e�ective photosensitive area and nearly uniform

angular coverage. In addition, the sensitive area is now fragmented, resulting in

intrinsic directional sensitivity of each module. �e zenith angle resolution of

both types of modules for atmospheric muons in water was studied with Geant4

simulations, using machine learning for reconstruction.

T 106.7 �u 17:45 T-H38
Studien zum Zeitverhalten eines Photomultipliers mit COMSOL Multiphy-
sics— ∙JanisAverbeck,MarkusDittmer,MartinAntonioUnlandElor-

rieta, LewClassen undAlexanderKappes für die IceCube-Kollaboration—

WWUMünster, Münster, Deutschland

Zur Detektion der charakteristischen Tscherenkow-Strahlung werden beim

IceCube-Neutrinoteleskop Photomultiplier eingesetzt. Die Photonen lösen an

der Photomultiplier-Kathode durch den photoelektrischen E�ekt Photonen aus,

die anschließend in einem elektrischen Feld beschleunigt werden und ein

Dynodensystem mit steigendem Potential durchlaufen. Dabei werden bei jeder

Dynodenkollision mehrere Sekundärelektronen ausgelöst, die letztlich zu einem

messbaren Signal führen. Für den Einsatz in IceCube ist u.a. eine sehr genaue

Kenntnis der zeitlichen Verzögerung zwischen Auslösung an der Photokathode

und Ankun� des Elektronensignals an der Anode (Transit-Time) erforderlich.
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Die Transit-Time hängt dabei nicht nur von der Größe der Beschleunigungs-

spannung, sondern auch vom Entstehungsort der Elektronen auf der kugelför-

migen Kathode, der Anfangsenergie der Elektronen sowie deren Geschwindig-

keitsvektor ab. Um den Ein�uss dieser drei Parameter auf die Transit-Time zu

untersuchen wurde damit begonnen, einen Photomultiplier in COMSOLMulti-

physics nachzubauen. Der Vortrag präsentiert erste Ergebnisse der Studien.

T 106.8 �u 18:00 T-H38
Studies of the LED emission pro�le in the mDOM with a Geant4 simulation
— ∙Anna-Sophia Tenbruck, Alexander Kappes, Martin Antonio Un-

land Elorrieta, Lew Classen, and Cristian Jesús Lozano Mariscal for

the IceCube-Collaboration — Institut für Kernphysik, Westfälische Wilhelms-

Universität Münster, Münster

�e multi-PMT digital optical modules (mDOMs) used in IceCube Upgrade are

not only designed to detect neutrinos at low energies, but are also expected to

greatly improve the understanding of the detector by installing calibration de-

vices such as LED �ashers. LED �ashers are versatile devices successfully used

in IceCube to measure the ice properties, sensitivity, and timing of optical mod-

ules and their positioning. For this purpose, the emission pro�le of the LEDs

must be accurately characterized a�er they are installed in an mDOM. To study

this, the LEDs were simulated in detail in a Geant4 simulation, and the in�uence

of the other module components on the emission pro�le as well as systematics

resulting from the uncertainties in position and inclination of the LED in the

module were investigated.

T 106.9 �u 18:15 T-H38
�e Acoustic Module for the IceCube Upgrade — Jürgen Borowka,

∙Christoph Günther, Dirk Heinen, Maverick Schönell, Christopher

Wiebusch, and SimonZierke for the IceCube-Collaboration—RWTHAachen

University - Physics Institute III B, Aachen, Germany

One major goal of the IceCube Upgrade is improved calibration by deploying

additional calibration devices in the center of IceCube. Amongst these devices

are ten stand-alone Acoustic Modules, capable of receiving and sending acoustic

signals. Additionally, these signals are detected by compact acoustic sensors in-

side some of the optical sensor modules.�e positions of emitters and receivers

are determined bymeans of trilateration of the acoustic propagation times. With

this system we aim for the calibration of the detector’s geometry with a precision

better than a few 10 cm. In view of the future IceCube-Gen2 detector, this system

will provide an important proof of principle for the reliable geometry calibration

on distance scales of a few hundred meters.�e design of the acoustic modules

and the status of the development are presented in this talk.

T 107: Data Analysis, Information Technology and Artificial Intelligence 5
Time:�ursday 16:15–18:15 Location: T-H39

T 107.1 �u 16:15 T-H39
Introducing novel order statistic tests based on spacings and their applica-
tions— ∙Lolian Shtembari—Max Planck Institute for Physics, Munich
�e use of spacings between ordered real-valued numbers is very useful in many

areas of science. In particular, either unnaturally small or large spacings can

be a signal of an interesting e�ect. We introduce new statistical tests based on

the observed spacings of ordered data. �ese statistics are sensitive to detect

non-uniformity in random samples, or short-lived features in event time series.

Under some conditions, these new test can outperform existing ones, such as

the well known Kolmogorov-Smirnov or Anderson-Darling tests, in particular

when the number of samples is small and di�erences occur over a small quantile

of the null hypothesis distribution. A detailed description of the test statistics is

provided including examples and proposed applications for the analysis of neu-

trino experiments.

T 107.2 �u 16:30 T-H39
Cosmic ray composition measurement with Graph Neural Networks in
KM3NeT/ORCA— ∙Stefan Reck for the ANTARES-KM3NET-ERLANGEN-
Collaboration — Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU),

ECAP
KM3NeT/ORCA is a water-Cherenkov neutrino detector, currently under con-

struction in the Mediterranean Sea at a depth of 2450 meters. �e project’s

main goal is the determination of the neutrino mass hierarchy by measuring

the energy- and zenith-angle-resolved oscillation probabilities of atmospheric

neutrinos traversing the Earth. Additionally, the detector observes atmospheric

muons, which can be used to study the properties of extensive air showers and

cosmic ray particles.

�is contribution will present a deep-learning based approach to analyse the

signatures of muon bundles traversing the detector using graph convolutional

networks. Even though the detector is still in an early stage of construction, this

reconstruction can already be used to measure the composition of cosmic ray

primary particles.

T 107.3 �u 16:45 T-H39
Tau neutrino selection with Graph Neural Networks for KM3NeT/ORCA
— ∙Lukas Hennig for the ANTARES-KM3NET-ERLANGEN-Collaboration
—Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU), ErlangenCentre

for Astroparticle Physics, Erwin-Rommel-Straße 1, 91058 Erlangen, Germany

One of the goals of the KM3NeT collaboration is to constrain the PMNS matrix

elements associated with the tau neutrino �avor.�e data needed to perform this

task is taken by KM3NeT’s ORCA detector, a water Cherenkov neutrino detector

currently under construction in the deep Mediterranean Sea. To constrain the

matrix elements, one needs to measure the tau neutrino �ux produced by atmo-

sphericmuon and electron neutrinos oscillating into tau neutrinos. Selecting the

tau neutrino events from the full neutrino event dataset is a notoriously di�cult

task because the �nal states of a tau neutrino interaction on a nucleon or nucleus

look very similar to those produced in other CC and NC neutrino interactions.

�is classi�cation problem is addressed by using Graph Neural Networks, a type

of neural network architecture that has shown promising results, e.g., in the re-

lated task of jet tagging.�is presentation will explain how GNNs are applied to

neutrino telescope data and report the �rst results concerning the classi�cation

performance.

T 107.4 �u 17:00 T-H39
Conditional Invertible Neural Network for the inference of properties of
ultra-high-energy cosmic ray sources — Teresa Bister, Martin Erd-

mann, Natalie Nast, Johanna Schafmeister, and ∙Josina Schulte— III.
Physikalisches Institut A, RWTH Aachen

A core challenge in physics data analyses is to estimate model parameters from

corresponding measurements, o�en without the possibility to formulate an ex-

plicit inverse function. In a Bayesian framework, parameters are usually esti-

mated using posterior distributions providing not only point estimates but also

enabling the determination of uncertainties and correlations. To assess the pos-

terior distributions, we use a so-called conditional Invertible Neural Network

(cINN) which is based on the concept of normalizing �ows. We apply this new

method to a simulated scenario from astroparticle physics to gain information

on the parameters of a source model of ultra-high-energy cosmic rays.�e cor-

responding simulated measurements are the energy spectrum, depth of shower

maximum distributions and the arrival directions as measured on Earth with

similar statistics as data from the Pierre Auger Observatory. We present and

evaluate the performance of the cINN on this scenario.

T 107.5 �u 17:15 T-H39
Deep-Learning-Based Reconstruction of Cosmic-RayMasses from Extensive
Air Shower Measurements with AugerPrime — Martin Erdmann, Jonas

Glombitza, Berenika Idaszek, ∙Niklas Langner, and Dominik Steinberg
— III. Physikalisches Institut A, RWTH Aachen University

Ultra-high-energy cosmic rays (UHECRs) that penetrate the Earth’s atmosphere

induce extensive air showers. At the Pierre Auger Observatory, showers aremea-

sured from the ground using the �uorescence detector (FD) and the surface de-

tector (SD) consisting of water Cherenkov detectors (WCDs). Currently, the SD

is extended with scintillators (SSDs) as part of the AugerPrime upgrade.

Actual measurements of the UHECR mass composition are based on FD ob-

servations of the depth of shower maximum Xmax. Using deep learning, Xmax
was successfully extracted using only the SD, exploiting the full statistics of the

observatory. However, the precision of Xmax as a mass estimator at the event
level is limited.�e new SD upgrade o�ers the possibility to measure individual

components of the shower, potentially improving the reconstruction of the mass

composition.

We introduce our network to extract the properties of air showers by analyz-

ing the signals of water Cherenkov detectors as well as the SSDs. We show that

the mass-separation power when using only the observable Xmax is already fully
exploited using only WCDs. �us, we investigate additional observables, novel

network architectures and new reconstruction strategies to increase the mass

sensitivity with the combination of WCDs and SSD measurements.

T 107.6 �u 17:30 T-H39
PID with Recurrent Neural Networks in the ATLAS Transition Radiation
Tracker for Run 3— ∙Lena Herrmann, Christian Grefe, Philip Bechtle,
and Klaus Desch— Physikalisches Institut, University of Bonn

�e measurement of transition radiation e�ects by the ATLAS transition radia-

tion tracker (TRT) is a key ingredient to the electron identi�cation, especially at

low momenta. A recurrent neural network (NN) was developed to combine hit-

and track-level information into a single classi�er, which signi�cantly improves
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the particle identi�cation capabilities provided by the TRT.

Since the gas con�guration in the TRT will change for the upcoming Run 3

data taking period, separate RNNs have to be trained. �e optimisation and

training of the RNN will be presented and di�erences between the Run 2 and

Run 3 networks will be discussed. Furthermore, the RNN response on real data

taken during Run 2 will be compared to its performance in simulation.

T 107.7 �u 17:45 T-H39
Usage of neural networks in photon identi�cation inATLAS— ∙FlorianKir-
fel— Physikalisches Institut der Universität Bonn

Precise photon identi�cation is crucial for many ATLAS analyses. Currently,

photons are selected using a set of cuts on calorimeter variables which charac-

terise the shape of electromagnetic showers. �ese cuts were optimized using

Monte Carlo simulations of photons and jets. Due to the simulations not be-

ing ideal, the selection e�ciency must be corrected to match data. However, the

measurement technique used to determine the identi�cation e�ciency in the

data requires the hadronic activity around the photon candidate and the photon

identi�cation e�ciency to be independent. In this work, neural networks are

employed to improve over cut-based photon identi�cation. In addition, they are

constrained to keep the classi�cation independent of the isolation using the dis-

tance correlation. �is allows a simpli�ed setup comparing to alternatives such

as the adversarial neural network.

T 107.8 �u 18:00 T-H39
A super-resolution GAN for photon identi�cation at collider experiments—
Johannes Erdmann, Florian Mentzel, Olaf Nackenhorst, and ∙Aaron
van der Graaf— TU Dortmund University, Department of Physics

Many processes in proton-proton collisions contain prompt photons in the �nal

state, ranging from Standard Model (SM) measurements, such as H → γγ, to
searches for physics beyond the SM. In order to measure these processes with

a high precision, a good photon identi�cation e�ciency while retaining a high

background rejection rate is important. Most misidenti�ed photons arise from

hadron decays, such as π0 → γγ, which could possibly be rejected better with a
higher calorimeter granularity. �is motivates the idea of arti�cially increasing

the calorimeter granularity by training a super-resolutionGenerativeAdversarial

Network (SRGAN) with simulated low and high resolution calorimeter images.

As a proof of concept, mono-energetic photons and neutral pions are simulated

in an electromagnetic calorimeter and only the second calorimeter layer is used

for the SRGAN training. In this presentation, the used SRGAN model, the re-

sults of the SRGAN training and the predicted super-resolution images are pre-

sented. It is shown that the predicted super-resolution images contain additional

information that increases the pion rejection rate compared to the low resolution

images.

T 108: General assembly - Particle Physics Division (for DPG members)
Time:�ursday 19:30–21:00 Location: T-MV
General Assembly - Mitgliederversammlung

T 109: Invited Talks 4
Time: Friday 11:00–12:30 Location: T-H15

Invited Talk T 109.1 Fri 11:00 T-H15
Ten years of Higgs boson measurements: what we know and what we don’t
know— ∙Christian Grefe— Physikalisches Institut, Universität Bonn
One decade a�er the discovery of the Higgs boson, the ATLAS and CMS exper-

iments continue to publish more and more precise measurements of the Higgs

sector, so far con�rming the expectations of the Standard Model. With the start

of LHC Run 3 ahead – which will double the existing pp-collision dataset – we
will review the current knowledge of the fundamental properties of the Higgs

boson.

In addition to the Higgs boson couplings, understanding the width and the

CP properties of the Higgs boson is crucial to shed light on the open questions

in particle physics: Is there CP violation in the Higgs sector? And are there invis-

ible Higgs boson decays which would allow it to couple to a dark sector beyond

the Standard Model? We will review the currently available measurements, their

limitations and what to expect from Run 3 and beyond.

Invited Talk T 109.2 Fri 11:30 T-H15
Future of Silicon Tracking Detectors: LHC Upgrades and Beyond— ∙Georg
Steinbrück— Institut für Experimentalphysik, Universität Hamburg

In this presentation I will review silicon detector technologies for particle track-

ing in current and future hadron collider experiments.

Signi�cant improvements were needed to reach the requirements for the Phase

2 upgrades of the LHC experiments. I will report on these challenges and the

technological solutions with a focus on the upgrades of the CMS and ATLAS

tracking detectors. While the collaborations are moving towards production,

they are already looking into the future. An overview of further upgrade ideas

for the LHC tracking detectors will be given.

�e demands on silicon detectors for planned future hadron colliders are even

more extreme with 1 MeV neutron equivalent �uences up to 10^17 cm^-2 and

huge particle rates. �e limiting factors for the use of silicon will be discussed,

as well as what is relevant in extrapolating current technologies to the future.

Invited Talk T 109.3 Fri 12:00 T-H15
�e dawn of high energy neutrino astronomy — ∙Elisa Resconi— Techni-
cal University of Munich, Department of Physics, James-Franck-Straße 1, 85748

Garching bei München

Current knowledge of the Universe is based on information carried by electro-

magnetic radiation, gravitational waves, neutrinos, and cosmic rays. For over

a century, scientists have observed cosmic rays, but the understanding of their

place of production is limited. As a product of cosmic ray interaction, neutrinos

can shed light on the extreme part of the Universe. IceCube Neutrino Observa-

tory has been leading neutrino astronomy research over the last ten years and is

the only observatory with the exposure to detect high-energy neutrinos beyond

Earth*s atmosphere. �is presentation will highlight the IceCube observations,

including new recent results. Despite the exiting times, with IceCube operat-

ing alone and limited by the South Pole location and cubic-km scale, the neu-

trino astronomy e�orts have yet to advance the �eld past infancy. It is clear that

more observatories and larger telescopes, ultimately linked via a global network,

are needed to advance fundamental discoveries in astro and particle physics. In

this direction, a new opportunity has emerged over the last years to construct a

new large volume neutrino telescope, the Paci�cOceanNeutrino Experiment (P-

ONE), which will be based on the �rst time, within an existing oceanographic

infrastructure. I will summarize how we have established a scienti�c relation-

ship with Ocean Networks Canada to pioneer their global network as a testbed

infrastructure and identi�ed the optimal location and prepared the ground for

�rst case deployment.
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Physics Education Division (DD) Overview

Physics Education Division
Fachverband Didaktik der Physik (DD)

Susanne Heinicke
Westfälische Wilhelms-Universität Münster

Fachbereich Physik
Institut für Didaktik der Physik
Wilhelm-Klemm-Straße 10

48149 Münster
susanne.heinicke@uni-muenster.de

Die Tagung �ndet als virtuelle Konferenz statt. Die Meetingräume und Poster sind auf der Tagungsplattform
verfügbar.

Übersicht über Hauptvorträge, Fachsitzungen und Workshops
(Hörsäle DD-H08, DD-H09, DD-H10, DD-H11 und DD-H12; Poster P)

Hauptvorträge

DD 1.1 Mon 9:00–10:00 DD-H8 Von Naturphänomenen und solchen jenseits unserer Wahrnehmung — ∙Michael
Vollmer

DD 21.1 Tue 11:00–11:45 DD-H8 Warum Lehrbuchdarstellungen der Physikgeschichte so schlecht sind – und was wir
daraus lernen können— ∙Oliver Passon

Hauptvorträge im gemeinsamen Symposium The Nature of Science (SYNS)
Siehe SYNS für das komplette Programm des Symposiums.

SYNS 1.1 Tue 14:00–14:30 Audimax �e Role of Nature of Science Education for Science Media Literacy — ∙Dietmar
Höttecke

SYNS 1.2 Tue 14:30–15:00 Audimax What kinds of identities are deemed in/our of place in physics? — ∙Lucy Avraami-
dou

SYNS 1.3 Tue 15:00–15:30 Audimax Some thoughts on the status of theoretical physics— ∙DanielHarlow

Preisträgervorträge im Preisträgersymposium (SYAW)
einschließlich Georg-Kerschensteiner-Preisvortrag von Horst Schecker
Siehe SYAW für das komplette Programm des Symposiums.

SYAW 1.1 Wed 14:10–14:40 Audimax Wie überprü� man die Ziele der Lehramtsausbildung Physik? — ∙Horst
Schecker

SYAW 1.2 Wed 14:40–15:10 Audimax Astronomy at Highest Angular Resolution - Adaptive Optics, Interferometry and
Black Holes— ∙Frank Eisenhauer

SYAW 1.3 Wed 15:10–15:40 Audimax Turbulence in one dimension— ∙AlexanderM. Polyakov

Gemeinsame Sitzung DD/GP

DD 15.1–15.3 Mon 13:30–15:00 GP-H7 Communicating Physics and its History (joint session GP/DD)

Workshop

DD 51.1 Wed 16:00–17:30 DD-H8 Konsequenzen aus 3 Jahren Studienreformforschung— ∙Stefan Brackertz, Amr El
Miniawy, Janette Gehlert, Daniela Kern-Michler, Manuel Längle
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Fachsitzungen

DD 1.1–1.1 Mon 9:00–10:00 DD-H8 Hauptvortrag 1
DD 2.1–2.3 Mon 10:15–11:15 DD-H8 Physikdidaktik und Inklusion
DD 3.1–3.3 Mon 10:15–11:15 DD-H9 Neue / digitale Medien – Konzeption
DD 4.1–4.3 Mon 10:15–11:15 DD-H10 Lehr-Lernforschung – Schülervorstellungen Science
DD 5.1–5.3 Mon 10:15–11:15 DD-H11 Hochschuldidaktik – Studieneingangsphase Fachwissen
DD 6.1–6.3 Mon 10:15–11:15 DD-H12 Quantenphysik – Experimente
DD 7.1–7.5 Mon 11:30–12:30 P Postersession 1: Anregungen aus dem Unterricht für den Unterricht
DD 8.1–8.2 Mon 11:30–12:30 P Postersession 1: Bildung für nachhaltige Entwicklung
DD 9.1–9.1 Mon 11:30–12:30 P Postersession 1: Geschichte der Physik / Nature of Science
DD 10.1–10.12 Mon 11:30–12:30 P Postersession 1: Lehr- und Lernforschung
DD 11.1–11.9 Mon 11:30–12:30 P Postersession 1: Lehreraus- und -weiterbildung
DD 12.1–12.8 Mon 11:30–12:30 P Postersession 1: Neue Konzepte
DD 13.1–13.3 Mon 11:30–12:30 P Postersession 1: Physikdidaktik und Inklusion
DD 14.1–14.1 Mon 11:30–12:30 P Postersession 1: Sprache und Physikunterricht
DD 15.1–15.3 Mon 13:30–15:00 GP-H7 Communicating Physics and its History (joint session GP/DD)
DD 16.1–16.4 Mon 15:30–16:50 DD-H8 Neue / digitale Medien – Schule
DD 17.1–17.4 Mon 15:30–16:50 DD-H9 Neue / digitale Medien – AR
DD 18.1–18.4 Mon 15:30–16:50 DD-H10 Lehr-Lernforschung – Schülervorstellungen fachbezogen
DD 19.1–19.4 Mon 15:30–16:50 DD-H11 neue Konzepte – Physikunterricht
DD 20.1–20.4 Mon 15:30–16:50 DD-H12 außerschulisches Lernen – Konzepte
DD 21.1–21.1 Tue 11:00–11:45 DD-H8 Hauptvortrag 2
DD 22.1–22.3 Tue 12:00–13:00 DD-H8 Lehreraus- und Lehrerfortbildung – neue Ansätze
DD 23.1–23.3 Tue 12:00–13:00 DD-H9 Neue / digitale Medien – VR
DD 24.1–24.3 Tue 12:00–13:00 DD-H10 Physikdidaktik und Inklusion – Experimentieren
DD 25.1–25.3 Tue 12:00–13:00 DD-H11 Hochschuldidaktik – Studieneingangsphase Studierendenperspektive
DD 26.1–26.3 Tue 12:00–13:00 DD-H12 Quantenphysik – Konzepte
DD 27.1–27.2 Tue 16:15–16:55 DD-H8 außerschulisches Lernen – Metaperspektive
DD 28.1–28.2 Tue 16:15–16:55 DD-H9 Geschichte der Physik und NoS
DD 29.1–29.2 Tue 16:15–16:55 DD-H10 Lehr-Lernforschung – Lernermerkmale
DD 30.1–30.2 Tue 16:15–16:55 DD-H11 Lehreraus- und Lehrerfortbildung – neue Ansätze
DD 31.1–31.2 Tue 16:15–16:55 DD-H12 Praktika und neue Praktikumsversuche
DD 32.1–32.2 Tue 17:00–18:00 P Postersession 2: Astronomie
DD 33.1–33.4 Tue 17:00–18:00 P Postersession 2: Außerschulisches Lernen
DD 34.1–34.12 Tue 17:00–18:00 P Postersession 2: Hochschuldidaktik
DD 35.1–35.13 Tue 17:00–18:00 P Postersession 2: Neue / digitale Medien
DD 36.1–36.5 Tue 17:00–18:00 P Postersession 2: Praktika und neue Praktikumsversuche
DD 37.1–37.2 Tue 17:00–18:00 P Postersession 2: Präsentation von Experimenten
DD 38.1–38.2 Tue 17:00–18:00 P Postersession 2: Quantenphysik
DD 39.1–39.3 Tue 17:00–18:00 P Postersession 2: Sonstige
DD 40 Tue 18:00–19:30 DD-MV Mitgliederversammlung des Fachverbands Didaktik der Physik
DD 41.1–41.3 Wed 10:45–11:45 DD-H8 Neue / digitale Medien – Experimente
DD 42.1–42.3 Wed 10:45–11:45 DD-H9 Lehr- und Lernforschung – Repräsentatonsformen
DD 43.1–43.3 Wed 10:45–11:45 DD-H10 BNE – Lernendenperspektive
DD 44.1–44.3 Wed 10:45–11:45 DD-H11 Hochschuldidakitk – neue Konzepte
DD 45.1–45.3 Wed 10:45–11:45 DD-H12 Astronomie
DD 46.1–46.3 Wed 12:00–13:00 DD-H8 BNE - Konzepte
DD 47.1–47.3 Wed 12:00–13:00 DD-H9 Lehreraus- und -weiterbildung – Lehrkonzepte
DD 48.1–48.3 Wed 12:00–13:00 DD-H10 Lehr- und Lernforschung – Methodik
DD 49.1–49.3 Wed 12:00–13:00 DD-H11 Lehreraus- und -weiterbildung – digitale Medien
DD 50.1–50.3 Wed 12:00–13:00 DD-H12 Praktika und neue Praktikumsversuche
DD 51.1–51.1 Wed 16:00–17:30 DD-H8 Workshop: Konsequenzen aus drei Jahren Studienreformforschung

Mitgliederversammlung des Fachverbands Didaktik der Physik
Dienstag 18:00–19:30 DD-MV
• Genehmigung der Tagesordnung
• Genehmigung des Protokolls vom 23.03.2021
• Bericht des Vorstands
• Berichte aus den Arbeitsgruppen
• Termine
• Verschiedenes
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Physics Education Division (DD) Monday

Sessions
– Invited Talks, Workshops, Contributed Talks, and Posters –

DD 1: Hauptvortrag 1
Time: Monday 9:00–10:00 Location: DD-H8

Invited Talk DD 1.1 Mon 9:00 DD-H8
Von Naturphänomenen und solchen jenseits unserer Wahrnehmung —
∙Michael Vollmer—University of Applied Sciences Brandenburg

Phänomene in unserer Umwelt, insbesondere derNatur, sind besonders geeignet

Interesse für Physik bei Schüler*innen und Student*innen und eigentlich allen

an unserer Umwelt Interessierten zu wecken und zu vertiefen. Viele der faszinie-

rendstenWahrnehmungen gewinnen wir durch unsere Augen, allerdings weisen

sie leider auch Beschränkungen auf. Überwinden dieser Begrenzungen führt

zu neuen vielfältigen Entdeckungen. Anhand der Variation dreier die Augen-

wahrnehmung beein�ussenden Variablen (Raum, Zeit und Wellenlänge) wird

die große Vielfalt sich neu erschließender Phänomene an ausgewählten Beispie-

len exemplarisch diskutiert. Physikalisch wird der Bogen gespannt von Mikro-

skopie zu Satellitentechnik und unserer maximalen Sichtweite, von Zeitra�er zu

Highspeedaufnahmen sowie von Röntgen und UV Aufnahmen bis hin zu preis-

werten IR Smartphonekameras.

DD 2: Physikdidaktik und Inklusion
Time: Monday 10:15–11:15 Location: DD-H8

DD 2.1 Mon 10:15 DD-H8
Naturwissenscha�licher Unterricht in Straßenschulen: Zu Lernvorausset-
zungen von Straßenjugendlichen — ∙Matthias Fischer und Manue-

la Welzel-Breuer — Pädagogische Hochschule Heidelberg, Heidelberg,

Deutschland
Laut einer Schätzung von Hoch (2017) gibt es in Deutschland etwa 37.000 Stra-

ßenjugendliche bis einschließlich 27 Jahre, die entweder wohnungs- oder ob-

dachlos sind. Häu�g sind die ausschlaggebenden Ursachen für den Beginn von

Straßenkarrieren in ihren Herkun�sfamilien zu �nden, in denen sie beispiels-

weise Gewalt sowie Vernachlässigung erfahren haben. Gleichzeitig birgt auch

die Straße als primärer Sozialisationsort vielfältige Herausforderungen. Straßen-

jugendliche be�nden sich somit o�mals in prekären Lebenslagen. So erschwert

eine begonnene Straßenkarriere häu�g die erfolgreiche Fortführung der eige-

nen Schulkarriere und folglich �nden sich in dieser Gruppe überdurchschnitt-

lich viele Schulabbrüche. Als Abbruchsgründe werden unter anderemMobbing,

fehlende Unterstützung von Lehrkrä�en und Probleme mit dem Sozialsystem

Schule genannt. Die bisherigen Erfahrungen in Herkun�sfamilie, Schule und

auf der Straße führen meist zu besonderen Lernvoraussetzungen, die im Regel-

schulsystemnicht berücksichtigt werden können.DerAufgabe, Straßenjugendli-

chen einen Schulabschluss unter Berücksichtigung ihrer Lebenslagen und Lern-

voraussetzungen zu ermöglichen, haben sich die sogenannten Straßenschulen

verschrieben. In unserer Forschung haben wir mit Interviews untersucht, wel-

che besonderen Lernvoraussetzungen Straßenjugendliche für den naturwissen-

scha�lichen Unterricht in Straßenschulen mitbringen.

DD 2.2 Mon 10:35 DD-H8
Der Energiebegri� im inklusiven Unterricht — David Kolkenbrock1, An-
dreas Kissenbeck

2
, Stefan Brackertz

1
, René Schröder

1
und ∙Andreas

Schulz
1
—

1
Universität zu Köln, Köln, Deutschland —

2
Gesamtschule Köln-

Holweide, Köln, Deutschland

Energie kann als der Zentralbegri� sowohl im Universum als auch im mensch-

lichen Leben angesehen werden. Daher ist Energie ein vorrangiges Unterrichts-

thema zur umfassenden Behandlung gerade am Übergang von der Mittel- hin

zur Oberstufe weiterführender Schulen. Hier wird ein Konzept zur Behandlung

im inklusiven Unterricht der Klassenstufe 10 entworfen und vorgestellt. Dazu

wird für den inklusiven Unterricht eine Di�erenzierungsmatrix nach Sasse ent-

wickelt, die es den Schüler*innen ermöglicht, beim Lernen am für alle gleichen

Gegenstand ihren Schwierigkeitsgrad, aber auch die Art ihres Zugangs (z.B. Ein-

beziehung von Energieerhaltung) bei denAufgaben selbst zu wählen. Dabei wird

zunächst die Energiebereitstellung thematisiert und besonders auf die Problema-

tik fossiler und nicht-fossiler Energieformen sowie fächerübergreifend auf Ener-

gieanwendungen und -Umwandlungen eingegangen und auch das Problem der

Energieentwertung behandelt. Besonderer Wert wird auf verantwortungsvollen

Umgang mit den verschiedenen Energieformen im Alltag gelegt.

Das Konzept wird in der Gesamtschule Köln-Holweide in 5 UE erprobt und

evaluiert. Für die Untersuchung stehen neben der Versuchsgruppe auch Ver-

gleichsgruppen zur Verfügung. Die Durchführung ist zur Tagung abgeschlossen

und Ergebnisse werden präsentiert.

DD 2.3 Mon 10:55 DD-H8
Gestaltung von inklusivenAufgabenformaten amBeispiel des Flaschentutens
— ∙Lisa Stinken-Rösner und ElisabethHofer—Leuphana Universität Lü-
neburg

Aufgaben sind ein wesentliches Element im Physikunterricht, da sie Lernende

dazu anregen, sich mit Fachinhalten auseinanderzusetzen und ihr Wissen und

ihre Fähigkeiten auf neue Kontexte zu übertragen. Klassische textbasierte Auf-

gabenformate, die auf einen reinen Fachwissenserwerb bzw. dessen Anwendung

abzielen, stellen jedoch aufgrund ihrer monotonen Gestaltung für viele Lernen-

de Barrieren dar - was insbesondere aus Sicht der inklusiven Pädagogik proble-

matisch ist (Stinken-Rösner & Abels, 2021). Zudem beschränkt sich ein zeitge-

mäßer (inklusiver) Physikunterricht nicht einzig auf das Lernen von Fachwissen,

sondern verfolgt das Ziel, dass alle Lernenden darüber hinaus an der ’Ausein-

andersetzung mit naturwiss. Kontexten’, dem ’Betreiben von Erkenntnisgewin-

nung’ sowie dem ’Lernen über die Naturwissenscha�en’ partizipieren können

(Hodson, 2014, Stinken-Rösner et al., 2020). Am Beispiel des ’Flaschentutens’

werden mögliche Herausforderungen bei der Auseinandersetzung mit einem

Kontext theoretisch diskutiert und Möglichkeiten aufgezeigt, wie neue Zugänge

durch alternative Aufgabenformate gescha�en werden können (Stinken-Rösner

& Hofer, 2022). Im Sinne des Design-Based-Research wurden die verschiedenen

Aufgabenformate in drei aufeinanderfolgenden Jahren im Rahmen einer Lehr-

veranstaltung mit über 100 Studierenden erprobt und kontinuierlich weiterent-

wickelt.

DD 3: Neue / digitale Medien - Konzeption
Time: Monday 10:15–11:15 Location: DD-H9

DD 3.1 Mon 10:15 DD-H9
Der physikalische Adventskalender ”PiA - Physik im Advent” — ∙Arnulf
Quadt— II. Physikalisches Institut, Georg-August-Universität Göttingen

”PiA - Physik im Advent” ist ein physikalischer Adventskalender für Kinder und

Jugendliche. Vom 1. bis zum 24. Dezember werden kleine physikalische Experi-

mentemit haushaltsüblichenMaterialien per Video�lm vorgeführt. Die Teilneh-

merInnenmachen sie nach, beobachten das Phänomen, reichen ihreAntwort auf

eine gestellt Frage zum Experiment auf der PiA-Webseite ein und erhalten am

nächsten Tag die Lösung wieder als Video�lm, evtl. auch einen Punkt. ZuWeih-

nachten erhalten alle TeilnehmerInnen individuelle Urkunden. Unter den bes-

ten TeilnehmerInnenwerden Preise in denKategorien Einzelperson, Schulklasse

oder Schule verlost. Im Jahr 2021 hat das Projekt mit rund 65.000 registrierten

TeilnehmerInnen und über 2.4 Millionen Besuchen einen neuen Rekord erzielt.

Im Jahr 2022 feiert ”PiA - Physik im Advent” 10-jähriges Jubiläum. Das Pro-

jekt selbst sowie eine Auswertung der statistischen Daten, konkret das Antwort-

verhalten di�erenziert nach Geschlecht, Alter, Bundesland, Land oder anderen

Parametern wir der Uhrzeit der Antwort werden vorgestellt und diskutiert.
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DD 3.2 Mon 10:35 DD-H9
Eye-Tracking-basierte Gestaltung und Evaluation von Mixed Reality Expe-
rimentierumgebungen — ∙Dörte Sonntag und Oliver Bodensiek — Abt.
Physik und Physikdidaktik, Institut für Fachdidaktik der Naturwissenscha�en,

TU Braunschweig

Mixed Reality (MR) nimmt eine immer prominentere Rolle als Lerntech-

nologie in den Naturwissenscha�en ein, da sie insbesondere beim Experi-

mentieren unterstützen kann. Durch die direkte Integration von virtuellen

Elementen in die reale Experimentierumgebung kann das Verständnis der

Lernenden verbessert werden. Aktuelle brillenbasierte MR-Hardware bietet

ein integriertes Eye-Tracking, das zur Gestaltung und Evaluation von MR-

Experimentierumgebungen sinnvoll genutzt werden kann. Basierend auf Eye-

Tracking-Daten aus einer realen Experimentierumgebung wird das Vorgehen

der Lernenden untersucht und eine MR-Experimentierumgebung kreiert, die

insbesondere Novizen derart unterstützen soll, dass sie Problemlösestrategien

anwenden, die sonst eher von Experten angewandt werden. Der Erfolg im expe-

rimentellen Problemlösen der Probanden in der MR-Umgebung ist dabei signi-

�kant höher als bei Probanden ohne MR und wird von signi�kanten visuellen

Aufmerksamkeitsverschiebungen begleitet.Weiterhin kann gezeigt werden, dass

Novizen mit Unterstützung von MR im experimentellen Problemlösen deutlich

strukturierter vorgehen.

DD 3.3 Mon 10:55 DD-H9
Die Rolle räumlicher Kontiguität beim Lernen am Experiment — ∙Paul
Schlummer

1
, AdrianAbazi

2
, Jonas Lauströer

3
, Rasmus Borkamp

3
, Rein-

hard Schulz-Schaeffer
3
, Wolfram Pernice

2
, Carsten Schuck

2
, Stefan

Heusler
1
und Daniel Laumann

1
—

1
Institut für Didaktik der Physik, WWU

Münster —
2
Center for Nanotechnology, WWU Münster —

3
Department De-

sign, HAW Hamburg

Multimediales Lernen wird o� in Zusammenhang mit sogenannten neuen oder

digitalenMedien diskutiert und häu�g imRahmen der Cognitive�eory ofMul-

timedia Learning (CTML) modelliert. Diese ist für viele klassische Repräsenta-

tionsformen (Text & Bild) in verschiedenen medialen Umsetzungen untersucht

worden. Aus physikdidaktischer Sicht decken die im Rahmen der CTML disku-

tiertenMedien- undRepräsentationsformen jedoch nur einen Teil der fachspezi-

�schen Lernsituationen ab und insbesondere die wichtige Rolle von Experimen-

ten als Lernmedium wird meist nicht einbezogen. Der Vortrag präsentiert die

Ergebnisse einer Studie, die die Übertragbarkeit des räumlichen Kontiguitäts-

prinzips multimedialen Lernens der CTML auf Lernsituationen am realen Expe-

riment untersucht. Hierzu wurde eine Augmented-Reality (AR)-Lernumgebung

zum �ema Polarisation und Verschränkung entwickelt. Durch Variation der

Positionen der zusätzlichen Visualisierungen wurde der Ein�uss des Grades

an räumlicher Kontiguität zwischen Experiment und Modellvisualisierungen in

einer quasi-experimentellen Vergleichsstudie untersucht. Ergebnisse bezüglich

Lernzuwachs & kognitiver Belastung werden vorgestellt.

DD 4: Lehr-Lernforschung - Schülervorstellungen Science
Time: Monday 10:15–11:15 Location: DD-H10

DD 4.1 Mon 10:15 DD-H10
Certain about uncertainty – Students’ ability to compare data sets— ∙Karel
Kok and Burkhard Priemer—Humboldt-Universität zu Berlin
Measurement uncertainties are an essential part of a measurement result. It re-

�ects the quality of the data and allowsmeasurement results to be compared.�e

topic is, however, rarely addressed in secondary school education and students

struggle a lot with variance in data sets. �e aim of this Ph.D. project was two-

fold: to �nd out what conceptual knowledge about measurement uncertainties

students need to correctly compare data sets and to see at what grade level the

topic can be introduced. To do this, we have developed a Digital Learning En-

vironment (DLE) on the topic of measurement uncertainties. In our study with

154 participants of grades 8 through 11 in Germany, we have used the DLE in a

pre–post design.

�e pre and post-test consist of a data comparison problem and a compe-

tency test.�e main focus of the talk will be on the analysis of the justi�cations

from the data comparison problem. We have coded the justi�cations in terms

of the quantity that participants compare and the deciding criterion. �e code

distributions give a quick and �ne-grained overview of what students do when

comparing data sets and, hence, indicate their understanding of measurement

uncertainties.

Results show that the DLE has a very positive e�ect on participants’ ability to

compare data sets and dramatically improves the quality of justi�cations. Also,

we �nd that the topic can be successfully introduced as early as 8th grade.

DD 4.2 Mon 10:35 DD-H10
Die Förderung des Naturwissenscha�sverständnisses am außerschulischen
Lernort — ∙Jessica Oertel und Cornelia Denz — Westfälische Wilhelms-
Universität Münster, Institut für Angewandte Physik -MExLab Physik, Correns-

str. 2-4, 48149 Münster

Am ExperimentierlaborMExLab Physik derWWUMünster werden neben viel-

fältigen Angeboten für Schüler*innen auch Projektkurse in Kooperation mit

Münsteraner Schulen durchgeführt. Das Konzept des Projektkurses bietet die

Möglichkeit extracurriculare �emen aus mindestens zwei Fächern für Schü-

ler*innen aufzubereiten und so auch wissenscha�stheoretische Aspekte zu the-

matisieren. Am Experimentierlabor MExLab Physik wird das Konzept des Pro-

jektkurses seit mehreren Jahren erfolgreich durchgeführt und weiterentwickelt.

Ziel ist es, die teilnehmenden Schüler*innen durch die Kombination der Fä-

cher Physik und Philosophie bzw. Religion anhand spannender und aus dem

Schulunterricht unbekannter Experimente zum kritischen Denken anzuregen

und das Wesen der Naturwissenscha�en zu entdecken. Der Fokus liegt auf der

experiment-basierten Auseinandersetzungmit Fragestellungen aus dem Bereich

der Nichtlinearen Physik: Die Phänomene der Strukturbildung und des Chaos

bieten besondere Einblicke in den Zusammenhang zwischen Ursache und Wir-

kung in der Natur und ermöglichen ein vertie�es Verständnis für die Natur der

Naturwissenscha�. Mit welchem Verständnis die teilnehmenden Schüler*innen

in den Projektkurs einsteigen, wird in mehreren Durchgängen mithilfe von In-

terviews erhoben und qualitativ ausgewertet

DD 4.3 Mon 10:55 DD-H10
Wissenscha�swerkstatt: Entwicklung von Schülervorstellungen zur Person
des Naturwissenscha�lers in der Sekundarstufe 1 — ∙Claudia Haagen-
Schützenhöfer und Thomas Schubatzky— Institut für Physik, Universität

Graz, Graz, Austria

Verschiedenste Forschungsergebnisse zeigen, dass Schüler:innen stereotypeVor-

stellungen über Naturwissenscha�ler:innen und deren Tätigkeitsfelder haben

bzw. entwickeln, die ihr eigenes Verhältnis zu Naturwissenscha�en nachhaltig

beein�ussen. Das Projekt Wissenscha�swerkstatt der gemeinnützigen Sti�ung

Kaiserschild, das vom Fachdidaktikzentrum Physik der Universität Graz wis-

senscha�lich begleitet wird, setzt einen Fokus auf Aspekte des Wissenscha�s-

verständnisses und dessen Entwicklung bei Schüler:innen der Sekundarstufe 1.

Im Projekt werden Mittelschulklassen über 4 Jahre an vier Halbtagen pro Jahr

von Lehramtsstudierenden besucht und es wird zu einemMINT�ema gemein-

sam gearbeitet und experimentiert. Zudem ist es ein Ziel, die Sichtweise der

Schüler:innen auf bestimmte Aspekte von NOS zu schärfen. Die Entwicklung

von Schülervorstellungen bezogen auf die Vorstellungen über die Person der/des

Wissenscha�ler:innen wurde u.a. durch die Draw-a-Scientist Methode erhoben.

Hierbei zeigen sich spannende Entwicklungsverläufe über die Projektjahre hin-

weg.

DD 5: Hochschuldidaktik - Studieneingangsphase Fachwissen
Time: Monday 10:15–11:15 Location: DD-H11

DD 5.1 Mon 10:15 DD-H11
Physikalisches Vorwissen in Physik-Nebenfachveranstaltungen — ∙Kevin
Schmitt und Verena Spatz— Technische Universität Darmstadt
Aktuelle Forschungsergebnisse u.a. im Zusammenhang mit den tendenziell ho-

hen Misserfolgs- bzw. Abbruchquoten in Physik belegen immer wieder, dass be-

sonders mathematische aber auch physikspezi�sche (Vor-)Kenntnisse erhebli-

chen Ein�uss auf den Studienerfolg haben können. Dabei konzentrieren sich die

bisherigen Erhebungen vorwiegend auf Studierende im Hauptfach (z. B. Mül-

ler et. al 2018), während für die Gruppe der Physik-Nebenfachstudierenden, die

im Hinblick auf voruniversitäre Bildungsgänge besonders heterogen ist, kaum

empirische Erkenntnisse vorliegen.

Vor diesem Hintergrund wurde ein Vorwissenstest entwickelt, um

zunächst das physikalische Vorwissen von Studierenden in Physik-

Nebenfachveranstaltungen zu untersuchen. Basierend auf der theoretischen

Grundlage nach Hailikari, wird das physikalische Wissen dabei in verschiedene

Wissensbereiche und Inhaltsfelder segmentiert. Es konnte auf bereits bestehende
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Messinstrumente (ALSTER-Projekt: Binder et al. 2020) zurückgegri�en werden,

die zielgruppengerecht adaptiert wurden.

Der Vorwissenstest wurde imWintersemester 21/22 in vier Lehrveranstaltun-

gen an der TU Darmstadt pilotiert. Neben einer kurzen Erläuterung der Test-

konstruktion werden im Beitrag ausgewählte Ergebnisse der Pilotierung und die

daraus folgenden Konsequenzen für die Testkonstruktion präsentiert.

DD 5.2 Mon 10:35 DD-H11
Mindestanforderungskatalog Physik — ∙Hanno Käss1, Tilmann Berger2,
Manuela Boin

3
, Kim Fujan

4
, Marc Güssmann

5
, Edme Hardy

6
, Flori-

an Karsten
7
, Gerrit Nandi

8
, Ronny Nawrodt

9
, Carsten Raudzis

10
, Ina

Rieck
11
, Florian Schifferer

12
, Stefan Schwarzwälder

13
und Stefanie

Walz
14
—

1
Hochschule Esslingen —

2
Gymn. Renningen —

3
TH Ulm —

4
Gewerbl. Schule Ehingen —

5
Lessing-Gymn. Winnenden —

6
MINT-Kolleg

KITKarlsruhe—
7
Seminar Stuttgart—

8
DHBWHeidenheim—

9
Univ. Stuttgart

—
10
Hochschule Reutlingen —

11
Grafenbergschule Schorndorf —

12
Gewerbl.

Schule Göppingen —
13
Carl-Engler-Schule Karlsruhe —

14
Gertrud-Luckner-

Gewerbeschule Freiburg

Erstsemester im Bereich der WiMINT-Studiengänge (Wirtscha�, Mathematik,

Informatik, Naturwissenscha�, Technik) an den Hochschulen für Angewand-

te Wissenscha�en (HAW) in Baden-Württemberg haben zu Studienbeginn sehr

heterogene Kenntnisse in Mathematik und Physik. Dies erschwert den Über-

gang Schule-Hochschule. Die Arbeitsgruppe coshMathematik hat hier 2014 mit

ihremMindestanforderungskatalog Pionierarbeit geleistet. Er beschreibt mathe-

matische Kenntnisse und Fertigkeiten, die Erstsemester zur erfolgreichen Auf-

nahme eines WiMINT-Studiums besitzen sollten. In Analogie dazu wurde nun

2019 eine paritätisch aus den Bereichen Schule und Hochschulen zusammen-

gesetzte Arbeitsgruppe cosh Physik gegründet. Die Vorarbeiten der HAWs an

einem Mindestanforderungskatalog Physik wurden von ihr weitergeführt und

im Oktober 2021 zu einem Abschluss gebracht. Der Beitrag stellt den damit er-

reichten Stand vor.

DD 5.3 Mon 10:55 DD-H11
Lösungsbeispiele für die Studieneingangsphase Physik — ∙Kai Cardinal1,
Andreas Borowski

3
, Julia Franken

2
, Philipp Schmiemann

2
und Heike

Theyssen
1
—

1
Universität Duisburg-Essen, Didaktik der Physik—

2
Universität

Dusiburg-Essen, Didaktik der Biologie —
3
Universität Potsdam, Didaktik der

Physik

In der Studieneingangsphase Physik spielt das fachspezi�sche Wissen eine zen-

trale Rolle für den Studienerfolg. Es konnte gezeigt werden, dass in Physik ne-

ben dem Konzeptverständnis insb. die Fähigkeit zur Wissensanwendung, d.h.

das Finden eines geeigneten Ansatzes und die Ausarbeitung der Lösung un-

ter Nutzung allgemeiner Rechenfähigkeiten, den Studienerfolg vorhersagt. Im

Verbundprojekt EASTER (Ein�uss der Förderung spezi�scher Wissensarten auf

Studienerfolg in Biologie undPhysik) sollen deshalb diese Fähigkeiten gezieltmit

Hilfe von Lösungsbeispielen gefördert werden. Die Lösungsbeispiele orientie-

ren sich strukturell an dem physikalisch-mathematischen Modellierungskreis-

lauf von Trump. Inhaltlich beziehen sie sich auf�emen des ersten Fachsemes-

ters, insb. die Mechanik. Die Lösungsansätze lassen sich den Basiskonzepten aus

den Bildungsstandards im Fach Physik für die gymnasiale Oberstufe zuordnen.

Im Vortrag wird anhand konkreter Beispiele die systematische Konzeption der

Lösungsbeispiele diskutiert.

DD 6: Quantenphysik - Experimente
Time: Monday 10:15–11:15 Location: DD-H12

DD 6.1 Mon 10:15 DD-H12
Wirkung eines quantenphysikalischen Realexperiments auf die physikali-
scheArgumentation— ∙MoritzWaitzmann, Rüdiger Scholz und Susanne

Wessnigk— Leibniz Universität Hannover
Einzelne Photonen erzeugen im Interferometer Interferenzen, sind aber am

Strahlteiler nicht teilbar. Dieses Phänomen istmit klassischer Physik nichtwider-

spruchsfrei erklärbar. Die Erklärung bedarf quantenphysikalischer Argumen-

te. Lernende verwenden jedoch häu�g das semiklassische Argument des Welle-

Teilchen Dualismus: Quantenobjekte seien zugleichWelle und Teilchen, erst das

Experiment entscheide, welches Merkmal vorliegt. Eine Möglichkeit, die Sicht-

weise experimentell infrage zu stellen, ist die Betrachtung eines Experiments mit

der Kombination eines Einzelphotonen-Strahlteils mit einem Einzelphotonen-

Interferometer: Unteilbarkeit und Interferenzfähigkeit sind gleichzeitig beob-

achtbar. Die notwendige quantentheoretische Erklärung basiert auf drei Grund-

prinzipien der Quantenphysik: Probabilistik, Superposition und Interferenz

(PSI). Inwieweit die Diskussion dieses Experiments und seiner Ergebnisse zu ei-

ner Veränderung der Argumentation der Lernenden führt, ist bisher unbekannt.

Im Vortrag werden erste Ergebnisse einer Studie mit 80 Studierenden (2. Semes-

ter Physik) im Mixed-Methods Design vorgestellt.

DD 6.2 Mon 10:35 DD-H12
Ein spielerischer Einstieg in die Quantenprogrammierung mit QuantumVR
— ∙Franziska Greinert1, Tobias Voss2, Rainer Müller

1
, Linus Krieg

2
,

Gowtham Muthusamy
1
, Franziska Rücker

3
und Klaus Bock-Müller

3

—
1
TU Braunschweig, Institut für Fachdidaktik der Naturwissenscha�en, Ger-

many —
2
TU Braunschweig, Institut für Halbleitertechnik, LENA, Germany —

3
SZENARIS GmbH, Bremen, Germany

Im Projekt QuantumVR entwickeln wir ein VR-Spiel für den Einstieg in die

gatterbasierte Quantenprogrammierung. Quantencomputing hat in den letzten

Jahren deutlich an Bekanntheit gewonnen, auch in der breiten Bevölkerung. Im

Rahmen der *Quantum aktiv* Outreach-Initiative sollen Hemmungen gegen-

über dieser neuen, scheinbar rätselha�en, vielleicht sogar beängstigenden Tech-

nologie abgebaut und Interesse geweckt werden.

Unser Ansatz ist ein Spiel mit Escape-Elementen in virtueller Realität (VR).

Kleine Quantenalgorithmen müssen durch Platzieren einfacher Quantengatter

(X, H und CX) gelöst werden, um Tiere zu befreien. Eingesetzt werden soll

das Spiel bei Events wie Hochschulinformationstagen, aber auch in Workshops

mit anschließender Aufbereitung der Inhalte. Die Zielgruppe sind hauptsächlich

Schülerinnen und Schüler der Oberstufe, aber auch der Einsatz in der Hoch-

schullehre für den Einstieg in die Quantengatter ist denkbar. Vorgestellt werden

das Spiel und erste Erfahrungen aus dem Einsatz.

DD 6.3 Mon 10:55 DD-H12
Entwicklung von Analogie-Experimenten zum quantenmechanischen Mess-
prozess — ∙Stefan Aehle1, Philipp Scheiger1,2 und Holger Cartarius1
—

1
AG Fachdidaktik der Physik und Astronomie, Friedrich-Schiller-Universität

Jena, 07743 Jena —
2
Physik und ihre Didaktik, Universität Stuttgart

Trotz steigender Relevanz der Quantenphysik und -technologien für Wirtscha�

und Gesellscha� fehlt es noch immer an vielfältigen Lehr-Lern-Materialien zur

Unterstützung der Quantum Education - sei es für den schulischen Physikun-

terricht oder die Hochschullehre. Analogie-Experimente können hilfreich sein,

um den nichtklassischen Charakter der Quantenphysik zu veranschaulichen. Im

Rahmen dieser Arbeit werden verschiedene Anwendungen entwickelt, die quan-

tenmechanische Phänomenemodellieren und dabei aufzeigen, dass Quantenob-

jekte sich vollkommen anders als klassische verhalten, indem aufgedeckt wird,

wie in das Verhalten der klassischen Objekte eingegri�en werden muss, um z.B.

die korrekte Statistik einer quantenphysikalischen Messung zu reproduzieren.

Ein erster Aufbau aus 3d-Druck, Arduino-Mikrocontrollern und NFC-Chips

zur Klärung von Grundbegri�en wie Zustand, Präparation und Messung wird

hier vorgestellt und diskutiert. Darauf aufbauend sollen in Zukun� weiterfüh-

rendeAnalogversuche zu�emenwieVerschränkung, versteckte Parameter und

Quantenkryptographie entstehen.

DD 7: Postersession 1: Anregungen aus dem Unterricht für den Unterricht
Time: Monday 11:30–12:30 Location: P

DD 7.1 Mon 11:30 P
Nachbau eines Termitenhügels als Projekt zur Wärmelehre — ∙Sara
Wilhelm

1
und ThomasWilhelm

2
—

1
Universität Würzburg —

2
Institut für

Didaktik der Physik, Goethe-Universität Frankfurt

Klimawandel und Ressourcenverbrauch stellen die Menschheit vor große tech-

nische Herausforderungen. Die Bionik beschä�igt sich damit, die Natur als Vor-

bild für die Technik zu nehmen. Gerade im Baubereich gilt es, CO2 und Energie

einzusparen. Die Baubionik beschreibt das Übertragen von Phänomenen aus der

Natur auf technische Funktionen, die für die Architektur und Funktionen eines

Gebäudes relevant sein können. Damit liefert sie auch interessante Anwendun-

gen für den Physikunterricht.

Ein bekanntes Beispiel aus der Baubionik ist der Termitenhügel. Die Termiten

mögen es in ihrem Bau bei niedriger und vor allem konstanter Temperatur und

brauchen im Innern genügend Sauersto�. Dies erreichen sie u.a. durch einen

geschickten Einsatz von Konvektion.

Auf dem Poster wird der Nachbau eines Termitenhügels mit einfachen Mit-
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teln gezeigt. Daran können mit einfachen Messungen Inhalte der Wärmelehre

veranschaulicht werden. Dazu gehört die Wärmespeicherfähigkeit und Wärme-

leitfähigkeit, aber auch Konvektion und der Kamine�ekt zur passiven Kühlung.

Das Poster zeigt denNachbau eines Termitenhügels sowie aufgenommeneMess-

werte und Wärmebilder mit der FLIR ONE-App eines Smartphones.

DD 7.2 Mon 11:30 P
Auseinandersetzungen mit Idealisierungen im Physikunterricht — ∙Fabian
Ramme

1
und JanWinkelmann

2
—

1
Goethe Universität Frankfurt amMain—

2
Pädagogische Hochschule Schwäbisch Gmünd

Im Physikunterricht liegen Idealisierungen stets dem Modellieren und Experi-

mentieren zugrunde. Inwiefern Lehrkrä�e die Bedeutung von Idealisierungen in

ihrem Unterricht zu einem expliziten Lerngegenstand machen, ist weitgehend

unklar. Mithilfe leitfadengestützter Interviews (n = vier Physiklehrkrä�e) wur-

den unter Zuhilfenahme der qualitativen Inhaltsanalyse Kategorien identi�ziert,

die die unterrichtspraktische Auseinandersetzung mit Idealisierungen beschrei-

ben.

Es zeigt sich, dass Idealisierungen bei den interviewten Lehrkrä�en meist

einen impliziten Lerngegenstand darstellen. Darüber hinaus wurden sehr indi-

viduelle Herangehensweisen durch die Lehrkrä�e berichtet, u.a. plastische Ver-

anschaulichung von Idealisierungen, tagesaktuelle Bezüge sowie die historische

Darstellung naturwissenscha�licher Erkenntnisgewinnung.

Gleichzeitig wurden einige Bedenken zur Auseinandersetzung mit Idealisie-

rungen thematisiert. Die Sorge, Irritationen zu sti�en oder die Annahme, Schü-

ler*innen seien nicht in der Lage mit Idealisierungen adäquat umzugehen, füh-

ren stellenweise dazu, dass diese von Lehrkrä�en bewusst verborgen werden.

Diese und weitere Ergebnisse der Interview-Studie werden auf dem Poster

präsentiert.

DD 7.3 Mon 11:30 P
On Phase Transitions in the Early Universe — Hans-Otto Carmesin

1,2,3

and ∙Philipp Schöneberg1 — 1
Gymnasium Athenaeum, Harsefelder Straße

40, 21680 Stade —
2
Studienseminar Stade, Bahnhofstr. 5, 21682 Stade —

3
Universität Bremen, Fachbereich 1, Postfach 330440, 28334 Bremen

We summarize a covariant quantized �eld equation for the elements of space-

time. Using that equation and the droplet model, we derive phase transitions in

the early universe. Moreover, we compare with three other derivations of these

phase transitions using

(1) the van der Waals concept

(2) a connectivity of space concept,

(3) a bose gas.

We report about corresponding lessons and experience in a research club.

See e. g. Carmesin, H.-O. (March 2021): Quanta of Spacetime Explain Obser-

vations, Dark Energy, Gravitation and Nonlocality. Berlin: Verlag Dr. Köster,

Carmesin, H.-O. (2019): Die Grundschwingungen des Universums -�e Cos-

mic Uni�cation - With 8 Fundamental Solutions based on G, c and h - With

Answers to 42 Frequently Asked Questions. Berlin: Verlag Dr. Köster.

DD 7.4 Mon 11:30 P
An Easliy Comprehensible Analysis of the Anthropogenic Climate Change
— Hans-Otto Carmesin

1,2,3
and ∙Jannis von Bargen

1,4
—

1
Gymnasium

Athenaeum, Harsefelder Straße 40, 21680 Stade —
2
Studienseminar Stade,

Bahnhofstr. 5, 21682 Stade —
3
Universität Bremen, Fachbereich 1, Postfach

330440, 28334 Bremen —
4
Brecht-Schule, Norderstraße 163, 20097 Hamburg

In the following article we would like to point out the problem of the drastic

increase in temperature due to climate change, and we present it in a compre-

hensible way. Anthropogenic climate change is a change in global temperature

caused solely by human activity.

�e starting point for our calculations is the worldwide average emission of

carbon dioxide, which is 4.8 tons per person per year. To solve the problems of

prediction, forecast, responsibility and traceability we use the Stefan-Boltzmann

law, a power law describing the absorption, descriptions of other greenhouse

gases and corresponding calculations, models, spreadsheets as well as diagrams.

DD 7.5 Mon 11:30 P
An Observation Station for Geomagnetism and Magnetic Storms − A
Project in a Research Club — ∙Florian von Bargen

1,4
and Hans-Otto

Carmesin
1,2,3

—
1
Gymnasium Athenaeum, Harsefelder Straße 40, 21680 Stade

—
2
Studienseminar Stade, Bahnhofstr. 5, 21682 Stade —

3
Universität Bremen,

Fachbereich 1, Postfach 330440, 28334 Bremen—
4
Brecht-Schule, Norderstraße

163, 20097 Hamburg

�e project deals with the measurement and prediction of solar storms. Solar

storms are the resultant phe- nomena of a solar �are. Violent solar storms can

cause power outages, paralyze satellites and air tra�c. �is would lead to un-

pleasant restrictions in our daily life, and cause high costs.

�e project deals with themeasurement of these storms by recordingmagnetic

�elds with a �uxgate sensor. Based on this, a forecast can then be made regard-

ing frequency and intensity. One sensor is already stationary. It delivers data

permanently online in 80cm soil depth.�e measurement results of the station

are close to those of the metrology institute of the Federal Republic of Germany

(PTB) in terms of measurement accuracy or measurement �uctuations. We re-

port about results and experiences.

DD 8: Postersession 1: Bildung für nachhaltige Entwicklung
Time: Monday 11:30–12:30 Location: P

DD 8.1 Mon 11:30 P
Bestimmung der Reliabilität eines Klimawandel-Konzepttests —

∙Marko Jedamski
1
, Carina Wöhlke

1
, Rainer Wackermann

1
, Tho-

mas Schubatzky
2
, Claudia Haagen-Schützenhöfer

2
, Hannes Kasimir

Lindemann
1
und Kai Cardinal

1
—

1
Ruhr-Universität Bochum, AG Didaktik

der Physik, Deutschland—
2
Karl-Franzens-Universität Graz, Institut für Physik,

Fachbereich Physikdidaktik, Österreich

Um den Wissensstand und die Vorstellungen deutschsprachiger Schülerinnen

und Schüler zu naturwissenscha�lichen Grundlagen des Klimawandels feststel-

len zu können, werden geeignete Testinstrumente benötigt. Für die Entwicklung

eines solchen, validen Klimawandel-Konzepttests wurden zentrale fachliche In-

halte identi�ziert, o�ene Fragen entwickelt und schließlich Distraktoren und At-

traktoren aus über 30 Interviews abgeleitet. Anschließendwurde der Konzepttest

bei insgesamt rund 200 Schüler:innen, Studierenden und Expert:innen pilotiert.

Als Teil der Pilotierungwerden imBeitrag die Ergebnisse der Prä-Post-Erhebung

einer Studierendengruppe vorgestellt, deren Ziel es war, die Reliabilität des Test-

instruments zu untersuchen. Dabei wurde zur Schätzung der Retest-Reliabilität

das Testverfahren an der gleichen Stichprobe zweimal durchgeführt und die Kor-

relation der Testwerte aus beiden Durchgängen berechnet. Berücksichtigt wurde

hierbei, dass allen Testpersonen zwischen erstem und zweitem Testpunkt durch

das Nennen von sogenannten Klimafakten in der Vorlesung Lerngelegenhei-

ten angeboten wurden und sich somit systematische Veränderungen der wahren

Personenwerte ergaben.

DD 8.2 Mon 11:30 P
Closing the science-action gap: Kann ein Schülerlabor zur Verbesserung von
Fachwissen und Klimawandel-Bewusstheit beitragen? — ∙Jonathan Grot-
haus, Markus Elsholz und Thomas Trefzger— Lehrstuhl für Physik und

ihre Didaktik, Julius-Maximilians-Universität Würzburg

Der Klimawandel und dessen Folgen sind ein komplexes �ema für Schü-

ler:innen, die früher oder später selbst den Wandel der Gesellscha� gestal-

ten. Von Interesse ist daher, inwiefern sich Fachwissen und Einstellung der

Schüler:innen zum�ema durch gezielte Intervention beein�ussen lassen. An

der JMU soll ein zweitägiges, fächerübergreifendes Schülerlabor Labs4Future

am M!ND-Center entwickelt werden. Zielgruppe ist die 9. Jahrgangsstufe aller

Schularten. Das Labor gliedert sich in den Besuch der Wissenscha�sausstellung

TouchScience, zwei je vierstündigen Labordurchführungen und eineVorstellung

von Ausbildungs- und Berufsperspektiven, mit denen die Schüler:innen selbst

Teil des Wandels sein können. In den Durchführungen sollen Ursachen und

Wirkmechanismen des anthropogenen Treibhause�ekts und die Klimamodellie-

rung, sowie Folgen undWirksamkeit von Klimaschutzmaßnahmen thematisiert

werden. Ein Ziel der Untersuchung ist es, herauszu�nden, ob sich bezüglich der

(Teil-)Merkmale von Fachwissen und Einstellung bestimmtemarkante Gruppen

unter den Schüler:innen identi�zieren lassen. Das Angebot soll dann entspre-

chend angepasst werden, sodass diese Teilgruppen jeweils in ihren Schwächen

adressiert werden können. Auf dem Poster werden das Schülerlabor, die Ideen

für die Materialien und das Forschungskonzept, vorgestellt.
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DD 9: Postersession 1: Geschichte der Physik / Nature of Science
Time: Monday 11:30–12:30 Location: P

DD 9.1 Mon 11:30 P
Vorstellungen von Schüler_innen zur Tätigkeit von Forschenden in der Phy-
sik — ∙Moritz Kriegel und Verena Spatz— Technische Universität Darm-

stadt
Schüler_innen haben ein stark verkürztes Bild von denArbeitsweisen und Tätig-

keiten von Naturwissenscha�ler_innen, was zu naiven, stereotypischen Vorstel-

lungen über dieses Berufsfeld führt (Wentorf et al., 2015). Besonders die theore-

tische Physik spielt bei den Vorstellungen der Lernenden über Physik eine stark

untergeordnete Rolle und wurde in den Modellen der empirischen Forschung

bisher eher vernachlässigt (Heine & Pospiech, 2015). Diese unvollständigen Vor-

stellungen über den physikalischen Forschungsalltag können zu unre�ektierten

Entscheidungen hinsichtlich der späteren Berufswahl führen. Die volitionalen

Laufbahnentscheidungen für oder gegen die Naturwissenscha�en hängen dabei

zudem auch vom Interesse und den Selbstwirksamkeitserwartungen der Lernen-

den in diesem Bereich ab (Taskinen, 2010).

Daher werden in einem Forschungsprojekt zunächst die Tätigkeiten von

Physiker_innen in einem Sonderforschungsbereich der Kern- und Astrophy-

sik mittels Interview- und Fragebogenstudie di�erenziert erfasst, um auf dieser

Grundlage das RIASEC+NModell für diesen Bereich zu spezi�zieren.Mit dieser

theoretischen Fundierung soll anschließend eine Projektwoche konzipiert wer-

den, welche die unzureichenden Vorstellungen der Schüler_innen hierzu adres-

siert und ein ganzheitliches Bild des Spektrums an Tätigkeiten vermittelt. Auf

dem Poster werden das Forschungsdesign sowie erste Ergebnisse der Befragung

von Forschenden des SFB vorgestellt.

DD 10: Postersession 1: Lehr- und Lernforschung
Time: Monday 11:30–12:30 Location: P

DD 10.1 Mon 11:30 P
Physikbezogene Mindsets in der gymnasialen Oberstufe — ∙Laura
Goldhorn

1
, ThomasWilhelm

1
und Verena Spatz

2
—

1
Goethe-Universität

Frankfurt, Deutschland —
2
TU Darmstadt, Deutschland

Als Überzeugung zur Intelligenz wirkt sich das Mindset darauf aus, wie Schü-

ler*innen mit (herausfordernden) Lernsituationen umgehen: während ein Fixed

Mindset bei Herausforderungen schnell zum Aufgeben führen kann, lassen sich

Schüler*innenmit einemGrowthMindset von schwierigen Aufgaben und Lern-

situationen nicht abschrecken. Diese Reaktion ist unabhängig vom jeweiligen

Könnens- und Wissensstand der Schüler*innen.

Ob Schüler*innen ein Fixed oder Growth Mindset haben, wird in den meis-

ten Studien über einen allgemeinen Fragebogen bestimmt: wer Aussagen wie

*Intelligenz bleibt gleich, auch wenn man viel lernt und übt* ablehnt, hat ein

Growth Mindset. In einer Erhebung mit Oberstufenschüler*innen in Hessen (N

= 760) wurde zusätzlich zur Überzeugung zur allgemeinen Intelligenz nach den

fachbezogenen Überzeugungen zu Begabung und Anstrengung in Physik ge-

fragt, um das Mindset bezogen auf Physik zu untersuchen. Die Ergebnisse die-

ser Mindset-Erhebung ermöglichen eine erste Untersuchung der fachbezogenen

Mindset-Charakteristika, unter anderem den Zusammenhang zwischen physik-

bezogenem Mindset und der Wahl von Grund- oder Leistungskurs, sowie gen-

derbezogene Unterschiede.

DD 10.2 Mon 11:30 P
Der didaktische Nutzen von Feynman-Diagrammen — ∙Merten

Dahlkemper
1,2
, Pascal Klein

2
, Andreas Müller

3
, Sascha Schmeling

1

und JeffWiener
1
—

1
CERN—

2
Universität Göttingen —

3
Universität Genf

Feynman-Diagramme sind als Repräsentationsform aus der Teilchenphysik

nicht wegzudenken. Auch dank der Popularisierung durch Feynman selbst ha-

ben diese Diagramme eine große Bekanntheit weit über die wissenscha�liche

Community hinaus erlangt. Innerhalb der Physikdidaktik sind in den letzten

Jahren Debatten darüber entstanden, ob und wenn ja wie diese spezielle Re-

präsentationsform zur Vermittlung teilchenphysikalischer Inhalte in der Schule

genutzt werden kann. In diesem Projekt wird deshalb mittels Design-Based Re-

search erforscht, welche teilchenphysikalischen Inhalte geeignet sind, um die-

se mit Feynman-Diagrammen für Oberstufenschüler:innen verständlich zu ma-

chen und die eine Einführung dieser Repräsentationsform didaktisch rechtfer-

tigen würden. Das Ziel der Forschung ist zweigeteilt: Einerseits entstehen Lehr-

Lernmaterialien, hier im Bereich Teilchenphysik mit dem Ziel des Einsatzes in

einemMassive Open Online Course (MOOC). Andererseits trägt die Forschung

zu Erkenntnissen über Lehr-Lern-Prozesse, hier die Wahrnehmung von Reprä-

sentationen in der Physik bei.

In diesem Poster werden Ergebnisse von Expert:inneninterviews vorgestellt,

die Hinweise darauf geben, welche�emen grundsätzlich geeignet sind, um die-

se anhand von Feynman-Diagrammen zu erklären sowie ein Ausblick auf die

weitere Forschung gegeben.

DD 10.3 Mon 11:30 P
Automatische Textanalyse von Schülerantworten auf o�ene Physikfragen—
∙Fabian Kieser und PeterWulff— Pädagogische Hochschule Heidelberg

Durch Natural Language Processing (NLP), einem Teilbereich der Künstlichen

Intelligenz Forschung, ist es Computern möglich, natürliche Sprache zu analy-

sieren. Zahlreiche, aus dem Alltag bekannte Anwendungen, wie den Spam�l-

ter der E-Mail Programme, Übersetzungsso�ware, Chatbots oder persönliche

Sprachassistenten auf verschiedenen technischen Geräten, greifen auf Metho-

den des NLP zurück, um natürliche Sprache automatisch zu verarbeiten. Um

eine maschinelle Analyse möglich zu machen, werden Dokumente typischer-

weise in einen Vektorraum abgebildet, sodass diese geclustert oder klassi�ziert

werden können. Diese Verfahren bieten auch für die Physikdidaktik besonde-

re Potentiale. Der vorliegende Beitrag prü�, welche Möglichkeiten ausgewählte

Methoden dermaschinellen Textanalyse bieten, um Schülerantworten auf o�ene

Physikfragen zu analysieren. Insbesondere wird überprü�, inwieweit die auto-

matische Identi�kation undKlassi�kationmit Erkenntnissen der Physikdidaktik

erklärbar sind. Auf dem Poster werden die Umsetzung der einzelnenMethoden,

sowie deren Ergebnisse vorgestellt. Darüber hinaus werden Möglichkeiten für

den Einsatz im schulischen Kontext diskutiert.

DD 10.4 Mon 11:30 P
Ein�uss biologischer und technischerKontexte auf das situationale Interesse:
Ein empirischerVergleich— ∙Johannes Lewing, PascalKlein und Susanne

Schneider—Universität Göttingen

Zur Förderung des Interesses an physikalischen Inhalten wird zunehmend auf

kontextorientierten Unterricht gesetzt. Durch den Bezug zur Lebenswelt soll die

persönliche Relevanz fachlicher Inhalte für Schülerinnen und Schüler erfahr-

bar gemacht werden. Der positive E�ekt kontextorientierten Lernens auf a�ek-

tive Schülermerkmale konnte im Vergleich zu traditionellen Unterrichtsansät-

zen mehrfach bestätigt werden. Weniger erforscht ist die Frage, inwiefern sich

die spezi�sche Wahl eines Kontexts auf das Interesse beim Lernen auswirkt und

welche Kontext- bzw. Personenmerkmale dies beein�ussen. Zur Beantwortung

dieser Frage, wurde eine StudiemitN= 315 Schülerinnen und Schülern durchge-

führt, in der Lernaufgaben zum Basiskonzept Energie in technischen und bio-

logischen Kontexten bearbeitet werden. Es zeigt sich, dass die Einbettung der

physikalischen Inhalte in einen�emenbereich, für den bereits individuelles In-

teresse vorliegt, besonders die emotionale Komponente des situationalen Inter-

esses fördert. Aber auch die für die stabile Interessenentwicklung entscheidende

wertbezogene Komponente kann durch den passenden Kontext positiv beein-

�usst werden. Im Beitrag werden Implikationen für die Schulpraxis und For-

schungsdesiderate diskutiert.

DD 10.5 Mon 11:30 P
Zusammenhänge zwischen dem Blickverhalten und der Antwortsicherheit
beim Lösen von Aufgaben zum Graphenverständnis — ∙Hanna Blumen-
thal, Sascha Schroeder und Pascal Klein — Universität Göttingen,

Deutschland
Die Antwortsicherheit beim Lösen physikalischer Aufgaben ist ein wichtiger In-

dikator zur Ermittlung des Lernstands und zur Überprüfung des Verständnis-

ses von Konzepten. So können inkorrekte Antworten, die mit einer hohen Ant-

wortsicherheit gegeben wurden, auf Lernschwierigkeiten oder Missverständnis-

se hindeuten. Bislang wird die Antwortsicherheit nach Bearbeitung der Aufgabe

abgefragt. Erste Eye-Tracking-Studien zeigen, dass Zusammenhänge zwischen

der Antwortsicherheit und dem Blickverhalten während des Lösens der Aufga-

ben bestehen. In diesem Beitrag sollen diese Zusammenhänge anhand von Auf-

gaben zumVerständnis vonGraphen überprü�werden. Es werden die Augenbe-

wegungen von Versuchspersonen beim Lösen entsprechender Aufgaben und die

gegebene Antwortsicherheit in einem gemischten linearen Modell in Beziehung

gesetzt. Dabei wird zwischen verschiedenen Aufgabentypen unterschieden, wel-

che sich aus der unterschiedlichen Verwendung von Graphen und Text in Frage

und Antwort ergeben. Ziel der Untersuchung ist die Bestimmung von Merkma-

len des Blickverhaltens, die zur Prädiktion derAntwortsicherheit genutzt werden

können.
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DD 10.6 Mon 11:30 P
Analyse des Kompetenzaufbaus zur Variablenkontrollstrategie mithilfe von
Sankey-Diagrammen — Tobias Winkens, ∙Simon Goertz und Heidrun
Heinke— RWTH Aachen University

Die Variablenkontrollstrategie (VKS) ist eine wichtige experimentelle Kompe-

tenz im naturwissenscha�lichen Unterricht, die Schüler:innen in verschiedenen

Lernsettings jedoch häu�g falsch anwenden. Im Rahmen einer Design-Based

Research Studie im Prä-Post-Design von Goertz wurde unter anderem evaluiert,

wie dieKompetenzen der Schüler:innen hinsichtlich derVKS imSchulunterricht

verbessert werden können. Mit einem Testinstrument zur Kompetenzerfassung

der VKS wurden entsprechende Daten aufgenommen. Als Intervention kamen

zwei verschiedene Lernzirkel mit je 5 Stationen (= Modulen) zum Einsatz. Der

eine Lernzirkel besteht aus Modulen zu verschiedenen experimentellen Kom-

petenzen, wobei eines den Schwerpunkt auf die VKS legt, während beim an-

deren Lernzirkel alle Module die Schwerpunktkompetenz VKS behandeln. Ei-

ne detaillierte Auswertung der erhobenen Daten kann durch die Nutzung von

Sankey-Diagrammen realisiert werden. Mit ihrer Hilfe kann das Antwortverhal-

ten der Schüler:innen beim Testinstrument im Prä-Post-Vergleich insbesondere

im Hinblick auf die beiden Lernzirkeltypen visualisiert und analysiert werden.

Die daraus resultierenden Erkenntnisse und Ergebnisse werden auf dem Poster

vorgestellt.

DD 10.7 Mon 11:30 P
Learning gains with the Newton’s �ird Law Open Source Tutorial in Aus-
trian high schools — Iva N Sampaio-Kronister and ∙Michael M Hull —

University of Vienna

I researched the use of the Newton’s�ird LawOpen Source Tutorial in Austrian

high schools in order to see if students achieve a better conceptual understanding

of the physics concepts, compared to traditional instruction. �e research was

carried out in nine classes from three di�erent schools (a total of 240 students).

Pre-post testing was done with a ”Force-Test” that included the Force Concept

Inventory’s�ird Lawdimension. All classes had already had their lessons inme-

chanics by the time of the pre-test. �erefore, the pre-tests results presented a

good picture of what students had learned with traditional instruction. Between

pre- and post-tests students had their normal classes with traditional instruc-

tion, which did not include mechanics, and only one 50-minute intervention

with the Open Source Tutorial on Newton’s third law. Subsequently they had the

post-test, which showed what they learned with the tutorial. �e results’ analy-

sis shows an evident gain on conceptual understanding of Newton’s third law’s

concepts (g-factor=0,45).�e survey also indicated that these concepts actually

made sense to the students: many of them had reconciled their intuitive ideas

with the correct scienti�c concepts.

DD 10.8 Mon 11:30 P
�e Public’s Knowledge on Radioactivity: What e�ect does the passing
of time a�er graduation and the type of school attended make? — Eva

Holzinger and ∙MichaelMHull—University of Vienna

Physics is an unpopular topic in casual conversation today. �is may be due

to the fact that many adults do not remember any physics that they supposedly

learned at school.�is paper will address this hypothesis by seeing if time spent

since graduating a�ects adults’ understanding of radioactivity, and if school at-

tended makes a di�erence in this retention. I created an online questionnaire

composed of demographic questions and questions to probe understanding and

misconceptions about radioactivity. I then collected data with this questionnaire

from N = 386 individuals with Austrian school-leaving quali�cations. I per-

formed a three-way ANOVA and found that there is a di�erence in knowledge

about radioactivity between recent school leavers and non-recent school leavers,

with recent school leavers performing better. Nevertheless, even recent school

graduates exhibited the typical misconceptions (they con�ated irradiation and

contamination, for example), with school attended making no signi�cant di�er-

ence.

DD 10.9 Mon 11:30 P
Schaltpläne als Repräsentation in der Elektrizitätslehre - eine Schulbuchana-
lyse— ∙Stefanie Peter und Olaf Krey—Universität Augsburg
Die Vermittlung grundlegender Konzepte der Elektrizitätslehre stellt eine große

Herausforderung dar, wie sich auch daran erkennen lässt, dass auch nachdem

die Elektrizitätslehre im Unterricht behandelt wurde, bei Lernenden eine Viel-

zahl von fachlich unangemessenenVorstellungen festgestellt werden können. Ei-

ne grundlegende Repräsentationsform, die beim Lehren und Lernen der Elek-

trizitätslehre eine zentrale Rolle spielt, stellen Schaltpläne dar. Der Umgang mit

Schaltplänen durch Lernende und Lehrende ist bisher wenig erforscht und auch

die Schaltpläne selbst in ihrer Funktion als externale Repräsentation haben bis-

her wenig Aufmerksamkeit erfahren, was in Anbetracht ihrer Verwendung in

Experimentieranleitungen, Sachtexten, Aufgabenstellungen etc. überrascht. Die-

semDe�zit widmet sich unser Forschungsvorhaben. In einem ersten Schritt wer-

den dabei Schaltpläne als Repräsentationen gegen andere Repräsentationen ab-

gegrenzt und die Verwendung von Schaltplänen in Schulbüchern systematisch

erfasst. Aufbauend auf diesen Vorarbeiten soll dann der Umgang mit Schaltplä-

nen insbesondere durch die Lernenden in den Blick genommen werden.

DD 10.10 Mon 11:30 P
Investigating di�erences in how teachers facilitate the Classbook ”�e Ra-
diation Around Us” — Markus Wintersteller, Maximilian Jeidler, and

∙MichaelMHull—Universität Wien, Wien, Österreich

HEC (Hypothesis Experiment Class) is a teachingmethodKiyonobu Itakura �rst

introduced. Similar to a gameshow, students in HEC are asked a series of prob-

lems to choose answers a, b or c from. A�er a discussion phase, the correct

answer is revealed. In repeating this procedure, the students are constantly learn-

ing more about a speci�c topic. I am the �rst teacher to conduct the HEC lesson

”�e Radiation Around Us” (TRAU) at an Austrian school. My impression is

that TRAU has much potential and I am focusing my MS thesis on evaluating

this potential. According to Itakura, HEC has three goals: growth in conceptual

understanding, enjoyment of the lesson, and reproducibility of the lesson across

classrooms. In my thesis, I investigate the last of those three points; namely, I

am investigating the e�ectiveness of TRAU with di�erent teachers with di�erent

levels of experience in using HEC. To validate the HEC claims regarding TRAU,

all 3 points need to be addressed. For that reason, Maximilian Jeidler is investi-

gating the �rst two points in his MS thesis.

DD 10.11 Mon 11:30 P
�e In�uence of ”�e Radiation Around Us” on Student Conceptual Under-
standing and Interest—Maximilian Jeidler, MarkusWintersteller, and

∙MichaelMHull—Universität Wien, Wien, Österreich

My MS thesis focuses on a special method of teaching called ”Hypothesis–

Experiment Class” (HEC), developed in Japan by Kiyonobu Itakura. In this

method, the teacher is provided with a ”Classbook” with which to conduct the

lesson. In HEC, students are asked a question and choose between several pos-

sible answers. �e number of votes for each answer choice is recorded on the

blackboard. Individual learners are asked to explain why they chose one of the

answer options. A�erwards, all learners have the opportunity to change their

choice. Finally, an experiment decides which answer was the correct one. �is

process is repeated in a cycle with new questions and experiments. HEC has

three goals (Itakura, 2019, p. 19-23): 1. make sure each and every student gains

the ability to use the central theory or concept. 2. structure the class so that most

students report that they like both science and these science classes. 3. make all

necessary preparations so that any teacher su�ciently passionate about educa-

tion, not just special veteran teachers, will be able to teach this type of class. In

my work, I will focus on the �rst and second goals for the Classbook ”�e Ra-

diation Around Us” (TRAU), which deals with where ionizing radiation can be

found in what amounts in our everyday life.�e third goal of HEC is discussed

in the accompanying poster by Markus Wintersteller.

DD 10.12 Mon 11:30 P
Can focusing on the understanding sub-skill lead to enhancedmastery of the
control of variable strategy? — Stephanie Steindl and ∙Michael M Hull

—Universität Wien, Wien, Österreich

Since the mid-20th century, education researchers across disciplines have inves-

tigated how to better teach experimental competencies.�e control-of-variable-

strategy (CVS) is a fundamental part of experimental knowledge acquisition, as it

allows the researcher to draw valid conclusions about cause-e�ect-relationships

in experiments where only one variable is changed. Researchers have postulated

CVS as being comprised of sub-skills, with the sub-skill ”understanding the in-

determinacy of confounded experiments (UN)” being the most di�cult for stu-

dents to master. Schwichow et al. (2020) proposed that direct instruction in the

UN sub-skill might result inmastery of the UN-skill before or at the same time as

the remaining sub-skills. In this presentation, I will discuss my investigation of

this proposal, where I measure the e�ect of di�erent interventions on the overall

CVS-skills.

Schwichow, M., Osterhaus, C., & Edelsbrunner, P. A. (2020). �e relation

between the control-of-variables strategy and content knowledge in physics

in secondary school. Contemporary Educational Psychology, 63, 101923.

https://doi.org/10.1016/j.cedpsych.2020.101923
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DD 11: Postersession 1: Lehreraus- und -weiterbildung
Time: Monday 11:30–12:30 Location: P

DD 11.1 Mon 11:30 P
Re�exion von Physikunterricht - ein Online Assessment mit Feedback —
∙AnnaWeissbach und Christoph Kulgemeyer— AG Didaktik, Universität

Paderborn, Paderborn, Deutschland

Die Unterrichtsre�exion spielt für Lehrkrä�e eine zentrale Rolle. Sie dient der

eigenen Professionalisierung und der Weiterentwicklung des Unterrichts. Die

Förderung der Re�exionsfähigkeit ist daher auch schon in der ersten Ausbil-

dungsphase wichtig. Ausgehend von einem bestehenden Performanztest zur Re-

�exion von Physikunterricht wird ein geschlossenes Instrument entwickelt, in

welchem Proband*innen inhaltlich zusammengehörige Unterrichtsausschnitte

(Videovignetten) aus dem Unterricht eines �ktiven Mitpraktikanten im Sinne

einer Fremdre�exion beurteilen. Das Instrument wird mit (teil)automatisiertem

Assessment Feedback sowie daran anschließenden Förderempfehlungen verse-

hen. Studierende sollen das Instrument in Eigenregie zur fundierten Selbstein-

schätzung dieser Fähigkeit durchführen, Dozierende Rückmeldungen zu ihrer

Studierendengruppe erhalten können.

Ziel des Projekts ist die Validierung von Testinstrument und Rückmeldefor-

maten, sodass sichergestellt wird, dass sie zur Kompetenzentwicklung beitra-

gen. Dazu wird im Sinne des Argument-Based-Approach von Kane (1992) ein

Interpretations-Nutzungs-Argument formuliert und u.a. in Bezug auf die Ange-

messenheit der Testaufgaben, Testscores und resultierenden Konsequenzen eva-

luiert.

Vorgestellt werden das entwickelte Material (Testinstrument, Rückmeldefor-

mat und Fördermaterial) sowie Ergebnisse einer�ink-Aloud-Studie zur Eva-

luation des Testinstruments.

DD 11.2 Mon 11:30 P
Quereinstiegsmasterstudiengänge verstetigen und ausbauen? Befunde und
Implikationen aus der Evaluation des Quereinstiegsmasters an der Freien
Universität Berlin— ∙Novid Ghassemi und Volkhard Nordmeier— Freie
Universität Berlin
Der Mangel an Lehrkrä�en für unterschiedliche Fächer und Schulformen dau-

ert im Land Berlin weiter an. Demensprechend sieht der neue Koalitionsvertrag

von SPD, Grünen und der Linken eine Verstetigung des sog. *Sonderprogramms

Beste (Lehrkrä�e-)Bildung* und einen Ausbau der Quereinstiegsmasterstudien-

gänge (Q-Master) vor (spd.berlin 2021). Als Argument für diese Pläne werden

positive Erfahrungen genannt. Damit gemeint sind wohl auch vorläu�ge Eva-

luationsergebnisse des Q-Masters für die Grundschule (Lucksnat et al. 2021)

und für Integrierte Sekundarschulen und Gymnasien (Ghassemi & Nordmeier

2021) im Land Berlin. Nicht ausreichend geklärt ist allerding, welche individu-

ellen Motive und Erwartungen der Q-Masterstudierenden die positiven Befun-

de erklären könnten und welche zusätzlichen Implikationen und Limitationen

sich hieraus ergeben. Um diese Fragen besser beantworten zu können, werden

die Q-Masteranden im Fach Physik an der Freien Universität (FU) Berlin nicht

allein mittels quantitativer Instrumente untersucht, sondern auch zu ihren Be-

rufsbiogra�en, ihren Erwartungen an das Studium und dessen subjektiv erlebten

Nutzen interviewt. Der Beitrag diskutiert anhand aktueller Ergebnisse der quan-

titativen und qualitativen Begleitforschung des Q-Masters im Fach Physik an der

FU Berlin die Grenzen und Potenziale einer Verstetigung und Ausweitung der

Q-Masterstudiengänge.

DD 11.3 Mon 11:30 P
Re�exionsprozesse imLehr-Lern-Labor— ∙JensDamköhler, ThomasTref-
zger und Markus Elsholz— Lehrstuhl für Physik und ihre Didaktik, Julius-

Maximilians-Universität Würzburg

Praxisveranstaltungen wird in der Lehramtsausbildung eine bedeutende Rolle

zugeschrieben. Eine mögliche Ausgestaltung dieser Praxisphase sind z.B. Lehr-

Lern-Labore (LLL) mit iterativen Phasen, bei denen Studierende jeweils Klein-

gruppen von Schülerinnen und Schülern in zeitlichemAbstand an einem außer-

schulischen Lernort (M!ND-Center) unterrichten und zwischen den einzelnen

Erprobungen Überarbeitungs- und Re�exionsphasen statt�nden. Bisherige For-

schungsergebnisse legen nahe, dass ein Lehr-Lern-Labor mit intensiven Phasen

der Re�exion die Professionelle Unterrichtswahrnehmung und das Selbstkon-

zept positiv begünstigen kann. In dem hier vorgestellten Vorhaben sollen die

professionellen Re�exionsprozesse von Lehrkrä�en im LLL-Seminar mit quali-

tativen und quantitativen Methoden untersucht werden. Insbesondere wird der

Frage nachgegangen werden, ob mit Hilfe systematischer Schülerfeedbacks zu-

sätzlich Re�exionsprozesse initiiert werden können. Begleitend ist geplant, das

Professionelle Selbstkonzept zu erheben.

DD 11.4 Mon 11:30 P
Digitalität im mathematisch-naturwissenscha�lichen Fachunterricht: Ent-
wicklung und Beforschung einer Masterlehrveranstaltung für die Lehramts-
ausbildung— ∙AngelikaMandl, ClaudiaHaagen-Schützenhöfer, Phil-

ipp Spitzer und Thomas Schubatzky—Universität Graz, Österreich

Im Rahmen des Projekts ProDigiTrans wird an der Universität Graz im Pa-

radigma des Design-Based Research eine Masterlehrveranstaltung für Lehr-

amtsstudierende mathematisch-naturwissenscha�licher Unterrichtsfächer ent-

wickelt und beforscht.

Das Ziel ist es, zur Professionalisierung angehender Lehrkrä�e beizutragen,

sodass diese ihren Fachunterricht digital transformiert umsetzen können. Im

Rahmen der Lehrveranstaltung sollen einerseits technisch-pädagogische Kom-

petenzen, ausgewählt auf Basis einer Curricula-Analyse und von Lehrenden-

und Studierenden-Befragungen, vermittelt und andererseits ein Verständnis für

die Digitalität der Gesellscha� gefördert werden.

Das Poster zeigt die Ergebnisse dieser durchgeführten Curricula-Analyse und

Befragungen sowie die daraus resultierenden an die Studierenden adressier-

ten Kompetenzziele. Außerdem werden die Einführung in die digitale Mess-

werterfassung mit Arduino-Mikrocontrollern und Sensoren als ein inhaltlicher

Schwerpunkt der Lehrveranstaltung und die Ergebnisse der dazu durchgeführ-

ten Akzeptanzbefragungen vorgestellt. Das auf speziellen Design-Kriterien be-

ruhendeDesign der Lehrveranstaltung wird präsentiert und es werden Einblicke

in die Beforschung des Masterlehrveranstaltungsformates gegeben.

DD 11.5 Mon 11:30 P
Essenzielle Features der Frankfurt/GrazerOptikkonzeption— ∙MarkusOb-

czovsky, Thomas Schubatzky und Claudia Haagen-Schützenhöfer —

University of Graz

Eine zentrale Aufgabe physikdidaktischer Forschung ist das Entwickeln innova-

tiver Unterrichtskonzeptionen. Unterrichtsmaterialien bieten eine Möglichkeit

diese Innovationen in die Schulpraxis zu bringen. Der Erfolg dieses Transfers

ist mitunter abhängig davon, wie Unterrichtskonzeptionen imUnterricht imple-

mentiert werden. Wenn Lehrkrä�e ihren Unterricht nach einer Unterrichtskon-

zeption planen, verwenden sie dafür meist beiliegende Unterrichtsmaterialien.

Es zeigt sich jedoch, dass Lehrkrä�e Unterrichtsmaterialien o� nur bruchstück-

ha� in ihrem Unterricht einsetzen (Breuer 2021), womit eventuell wesentliche

Aspekte der Unterrichtskonzeption verloren gehen. Um Lehrkrä�e dabei zu un-

terstützen, die fachdidaktischen Überlegungen und Leitideen einer Unterrichts-

konzeption - welchemöglicherweise nicht direkt aus den Unterrichtsmaterialien

ersichtlich sind - im Unterricht umzusetzen, wird das Konzept der Essenziellen

Features (EF) als fachdidaktische Charakteristika einer Unterrichtskonzeption

vorgeschlagen. Eine explizite Kommunikation dieser EF an Lehrkrä�e soll diese

dabei unterstützen, ihrenUnterricht individuell und adressatengerecht zu gestal-

ten und dennoch die fachdidaktischen Grundideen einer Unterrichtskonzepti-

on berücksichtigen zu können. Als Startpunkt wurden exemplarisch die EF der

Frankfurt/Grazer Optikkonzeption (Haagen 2016) durch unterschiedliche Ex-

pert:innen mithilfe der Unterrichtsmaterialien und zusätzlicher Publikationen

ermittelt und werden am Poster vorgestellt.

DD 11.6 Mon 11:30 P
Vignettenstudie zur Perspektive von Physiklehrkrä�en auf die Lernergebnis-
sicherung im Physikunterricht — ∙Lucas Carlos Televantos Ubeda, Jo-
hannes Frank Lhotzky, Margarete Imhof und KlausWendt— Johannes

Gutenberg-Universität Mainz

Die Sicherung von Lernergebnissen ist die zentrale Gelingensbedingung für den

erfolgreichen Abschluss von Lehr- und Lernprozessen. Trotz dieser zentralen

Rolle für das unterrichtliche Handeln liefert die fachdidaktische Literatur kein

einheitliches Verständnis darüber, was unter Lernergebnissicherung zu verste-

hen ist und welche Kriterien an die unterrichtspraktische Umsetzung anzule-

gen sind. Um die in der Unterrichtspraxis herrschenden Vorstellungen zur Ler-

nergebnissicherung im Physikunterricht zu erfassen, fand für den vorliegenden

Beitrag im Rahmen einer Masterarbeit an der JGU Mainz eine Erhebung un-

ter Physiklehrkrä�en aus dem gesamten deutschsprachigen Raum mittels einer

Online-Survey statt. Dazu wurden Unterrichtsvignetten entwickelt, die jeweils

den aus der�eorie abgeleiteten Aspekten der Lernergebnissicherung entspre-

chen und von den Befragten bewertet wurden. Bei der Stichprobengröße derUn-

tersuchung von N=27 �el in der quantitativen Auswertung besonders die große

Streuung in den Bewertungen der Physiklehrkrä�e auf. Die Untersuchung lie-

fert somit einen empirischen Beleg für die Verwirrung um den Begri� der Ler-

nergebnissicherung. Das Poster fasst die Ergebnisse zusammen und diskutiert

Implikationen für die Lehramts- Aus- und Weiterbildung.

DD 11.7 Mon 11:30 P
CERN Online-Fortbildungsprogramme für Lehrpersonen - lessons learned
— ∙JeffWiener und Sascha Schmeling—CERN, Genf, Schweiz

Bereits seit 1998 werden am CERN Fortbildungsprogramme für MINT Lehr-

personen durchgeführt. In den vergangenen Jahren kamen so pro Jahr bis zu

1000 Lehrpersonen aus über 60 verschiedenen Ländern nach Genf, um im Rah-

men von ’professional development programmes’ ihr fachliches und fachdidak-

tisches Wissen zur Teilchenphysik aufzufrischen. Durch die COVID-19 Pande-
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mie konnten diese Programme allerdings seit Frühling 2020 nicht mehr vor Ort

statt�nden und wurden stattdessen durch Online-Fortbildungsprogramme er-

setzt. Diese wurden an die jeweiligen Anforderungen angepasst und erreichten

so im vergangenen Jahr mehr als 2300 Lehrpersonen aus 80 verschiedenen Län-

dern. Die Bandbreite reicht von kurzenHalbtagesprogrammen hin zuwöchentli-

chen und sogarmehrmonatigen Programmen, in denen der Austausch der Lehr-

personen untereinander explizit ermöglicht und gefördert wird. Eine essentielle

Komponente der Online-Programme stellen Arbeitsaufgaben dar, die von den

Lehrpersonen während und nach dem Programm erledigt werden. Diese die-

nen einerseits der Verdichtung des jeweiligen Programminhalts, stellen ande-

rerseits aber auch eine reichhaltige Datenquelle für die Weiterentwicklung der

Programme dar. Im Beitrag werden die Designprinzipien und Charakteristika

der Programme vorgestellt, sowie relevante fachdidaktische Aspekte diskutiert,

die aus der qualitativen Inhaltsanalyse der Arbeitsaufgaben gewonnen wurden.

DD 11.8 Mon 11:30 P
Einsatz digitaler Werkzeuge im Physikunterricht - eine Interviewstudie —
∙DanielWalpert und RitaWodzinski—Universität Kassel
Die integrative Vermittlung digitaler Kompetenzen im Regelunterricht setzt bei

(angehenden) Lehrkrä�en technologiebezogene Kompetenzen voraus, welche

beispielsweise im TPACK-Modell beschrieben werden. Darüber hinaus ist eine

re�ektierte Einstellung der Lehrkrä�e gegenüber demEinsatz digitalerWerkzeu-

ge im Unterricht eine wichtige Gelingensbedingung zur Vermittlung digitaler

Kompetenzen. Deshalb sollte bereits früh in der (Physik-)Lehramtsausbildung

der Erwerb und die vertie�e Auseinandersetzung mit technologiebezogenen In-

halten erfolgen. Ziel des Forschungsvorhabens ist die Entwicklung und Evalua-

tion von Lernarrangements, die eine Förderung technologiebezogener Kompe-

tenzen (TK, TPK, TCK, TPACK) bei angehenden Physik-Lehrkrä�en erzielen

sollen. Im Rahmen der Begleitforschung wird der Ein�uss der Teilnahme auf

die Einstellungen und die Ausprägung technologiebezogener Wissensfacetten

der Studierenden untersucht. Die Erfassung der Einstellungen der Studierenden

erfolgt mithilfe teilstrukturierter Interviews im Prä-Post-Design und wird mit-

tels induktiver qualitativer Inhaltsanalyse ausgewertet. Unter den Einstellungen

der Studierenden werden folgende Teilfacetten zusammengefasst: Selbstwirk-

samkeitserwartung,Motivation undwahrgenommene Relevanz zur Vermittlung

digitaler Kompetenzen. Es sollen weiterhin Begründungsmuster der Studieren-

den zum Einsatz digitaler Werkzeuge im Unterricht o�engelegt werden.

DD 11.9 Mon 11:30 P
Perceived Agency of In-Service Physics Teachers in Japan and Austria —
∙Michael M Hull

1
and Haruko Uematsu

2
—

1
Universität Wien, Wien,

Österreich —
2
Tokyo Gakugei University, Tokyo, Japan

Dissemination of reformed curriculum requires teachers to feel that they have

the freedom to implement the curriculum in the classroom. Even instructors

who are trained in research-based instruction and are convinced of its value

might fail to implement the curriculum in the classroom if, for example, they

feel like doing so would jeopardize their ability to cover the contents required

by the national standards. We created the ”Perceived Agency Survey” to assess

teacher views about such issues and administered it to physics teachers in Austria

(where teachers are given considerable freedom in their teaching by the national

standards) and Japan (which has national standards that are regarded as more

demanding of teachers). In this presentation, I will show which items of the

survey indicate di�erences in views between the two groups of teachers, and I

will discuss recent interviews with teachers about how Corona has a�ected their

perceived agency.

DD 12: Postersession 1: Neue Konzepte
Time: Monday 11:30–12:30 Location: P

DD 12.1 Mon 11:30 P
Schülerlabor to go - MINT-Angebote im Freizeitbereich— ∙Maria Hinkel-

mann und Heidrun Heinke — RWTH Aachen University, I. Physikalisches

Institut IA
Die StädteregionAachen bietet Schüler:innen verschiedener Jahrgangsstufen be-

reits eine Vielzahl unterschiedlicher MINT-Angebote, doch haben sich beson-

ders imNachmittags- und Freizeitbereichweitere Förderbedarfe aufgezeigt. Des-

halb soll an der RWTH Aachen University ein Programm entstehen, bei wel-

chem niederschwellige MINT-Kurse im Nachmittagsbereich angeboten werden.

Auf Grundlage der vielfältigen Schülerlabor-Angebote in Bereichen wie Phy-

sik, Chemie, Biologie oder Informatik sollen vierwöchige Kurse mit jeweils 90-

minütigen Einheiten entstehen, welche nachmittags zunächst in Schulen umge-

setzt werden. Die kurze Laufzeit eines Kurses, die vielfältigen�emen und die

Umsetzung an den Schulen sollen das Angebot für die Schüler:innen möglichst

leicht zugänglich und für die Schulen �exibel nach Bedarf und Interesse buch-

bar machen. Die Zielgruppe stellen Jugendliche im Alter von 10 - 16 Jahren dar,

wobei ein besonderer Fokus auf die Förderung von jungenMädchen gelegt wird.

Durch den Einsatz im non-formalen Bildungsbereich und in der Freizeit soll be-

sonders die Motivation zur Auseinandersetzung mit MINT-�emen im Alltag

gefördert sowie aktiv gegen den akuten Fachkrä�emangel vorgegangen werden,

der in nahezu allen MINT-Branchen vorzu�nden ist. Langfristig sollen die Er-

fahrungenmit dem Programm auch außerhalb der Städteregion Aachen nutzbar

werden und in den Erfahrungsaustausch zwischen MINT-Clustern in Deutsch-

land ein�ießen.

DD 12.2 Mon 11:30 P
Entwicklung eines Unterrichtsansatzes zum�emaModellierung und nume-
rische Simulation als naturwissenscha�liche Arbeitsweisen der Erkenntnis-
gewinnung — ∙Johanna Rätz, Jan Heysel, IngaWoeste, Vera Munz und

Frank Bertoldi—Universität Bonn
Modellierung spielt eine zentrale Rolle in den Naturwissenscha�en und ist da-

mit auch von hoher Relevanz für gesellscha�spolitische Entscheidungen, z.B. bei

der Vorhersage der Entwicklung des Erdklimas oder von Pandemien. Um Schü-

ler*innen durch den Unterricht in ihrer Orientierung, Urteilsfähigkeit und kri-

tischen Teilhabe an einer durch Naturwissenscha�en geprägten Gesellscha� zu

stärken, ist es unabdingbar die Rolle von Modellen für Erkenntnisprozesse zu

thematisieren und explizit zu re�ektieren.

Hierzu wurde einUnterrichtsansatz entwickelt, in dem die Schüler*innen eine

Wurfbewegung in einer Sportart ihrer Wahl zunächst modellieren und selber in

einer authentischen Programmierumgebung (Jupyter Notebook für Python) nu-

merisch simulieren. Anschließend wird das Ergebnis der Simulation mit einem

Real-Experiment verglichen und der Vergleich diskutiert.

Auf diesem Poster wird der Arbeitsstand nach der ersten Erprobung im Rah-

men des Projekts ”EduChallenge: Perspektiven auf Naturwissenscha�en” darge-

stellt.

DD 12.3 Mon 11:30 P
Ein dynamisches Elektronenmodell für den Elektrikunterricht — ∙Fabian
Beil, Michael Thees, SebastianKapp und JochenKuhn—Technische Uni-

versität Kaiserslautern, Kaiserslautern, Deutschland

Um im schulischen Elektrikunterricht Präkonzepten der Lernenden zu begeg-

nen, nutzen Lehrende o� Unterrichtskonzepte auf Basis einer Analogie wie z.B.

das Wasserkreislaufmodell. Kürzlich wurde von J.P. Burde und T. Wilhelm ei-

ne potentialbasierte Analogie entwickelt, das Elektronengasmodell. Diese zeigt

eine höhere Wirksamkeit gegen Präkonzepte als traditionelle Unterrichtsansät-

ze. Allerdings erklären analoge Ansätze o� nicht alle Aspekte des Zielbereichs

undmüssen durch weitereModelle ergänzt werden. In unserer Arbeit stellen wir

ein fachnahes, analogiefreies Modell vor, das kurze transiente Zustände nutzt,

um daraus das Potential im Stromkreis abzuleiten. Diese dynamischen Vorgän-

ge auf der Grundlage von Krä�en zwischen geladenen Teilchen werden dabei

so weit vereinfacht, dass das Modell von Schüler*innen der Mittelstufe genutzt

werden kann. Es bleibt dabei anschlussfähig an nachfolgende�emenbereiche,

z.B. an die elektromagnetische Induktion, und muss zu keinem Zeitpunkt völlig

verworfen werden. In diesem Beitrag wird eine Unterrichtssequenz mit dem dy-

namischen Elektronenmodell vorgestellt, die als Basis für zukün�ige empirische

Untersuchungen dienen soll.

DD 12.4 Mon 11:30 P
Entwicklung eines Unterrichtsansatzes zum�ema ”Peer-Review-Verfahren
als wissenscha�liche Qualitätssicherung”— ∙IngaWoeste, Jan Heysel, Jo-

hanna Rätz, VeraMunz und Frank Bertoldi—Universität Bonn

Das Peer-Review-Verfahren ist eine in der Wissenscha� etablierte Praxis zur

Begutachtung von wissenscha�lichen Leistungen und Akteuren durch Fach-

kolleg*innen. Als Mechanismus der wissenscha�lichen Qualitätssicherung und

Kernelement in der Selbststeuerung von Wissenscha� spielt es unter ande-

rem im Publikationswesen, in Berufungsverfahren und bei Verteilungen von

Forschungsressourcen eine wichtige Rolle. Im schulischen Kontext wird Peer-

Feedback bereits als Methode eingesetzt, bei der sich die Schüler*innen ge-

genseitig Rückmeldungen zu ihren Arbeitsprodukten geben. Ein Bezug zum

Peer-Review-Verfahren als wissenscha�liche Praxis wird hierbei, soweit uns be-

kannt, jedoch nicht hergestellt. Daher stellt sich die Frage, wie das Peer-Review-

Verfahren als Unterrichtsmethode gestaltet und angewendet werden kann, um

bei den Schüler*innen ein Verständnis des Konzepts und der Zielsetzung die-

ser wissenscha�lichen Praxis zu fördern. Im Rahmen des ersten Entwicklungs-

zyklus des Design-Based Research Projekts ”EduChallenge: Perspektiven auf

Naturwissenscha�en” wurde dazu ein Unterrichtsansatz entwickelt und erprobt,

bei dem sich die Schüler*innen Hintergründe zum Peer-Review-Verfahren über

eine digitale Lernumgebung erarbeiten, in Arbeitsgruppen einen wissenscha�li-

chen Artikel über ihr Forschungsprojekt verfassen und sich dann dazu im Rah-

men eines Double-Blind-Verfahrens Feedback geben.
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DD 12.5 Mon 11:30 P
Entwicklung eines Unterrichtsansatzes zur soziologischen Perspektive auf
Nature of Science. Der Schulgarten als Analogie zur Wissenscha�.— ∙Vera
Munz, Jan Heysel, Inga Woeste, Johanna Rätz und Frank Bertoldi —

Universität Bonn
Ein bedeutendes Bildungsziel naturwissenscha�lichen Unterrichts ist es, ein an-

gemessenes Verständnis der Nature of Science (NOS) zu entwickeln. Dies soll

den Lernenden ermöglichen, mündig an unserer modernen Informationsgesell-

scha� teilzuhaben. Wissenscha� als Funktionssystem innerhalb unserer Gesell-

scha� zu verstehen, ermöglicht es, aus dem gesellscha�lichen Kontext heraus, in

dem Wissenscha� eingebettet ist, strukturelle und methodische Praktiken von

Wissenscha� zu verstehen. Eine Betrachtung des sozialen Kontextes von Wis-

senscha� steht daher nicht imWiderspruch zumethodologischenÜberlegungen

(wie der hypothetisch-deduktiven Methodik), sondern ergänzt diese.

Um Lernenden ein Bild der Naturwissenscha�en zugänglich zu machen, wel-

ches aus soziologischen Überlegungen entsteht, wurde ein Unterrichtsansatz

entwickelt, in welchem ein Schulgarten als Analogie zur Wissenscha� genutzt

wird. Die Lernenden planen hierfür ihren eigenen Schulgarten, um sich mit ei-

nem möglichen Aufbau eines Funktionssystems vertraut zu machen. Daraufhin

wird der selbst entwickelte Schulgarten als Analogie für das SystemWissenscha�

betrachtet und diskutiert. Dieser Ansatz wurde an zwei Schulen in Nordrhein-

Westfalen an Kursen der Einführungsphase erprobt und evaluiert.

DD 12.6 Mon 11:30 P
EduChallenge: Perspektiven auf Naturwissenscha�en. Entwicklung eines
innovativen Unterrichtskonzepts zum Bereich Nature of Science. — ∙Jan
Heysel

1
, Johanna Rätz

1
, IngaWoeste

1
, VeraMunz

1
, Janina Beigel

2
und

Frank Bertoldi
1
—

1
Universität Bonn —

2
Universität Heidelberg

Wir sehen Handlungsbedarf aus der Problematik, dass Schülervorstellungen zur

Nature of Science (NOS) o� sehr undi�erenziert sind, dass konkrete Inhalte und
Ziele von Unterricht im Bereich NOS unklar und kontrovers bleiben, und dass

bislang wenige Konzepte zur expliziten Förderung von Kompetenzen in diesem

Bereich existieren.

Auf der Basis der Lerntheorie und der Pädagogik des Deeper Learning ent-
wickeln wir den allgemeinen Ansatz einer EduChallenge als motivierendes und
explizit kompetenzorientiertes Unterrichtsformat. Außerdem entwickeln wir ein

Konzept der Perspektiven auf Naturwissenscha�en als kompetenzorientierten,
schulpraktischen Ansatz, der neben methodologischen Aspekten auch histori-

sche, soziologische und philosophische Perspektiven umfasst.

Unser aktuelles Projekt der EduChallenge: Perspektiven auf Naturwissenschaf-
ten kombiniert beide allgemeinenAnsätze zu einem konkreten Anwendungsbei-
spiel. Wir haben kürzlich den ersten Entwicklungszyklus unseres Design-Based

Research Projekts mit einer Erprobung an zwei Schulen abgeschlossen und stel-

len mit diesem Poster den aktuellen Arbeitsstand dar.

DD 12.7 Mon 11:30 P
Didaktische Rekonstruktion der Strahlentherapie — ∙Axel-Thilo Prokop
und Ronny Nawrodt— Universität Stuttgart, 5. Physikalisches Institut - Abt.

Physik und ihre Didaktik Pfa�enwaldring 57, 70569 Stuttgart

Die Anwendung radioaktiverMaterialien zur Behandlung von Krebserkrankun-

gen ist einschließlich typischer Nebenwirkungen landläu�g bekannt. Die genaue

Wirkungsweise der dabei verwendeten Isotope, die dafür notwendige Verarbei-

tung des Isotops und die allgemeine Wirkung ionisierender Strahlung auf den

menschlichen Körper auf mikroskopischer Ebene sind hingegen nicht allgemein

bekannt. Hier bietet sich die Möglichkeit Radioaktivität in Hinblick auf typische

Alltagsvorstellungen neu zu denken und die Begri�e ”radioaktive Materie” und

”ionisierende Strahlung” sachgerecht einzuordnen.

DD 12.8 Mon 11:30 P
Weiterentwicklung eines interaktiven Steckbretts zum Aufbau elektrischer
Schaltungen— ∙Mesut Ibrahim Tastekin, Simon Goertz, Sebastian Nell

und Heidrun Heinke— RWTH Aachen University, Deutschland

Um Lehrkrä�e bei der Planung und Durchführung von kompetenzorientiertem

Unterricht zu unterstützen, werden an der RWTH Aachen University im Rah-

men der Plattform *FLexKom* Unterrichtsmaterialien zum Fördern und Ler-

nen experimenteller Kompetenzen entwickelt. Dabei werdenModule angeboten,

die Teilkompetenzen in den Bereichen Planung, Durchführung undAuswertung

von Experimenten fördern sollen. Dieser Beitrag beschreibt die Evaluation und

Weiterentwicklung eines interaktiven Steckbretts, das eine direkte Rückmeldung

durch einen Mikrocontroller über die Korrektheit einer gesteckten elektrischen

Schaltung geben kann. Der Einsatz des Steckbretts fand in physikalischen Prak-

tikumsversuchen von Studierenden unterschiedlicher Studiengänge statt. Die

Weiterentwicklung erfolgt mit dem Ziel der detaillierten Nachverfolgung des

Steckprozesses der Schaltung. Dies soll die Analyse möglicher experimenteller

Schwierigkeiten, typischer Vorgehensweisen und Schülervorstellungen ermög-

lichen. Auf dem Poster werden das evaluierte Steckbrett sowie die Umsetzung

der Weiterentwicklung des Steckbretts beschrieben.

DD 13: Postersession 1: Physikdidaktik und Inklusion
Time: Monday 11:30–12:30 Location: P

DD 13.1 Mon 11:30 P
Zur Rolle von naturwissenscha�licher Bildung in Straßenschulen —

∙Matthias Fischer und Manuela Welzel-Breuer — Pädagogische Hoch-

schule Heidelberg, Heidelberg, Deutschland

Im Jahr 2015 wurden die Ziele für nachhaltige Entwicklung von den Verein-

ten Nationen verabschiedet, zu denen auch die Ziele ’No Poverty’ und ’Quality

Education’ gehören. Das letztgenannte Bildungsziel beinhaltet für die Verein-

ten Nationen neben dem gleichberechtigten Zugang aller Bevölkerungsgruppen

zu den verschiedenen Bildungsebenen auch ein sichergestellter sowie hochwer-

tiger Sekundarschulabschluss aller. Diese beiden Unterziele gelten insbesonde-

re auch für die ungefähr 37.000 in Deutschland lebenden Straßenjugendlichen.

Dabei sind Straßenkarrieren und erfolgreiche Schulkarrieren für viele Jugendli-

chen nur schwer zu realisieren. So hat beispielsweise Hoch (2016) in einer Stu-

die festgestellt, dass die Mehrheit der Straßenjugendlichen im Gegensatz zu den

durchschnittlich erreichten Schulabschlüssen in Deutschland entweder gar kei-

nen Schulabschluss oder nur einen Hauptschulabschluss besitzt. Gründe hierfür

sind diverse Barrieren und Probleme, denen sich Straßenjugendliche während

des Schulbesuchs sowie bei der Wiederaufnahme des Bildungsweges nach er-

folgtemSchulabbruch gegenübersehen. InDeutschland gibt esmittlerweilemeh-

rere Straßenschulen, die solchen Jugendlichen unter Berücksichtigung ihrer Le-

benslagen das Nachholen eines hochwertigen Sekundarschulabschlusses ermög-

lichen. In unserer Studie wird untersucht, inwiefern naturwissenscha�liche und

im Besonderen physikalische Bildung eine Rolle in den Straßenschulen spielt.

DD 13.2 Mon 11:30 P
MasterClasses— ∙AzadehGhanbari2, Stina Scheer1, RainerMüller

2
und

Gunner Friege
1
—

1
Leibniz Universität Hannover | Institut für Didaktik der

Mathematik und Physik | Physikdidaktik —
2
Technische Universität Braun-

schweig | IFDN | Physik und Physikdidaktik

MasterClasses sind halbtägigeWorkshops zu aktuellen�emen der Quantenme-

trologie für Schülerinnen und Schüler der gymnasialen Oberstufe (Einführungs

und Quali�kationsphase). Die Lernenden werden auf Grundlage ihrer im Phy-

sik undMathematikunterricht erworbenen Fähigkeiten an�emen der aktuellen

Forschung herangeführt. Dabei können sie nicht nur experimentieren und neue

Bereiche der Physik kennen lernen, sondern bekommen durch Kontakt mit For-

schenden auch einen Einblick in den Wissenscha�sbetrieb. Die MasterClasses

sind Teil des Exzellenzclusters QuantumFrontiers.

DD 13.3 Mon 11:30 P
Gestaltung inklusiver Lernsettings amBeispiel Getriebe— ∙Larissa Fühner
und Alexander Pusch— Institut für Didaktik der Physik, WWUMünster

ImZuge der Inklusion an Schulen steht die Physikdidaktik vor der aktuellenHer-

ausforderung den regulären Physikunterricht für die Bedürfnisse von Schüle-

rinnen und Schülern mit verschiedenen Beeinträchtigungen des Lernens zu ad-

aptieren und weiterzuentwickeln. Dabei können grundlegende Handlungsemp-

fehlungen aus der sonderpädagogischen Praxisarbeit helfen, die Lernsituationen

konkret auszugestalten. Auf diesem Poster stellen wir Teile unseres Seminar-

konzepts zu inklusivem Physikunterricht vor. Dort zeigen wir zunächst typische

Probleme von lernbeeinträchtigten Schülerinnen und Schülern bei der (experi-

mentellen) Erarbeitung physikalischer Sachverhalte auf. Grundlegende, aus der

Förderpädagogik etablierte, Handlungsempfehlungen werden anschließend zur

Adaption und Umsetzung physikalischer Inhalte angewandt. Darauf aufbauend

gestalten wir gemeinsam mit den Studierenden eine Unterrichtseinheit als Best-

Practice-Beispiel, welche mit kooperierenden Förderschulen verschiedener För-

derschwerpunkte durchgeführt wird. Diese praktische Anwendung der Hand-

lungsempfehlungen auf schulisches Experimentieren soll den Studierenden da-

bei helfen, ein erstes Verständnis dafür zu entwickeln, wie eine bessere Teilhabe

Lernender mit sonderpädagogischer Unterstützung im regulären Physikunter-

richt gelingen kann.
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DD 14: Postersession 1: Sprache und Physikunterricht
Time: Monday 11:30–12:30 Location: P

DD 14.1 Mon 11:30 P
Sprachsensibilität im studentischen Erklärvideo zum Fach Physik. Eine ex-
plorative Studie— ∙Lena Schenk1, Niklas Reichel2 und Rainer Müller

1

—
1
TUBraunschweig, IfDN, Physikdidaktik—

2
TUBraunschweig, IfG, Sprach-

didaktik
ImBeitragwerden professionsbezogeneKompetenzen zu sprachsensiblemFach-

unterricht diskutiert, auf die von Lehramtsstudierenden der Physik bei der in-

haltlichen Konzeption und Umsetzung von sprachsensiblen Erklärvideos zu-

rückgegri�en wird. Im Rahmen eines kooperativen Projektseminars mit Studie-

renden der Physik und Germanistik konnte bereits festgestellt werden, dass der

Transfer theoretischen Wissens zu sprachsensiblem Fachunterricht eine große

Herausforderung darstellt. So gelingt zwar in den meisten Fällen die didaktische

Reduktion fachwissenscha�licher Inhalte, eine sprachsensible Aufbereitung, wie

sie im Rahmen der fachdidaktischen Anforderung an angehende Lehrkrä�e

wünschenswert wären, erfolgt jedoch nur bedingt. Besonderes Augenmerk der

Autor:innen liegt hierbei auf der o� vorzu�ndenden fachlichen Entfernung zum

�ema Sprache bei den angehenden Physiklehrkrä�en, die im Studium sonst

kaum mit linguistischen Inhalten in Berührung kommen. Der Posterbeitrag

skizziert Ergebnisse einer explorativen Studie, in der untersucht wird, (a) auf

welche Strukturdiagnose- und -aufbereitungsmechanismen Lehramtsstudieren-

de der Fachdisziplin Physik bei der Aufbereitung eines fachwissenscha�lichen

�emas in einem sprachsensiblen Erklärvideo zurückgreifen und (b) wie die

sprachsensible Aufbereitung in einem Erklärvideo methodisch realisiert wird.

DD 15: Communicating Physics and its History (joint session GP/DD)
Time: Monday 13:30–15:00 Location: GP-H7

Invited Talk DD 15.1 Mon 13:30 GP-H7
�e development of�e Lorentz Lab: bringing the scienti�c history of Teylers
Museum to life with working replicas — ∙Trienke van der Spek — Teylers

Museum, Haarlem,�e Netherlands

In 2017 Teylers Museum opened�e Lorentz Lab, a new extension to the per-

manent presentation of the museum. �e Lorentz Lab is speci�cally dedicated

to revive the institute’s scienti�c past as a research institute and laboratory. �e

scienti�c instrument collection has long been a silent witness of this past, as are

the old laboratory buildings. �e Lorentz Lab brings the unique origins of this

heritage into life in a carefully recreated historical setting of Teylers’ Physics Lab-

oratory.

Here working replica’s, theatrical support and a tailor made educational pro-

gram allow di�erent groups of visitors to participate in science directly and en-

gage with the activities and scientists that shaped Teylers Museum and its col-

lections.�e program�e Lorentz Formula is dedicated to the general museum

visitor, and Einstein was here is a high-level physics program, designed to pro-

voke questions that �t in with educational requirements and with links to the

school curriculum.

�is lecture will discuss the development of the Lorentz Lab and the central

role of working replicas therein. It will address its challenges, original goals,

experiences and insights - both from the general public and the educational pro-

grams’ point of view.

Invited Talk DD 15.2 Mon 14:00 GP-H7
Physics in Information Comics — ∙Heike Elisabeth Juengst — FHWS

Würzburg

Information comics are comics designed primarily for knowledge transfer.�ey

can be funny or serious, long or short, and can be found all over the world. And,

of course, they can cover any topic.

However, information comics about physics are not very common. ”�e

Physics of Superheroes” by Kakalios is justly popular but does not deal with in-

formation comics at all. Chemistry, on the other hand, is a popular topic for

information comics.

�e reason for this imbalance is a mystery and cannot be solved in this pre-

sentation. Information comics presenting topics from physics will be shown and

the audience will be encouraged to produce their own information comics for

teaching purposes (and for fun).

Invited Talk DD 15.3 Mon 14:30 GP-H7
Jenseits gewohnter Pfade: Ausstellungen neu denken— ∙Christian Sichau
— experimenta gGmbH, Heilbronn

Lange Zeit galten Science Center als Ausstellungsorte, in denen über die Dar-

stellung natürlicher Phänomene Begeisterung für Naturwissenscha� und Tech-

nik geweckt werden sollte. Obwohl hinsichtlich der Besucherzahlen recht er-

folgreich, wurde ihr Ansatz immer wieder als unzureichend kritisiert. Science

Center würden kein adäquates Verständnis der Natur der Naturwissenscha�en

vermitteln, ihnen mangele es an kritischer Re�ektion und an einer ernstha�er

Auseinandersetzung mit derWissenscha� und ihrer Geschichte. Bei dieser gele-

gentlich scharf und polemisch vorgetragenen Kritik wird häu�g übersehen, dass

es seit vielen Jahren und auf internationaler Ebene zahlreiche neue Ansätze gibt.

So wird immer mehr und intensiver in der Science Center-Szene diskutiert, wie

das ö�entliche Verständnis für und über Wissenscha� vermittelt und gestärkt

werden kann. Hierbei kann gerade die Stärke der Science Center - das Erreichen

einer sehr breiten Ö�entlichkeit mit niedrigschwelligen Angeboten - ein wichti-

ger Pluspunkt werden. Am Beispiel der experimenta soll aufgezeigt werden, dass

hier neue - und vielleicht sehr wirksame - Narrative entstehen können.

DD 16: Neue / digitale Medien - Schule
Time: Monday 15:30–16:50 Location: DD-H8

DD 16.1 Mon 15:30 DD-H8
Scienti�cally Speaking: Kollaboratives Lernen digital unterstützen —

∙Thomas Sean Weatherby und Thomas Wilhelm — Didaktik der Physik,

Goethe-Universität Frankfurt am Main, Max-von-Laue-Straße 1, 60439 Frank-

furt am Main
Die individuelle und �üchtige Natur des Schülergesprächs macht es schwierig,

dieses in einer ganzen Klasse bei allen erfolgreich zu strukturieren. Da die Lehr-

kra� nicht bei jeder einzelnen Diskussion anwesend sein kann, um die Lernen-

den zu den naturwissenscha�lichen Vorstellungen zu führen, wird in diesem

Vortrag eine Web-App vorgestellt, die die Lehrkrä�e dabei unter-stützen soll,

Schülergespräche zu einem einfachen und gewinnbringenden Teil des naturwis-

senscha�lichen Unterrichts zu machen. Aufbauend auf Forschungsergebnissen

in der Literatur zu kollaborativem und digitalem Lernen werden die Ideen hin-

ter dem Design und der Verwendung der So�ware vorgestellt. Die dazugehörige

Studie, die gerade in mehreren Schularten in Großbritannien läu�, bettet die

Web-App in einen erprobten Lehrplan zu einfachen Stromkreisen ein und ver-

gleicht den Lernerfolg mit und ohne Benutzung der So�ware.

DD 16.2 Mon 15:50 DD-H8
Interaktive Augmentierung klassischer Lehr�lme — ∙Jürgen Kirstein und
Volkhard Nordmeier— Freie Universität Berlin, Didaktik der Physik

Lehr�lme, insbesondere solche mit experimentellem Bezug, sind im Physikun-

terricht ein Mittel der Anschauung. Studien zur Erklärqualität haben gezeigt,

das die passive Rezeption eines Lehr�lms zum Verstehen nicht ausreicht. Ver-

stehen erfordert vielmehr Lernaktivitäten, mit denen Lernende die Inhalte des

Films selbstständig verarbeiten können. Zur Augmentierung verwendenwir ori-

ginales Filmmaterial und bearbeiten es so, dass Lernende die im Film darge-

stellten (experimentellen) Handlungen oder die Auswertung von Messergebnis-

sen interaktiv nachvollziehen können. Eingebettet in eine an die Dramaturgie

des Films angelehnte digitale Lernumgebung, bietet das Zusammenspiel aus er-

klärenden und inaktiven Elementen neue didaktische Gestaltungsmöglichkei-

ten. Wir haben dieses Konzept anhand des Lehr�lms ”Time dilation, an experi-

ment with mu-mesons” modellha� umgesetzt, der 1963 im Rahmen des US-

Bildungsprogramms des Physical Science Study Committee (PSSC) entstand.

Der Film dokumentiert den Aufbau und die Durchführung dieses klassischen

Experiments zum Nachweis der Zeitdilatation im Detail.

DD 16.3 Mon 16:10 DD-H8
DieÜberzeugungskra� interaktiver Experimentiervideos— ∙LionCorneli-
usGlatz, Roger Erb und Albert Teichrew—Goethe-Universität Frankfurt

am Main
Die Vermittlung des Teilchenmodells als Teil des Basiskonzepts ”Materie” hat
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eine bedeutende Stellung im Physikunterricht. In einer Studie an der Goethe-

Universität Frankfurt wird untersucht, welche Experimente für die Einführung

des Teilchenmodells besser geeignet sind, mit besonderem Augenmerk auf ihre

Überzeugungskra�. Mit Überzeugungskra� ist die Fähigkeit der Experimente

gemeint, einen Wechsel von fachlich falschen zu adäquaten Vorstellungen her-

beizuführen.

Um vor diesem Hintergrund geeignete Experimente reliabel vergleichen zu

können, wurde eine Auswahl an Experimenten zum Teilchenmodell als interak-

tive Videos gestaltet. Ergebnisse der Pilotierung (n=47) mit vier Experimenten

weisen darauf hin, dass die Experimente überzeugender wirken, deren Inhal-

te kognitiv weniger fordernd sind. Nun werden erste Ergebnisse einer Folgeer-

hebung vorgestellt, in der eine größere Anzahl an Experimenten in mehreren

Klassen eingesetzt wurden. Es wird untersucht, wie sich die Vorstellungen der

Schüler*innen zumAufbau derMaterie in Abhängigkeit des Vorwissens und der

Eigenscha�en der Experimente verhalten. Außerdem werden Aussagen über die

Überzeugungskra� der Experimentiervideos getro�en.

DD 16.4 Mon 16:30 DD-H8
Quantitative Analysen zum Einsatz schüler- und schuleigener Smartphones
im Physikunterricht — ∙Daniel Laumann, Malte Ubben, Susanne Heini-

cke und Stefan Heusler—Westfälische Wilhelms-Universität Münster

Smartphones besitzen im Physikunterricht das Potential eine Schnittstelle zwi-

schen klassischen experimentellen und innovativen digitalen Medien darzustel-

len. Um vorhandene didaktische Konzepte zur Vermittlung physikalischer In-

halte in die Praxis zu transferieren, ist es notwendig, Gelingensbedingungen

zu identi�zieren. Dabei erscheint die Frage relevant, inwiefern Lernen im Phy-

sikunterricht durch schüler- oder schuleigene Smartphones beein�usst wird.

Das BMBF-Projekt smart for science untersucht beide Nutzungsszenarien durch

einen quasi-experimentellen Gruppenvergleich für die Nutzung schüler- oder

schuleigener Smartphones im Rahmen von drei jeweils mehrstündigen, am Re-

gelunterricht der Fächer Physik, Mathematik und Chemie orientierten Work-

shops zum�ema ”Elektromobilität”. Die vorläu�genErgebnisse imFach Physik

zeigen, inwiefern für den Lernprozess relevante Variablen (Fachwissen, kogniti-

ve Belastung, Interesse etc.) durch die verschiedenen Nutzungsszenarien beein-

�usst werden. Weiterführende Ergebnisse berichten auch über mögliche positi-

ve Ein�üsse auf das Lernen bei zeitlich eingeschränkter Nutzung schülereigener

Smartphones.

DD 17: Neue / digitale Medien - AR
Time: Monday 15:30–16:50 Location: DD-H9

DD 17.1 Mon 15:30 DD-H9
Technische Entwicklung eines Augmented-Reality-Experiments zu polarisa-
tionsverschränkten Photonenpaaren— ∙AdrianAbazi1, Paul Schlummer2,
Jonas Lauströer

3
, Rasmus Borkamp

3
, Reinhard Schulz-Schaeffer

3
,

Stefan Heusler
2
, Daniel Laumann

2
, Wolfram Pernice

1
und Carsten

Schuck
1
—

1
Center for Nanotechnology, WWU Münster —

2
Institut für Di-

daktik der Physik, WWUMünster —
3
Department Design, HAW Hamburg

Viele didaktische Ansätze haben Schwierigkeiten, aufgrund von komplexen Auf-

bauten und weiter Separation zwischen abstrakten Modellen und dem Akt des

Experimentierens,Quanten-Phänomene e�ektiv zu vermitteln.Wie eine Synthe-

se von Experiment und Modell auf technischer Ebene umgesetzt werden kann,

präsentieren wir beispielha� an einem Experiment zu polarisationsverschränk-

ten Photonenpaaren gestützt durch eine Augmented-Reality-Umgebung. In der

AR-Umgebung werden dem Experimentierenden, in Echtzeit interaktive holo-

gra�sche Elemente, in Form von Visualisierungen von Messwerten und Mo-

dellen, welche die abstrakten Prozesse zugänglicher machen sollen, im Sicht-

feld einer AR-Brille eingeblendet. Der entwickelte experimentelle Aufbau, ei-

ne nicht-linear optisch basierende Photonenpaarquelle und simpli�zierter Bell-

Messungsapparat, besteht nur aus kommerziell erhältlichen Komponenten, um

eine simple Transferierbarkeit auf andere Standorte zu gewährleisten. Die nut-

zerfreundliche Engine Unity, mit der die AR-Umgebung entwickelt wurde und

in Python geschriebene modulare Schnittstellen, ermöglichen eine hohe Modi-

�zierbarkeit der Umgebung für weitere Experimente und Aufbauten.

DD 17.2 Mon 15:50 DD-H9
PUMA : Magnetlabor * AR-Applikationen für den Einsatz in Lernstationen
im Lehr-Lern-Labor — ∙Hagen Schwanke und Thomas Trefzger — Uni-
versität Würzburg

Experimente stehen im naturwissenscha�lichen Unterricht nach wie vor im

Zentrum des Unterrichtsgeschehens. Durch den Digitalpakt Schule und die

Weiterentwicklungen im informationstechnischen Bereich ergänzen inzwischen

kostengünstige digitale Medien und Werkzeuge das Experiment im Unterricht.

Die Sekundarstufe I bietet zum�ema der Elektrizitätslehre viele Experimen-

te zur Anwendung einer augmentierten Lernumgebung. Die in dem Projekt

PhysikUnterricht Mit Augmentierung (PUMA) entwickelte Applikation PUMA:

Magnetlabor soll hauptsächlich die Modelle der magnetischen Felder sichtbar

machen.

In diesem Vortrag wird zunächst die Frage geklärt, warum sich Augmented

Reality (AR) zum�ema Magnetismus anbietet. Daraufhin wird die Studie und

derenVerlauf dargestellt. Dabei werden beispielha� einzelne Stationen einer Ler-

numgebung vorgestellt, welche auf Grundlage eines Schülerexperimentiersatzes

für ein Lehr-Lern-Labor an der Universität Würzburg konzipiert wurden. Eine

Herausforderung stellt u.a. die richtige Gestaltung von Aufgaben zur förderli-

chen Anwendung von AR dar.

DD 17.3 Mon 16:10 DD-H9
PUMA : Spannungslabor - Eine AR-Applikation für den Einsatz in der E-
Lehre der Sek I — ∙Florian Frank, Christoph Stolzenberger und Tho-
mas Trefzger— Julius-Maximilians-Universität Würzburg, Lehrstuhl für Phy-

sik und ihre Didaktik
Mit Hilfe von Augmented-Reality-Apps können virtuelle Objekte und Texte in

Echtzeit in die reale Welt (z.B. auch bei physikalischen Experimenten) einge-

fügt werden. Unter dem Namen PUMA (PhysikUnterricht Mit Augmentierung)

werden AR-Applikationen für den Einsatz in der schulischen Physiklehre ent-

wickelt. Die AR-App PUMA : Spannungslabor erweitert Experimente zu ein-

fachen Stromkreisen um AR-Darstellungen elektrischer Ströme und Potentiale

. Durch die Beobachtung dieser sonst nicht wahrnehmbaren Größen können

Schüler*innen selbstständig erforschen, warum und auf welche Weise Elektro-

nen in geschlossenen Stromkreisen �ießen und welche Gesetzmäßigkeiten bei

Reihen- oder Parallelschaltungen gelten. Die App bietet Möglichkeiten für die

Bildung undÜberprüfung eigener qualitativer Aussagen zumStromkreis und er-

laubt durch Einblendung von Kenn- und Messwerten zusätzlich die Gewinnung

halbquantitativer Erkenntnisse. In Lupen-Ansichten verschiedener elektrischer

Bauteile können außerdem die Interaktionen der Leitungselektronen mit den

Atomrümpfen nach dem Drude-Modell beobachtet werden und ein qualitatives

Verständnis für den elektrischen Widerstand gebildet werden.

In diesem Vortrag wird die Applikation PUMA : Spannungslabor mit ihren

Funktionalitäten vorgestellt und die entwicklungsbegleitende Forschung zusam-

mengefasst beschrieben.

DD 17.4 Mon 16:30 DD-H9
Lehrkrä�efortbildung zuAugmented Reality-Experimenten imPhysikunter-
richt — ∙Mareike Freese

1
, Albert Teichrew

1
, JanWinkelmann

2
, Roger

Erb
1
,MarkUllrich

1
undMichaelTremmel

1
—

1
Goethe-Universität Frank-

furt am Main —
2
PH Schwäbisch Gmünd

Physikalische Modelle sind als Teil der naturwissenscha�lichen Erkenntnisge-

winnung in den Bildungsstandards verankert. Studien zeigen jedoch, dass selbst

Lehrkrä�e häu�g Schwierigkeiten mit Modellen haben, da sie als abstrakt gelten

und daher weniger häu�g explizit im Unterricht behandelt werden. Das digitale

Werkzeug Augmented Reality (AR) ermöglicht, reale Experimente im Physikun-

terricht in Echtzeit um virtuelle Modellierungen zu erweitern, was die zugrunde

liegenden Modelle besser zugänglich macht.

In unserem QLB-geförderten Projekt werden Lehrkrä�e in Anlehnung an

das TPACK-Modell in fünf Sitzungen innerhalb eines halben Jahres in einer

Fortbildung darin geschult, AR-Experimente im eigenen Unterricht einzuset-

zen (TPACK), indem sie lernen, das So�warepaket GeoGebra zu bedienen (TK),

Modelle zu physikalischen Phänomenen zu konstruieren (TCK) und didakti-

sche Materialien zu den Modellen zu entwerfen (TPK). In einer Abschlusssit-

zung wird die Implementation gemeinsam re�ektiert.

Der Kompetenzzuwachs wird in einem Pre-Post-Design qualitativ und quan-

titativ evaluiert. Zudem werden semistrukturierte Interviews in einem Follow-

up geführt. In dem Beitrag werden die Ergebnisse der Studie vorgestellt.
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DD 18: Lehr-Lernforschung - Schülervorstellungen fachbezogen
Time: Monday 15:30–16:50 Location: DD-H10

DD 18.1 Mon 15:30 DD-H10
Rekonstruktion von Begri�snetzen aus Essays von Schüler*innen zumBasis-
konzept Energie — ∙Dennis Dietz, Karl Pfaff und Claus Bolte — Freie
Universität Berlin
Sowohl aus bildungspolitischer als auch aus lerntheoretischer Perspektive wird

der Vernetzung von Begri�en im Zuge von Lernprozessen eine besondere Rolle

beigemessen. In den letzten Jahren wurden verschiedene Verfahren zur Vernet-

zungsanalyse vorgeschlagen,mit derenHilfe Begri�snetze aus Interviews, Schül-

ergesprächen oder Schulbüchern rekonstruiert und mittels gängiger Netzwerk-

parameter in Bezug auf ihre jeweilige Vernetzung analysiert werden können.

Die Untersuchungen zeigen bedeutsame Zusammenhänge zwischen der Netz-

werkkohärenz der jeweils rekonstruierten Begri�snetze und dem Lernerfolg der

Schüler*innen auf (Kubsch et al., 2019; Podschuweit & Bernholt, 2020). Folge-

richtig schlagen Podschuweit und Bernholt (2020, S. 14) vor, Vernetzungsanaly-

sen dieser Art zur Untersuchung von Schülertexten zu nutzen. In unserem Bei-

trag stellen wir ein dafür eigens entwickeltes Analyseverfahren vor, das die syste-

matische Rekonstruktion von Begri�snetzen aus Schüler*innen-Essays mit Hilfe

unseresModells zur Analyse der Vernetzung von Begri�selementen in Essays er-

möglicht (Dietz & Bolte, 2021). Auf der Grundlage einer theoriegeleiteten Iden-

ti�kation naturwissenscha�lich relevanter Begri�e und auf der Basis theoreti-

scher Anleihen aus der germanistischen Linguistik haben wir Begri�snetze zum

Basiskonzept Energie aus Essays von 50 Schüler*innen der 9. Jahrgangsstufe re-

konstruiert. Im Rahmen unseres Vortrags stellen wir das Verfahren sowie pro-

totypische Begri�snetze zur Diskussion.

DD 18.2 Mon 15:50 DD-H10
Assessing Austrian high school students’ understanding of basic wave op-
tics phenomena using the Conceptual Survey on Wave Optics— ∙Karolina
Matejak Cvenic

1
, Maja Planinic

1
, Ana Susac

2
, Lana Ivanjek

3
, Kata-

rina Jelicic
1
, and Martin Hopf

4
—

1
Department of Physics, Faculty of Sci-

ence, University of Zagreb, Croatia —
2
Department of Applied Physics, Fac-

ulty of Electrical Engineering and Computing, University of Zagreb, Croatia —
3
Faculty of Physics, Physics Education Research, Technische Universität Dres-

den, Germany—
4
University of Vienna, Austrian Educational CompetenceCen-

tre Physics, Austria

�e Conceptual Survey onWave Optics (CSWO) is a new diagnostic instrument

aimed at the assessment of high school students’ understanding of some basic

phenomena of wave optics.�e CSWO consists of 26 multiple choice items that

include questions about double-slit and optical grating interference, single-slit

di�raction, and polarization of light.�e �nal version of the CSWOwas admin-

istered to 170 students of several Viennese high schools, who took the test in an

online form a�er �nishing regular school instructions on wave optics. �e sur-

vey was conducted during the summer term of school year 2020/21.�e Rasch

analysis of the results of Austrian students on this survey will be presented and

discussed, together with some implications for high school instruction on wave

optics. �e results suggest that wave optics is a rather di�cult topic for high

school students, and it seems that recognizing patterns and explaining the basic

wave optics phenomena are especially di�cult tasks for students.

DD 18.3 Mon 16:10 DD-H10
Entwicklung und Evaluation eines Optikprojekts zu Schülervorstellungen in
der Primarstufe— ∙Linda Seufert, Wolfgang Lutz und Thomas Trefzger

— Julius-Maximilians-Universität Würzburg

Bereits in der Grundschule bringen die Schülerinnen und Schüler Präkonzepte

zu physikalischen Phänomenen aus der Optik mit in den Unterricht, beispiels-

weise zum Sehvorgang oder demWahrnehmen von Farben. Um ihnenmöglichst

frühzeitig ein anschlussfähiges Konzept an die Hand zu geben, sollten physi-

kalische Inhalte zur Optik bereits im Sachunterricht der Primarstufe behandelt

werden. Die Entwicklung eines konzeptionellen Verständnisses stellt dabei ein

zentrales Ziel des Unterrichts dar und kann durch verschiedene Experimente

undVisualisierungen unterstützt werden. Vor diesemHintergrundwurde für die

vierte Jahrgangsstufe eine Unterrichtskonzeption zum Sehvorgang sowie zum

�ema Licht & Farben entwickelt und in einer Intervention erprobt. Mit Hil-

fe von Interviews wurden die Vorstellungen der Schülerinnen und Schüler zu

dieser�ematik sowohl vor als auch nach der Intervention erhoben. Im Beitrag

werden die Unterrichtskonzeption, die zugrundeliegenden didaktischen Über-

legungen und die verwendeten Materialien vorgestellt sowie Einblicke in die Er-

kenntnisse aus den Interviews gegeben.

DD 18.4 Mon 16:30 DD-H10
Student understanding of half-life and background radiation— ∙MichaelM

Hull, EvaHolzinger, Maximilian Jeidler, andMarkusWintersteller—

Universität Wien, Wien, Österreich

We have been studying the conceptual understanding of high school students

about radioactivity, particularly regarding background radiation and half-life.

We have seen that it is di�cult for learners to grapple with the idea that ran-

dom behavior of individual atoms can give rise to predictable patterns in the

collective, and many students have said both on the Fission as a RandomOccur-

rence Survey (FAROS) and in interviews that, if you are looking at an individual

atom, half of the atom will have �ssioned a�er one half-life. Our �ndings have

indicated, however, that this idea (of individual atoms �ssioning in a predictably

continuous manner) is o�en not a robust and intact mental structure; rather,

in other contexts, the same students correctly discuss �ssion as being instan-

taneous and unpredictable. Approaches to teaching radioactivity that take this

�uidity of student reasoning into account are desired. We created and validated

an expanded version of FAROS and are using the survey to assess ”�e Radiation

Around Us”, curriculum that does exactly that.

DD 19: neue Konzepte - Physikunterricht
Time: Monday 15:30–16:50 Location: DD-H11

DD 19.1 Mon 15:30 DD-H11
Analyse dynamischerUnterrichtsinteraktionenmitHilfe vonAdvanced State
Space Grids — ∙Niklas Litzenberger und Andreas Pysik — Johannes

Gutenberg-Universität, Mainz, Deutschland

Unterricht zeichnet sich durch komplexe Interaktionen aus. Dies stellt die Un-

terrichtsforschung vor einemethodischeHerausforderung, wenn dieseDynamik

erfasst werden soll. Häu�g werden bislang Methoden eingesetzt, die auf globa-

le Einschätzungen des Unterrichts abzielen, wobei Aussagen über dynamische

Prozesse ausbleiben. Für die dynamische Erforschung von Unterrichtsaktionen

bieten die von Hollenstein (2013) entwickelten State Space Grids (SSG) eine ge-

eignete Grundlage. SSG ermöglichen es, den zeitlichen Verlauf zweier Indikato-

ren abzubilden. Das Ziel der hier vorgestellten Studie ist es, zusätzlich den Zu-

sammenhang zweier Indikatoren numerisch zu erfassen zu können. Dazu wer-

den SSG durch mathematisch fundierte Begri�e zu Advanced State Space Grids

(ASSG) erweitert, mit Standardmethoden der Unterrichtsforschung verglichen

und so ihre Praktikabilität geprü�. Dazu gehören unter anderem neue Zusam-

menhangsstärken zwischen den erfassten Indikatoren, Chi-Quadrat-Tests, Pa-

rameter zu Streudichten und Abweichungen, sowie ein Flussdiagramm für die

Interpretation der Parameter. KritischeWerte der Parameter wurden durch zwei

Millionen Simulationen von Kombinationen von Indikatoren festgestellt. Erste

Ergebnisse zeigen, dass ASSGs Zusammenhänge zwischen Unterrichtsmerkma-

len beschreiben können, die mit Globalbewertungen nicht untersuchbar sind.

Entsprechende Implikationen sowie Vor- und Nachteile der ASSG-Methode

werden in diesem Beitrag diskutiert.

DD 19.2 Mon 15:50 DD-H11
Das kontextstrukturierte Unterrichtskonzept EPo-EKo — ∙Jan-Philipp
Burde

1
, Liza Dopatka

2
, Verena Spatz

2
, Martin Hopf

3
, Thomas

Wilhelm
4
, Thomas Schubatzky

5
, ClaudiaHaagen-Schützenhöfer

5
, La-

na Ivanjek
6
und Benedikt Gottschlich

1
—

1
Universität Tübingen —

2
TU

Darmstadt —
3
Universität Wien —

4
Universität Frankfurt —

5
Universität Graz

—
6
TU Dresden

Ein Ziel des binationalen Projektes “Elektrizitätslehre mit Potenzial – Elek-

trizitätslehre mit Kontexten” (EPo-EKo) besteht darin, den Elektrizitätslehre-

unterricht lernwirksamer und interessanter zu gestalten. Spätestens seit den

KMK-Beschlüssen wird ein stärkerer Einbezug von Kontexten im Physikunter-

richt angestrebt. Vor demHintergrund, dass bisher jedoch kein kontextbasiertes

und empirisch evaluiertes Unterrichtskonzept zu einfachen Stromkreisen exis-

tiert, wurde im Rahmen des EPo-EKo-Projektes ein kontextstrukturiertes Un-

terrichtskonzept auf Basis der Sachstruktur des bewährten, aber rein fachsys-

tematisch ausgerichteten Unterrichtskonzepts “Eine Einführung in die Elektri-

zitätslehre mit Potenzial” (kurz “EPo-Konzept”) entwickelt. Entsprechend der

Erkenntnisse der Interessensforschung werden die fachlichen Inhalte des neu-

en Unterrichtskonzepts “Eine Einführung in die Elektrizitätslehre mit Potenzial

und Kontexten” (kurz “EPo-EKo-Konzept”) u. a. in biologische und medizini-

sche Kontexte eingebettet und entlang dieser erarbeitet. Im Vortrag werden die

Grundideen dieses kontextstrukturierten Unterrichtskonzepts vorgestellt, das

auf Basis des Feedbacks von Lernenden und Lehrkrä�enweiterentwickelt wurde.
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DD 19.3 Mon 16:10 DD-H11
Kreisbewegungen erklären mit abzählbaren radialen Stößen — ∙Bruno
Hartmann—Humboldt Universität, Berlin

Wir entwickeln einen neuen dynamischen Zugang für das Unterrichten der

Kreisbewegung. Nach dem Trägheitsprinzip bewegen sich Körper ohne äußere

Beein�ussung gleichförmig und geradeaus. Mit einem Stoß kann die Bewegung

zur Seite abgelenkt werden. Durch fortgesetztes Ablenken kann ein vollständi-

ger Kreis entstehen.Mit Hilfe von Standardstößen, die alle die gleiche Stärke und

eine wohlde�nierte Richtung haben, konstruieren die Schüler Kreisbewegungen

mit unterschiedlichen Radien, Bahngeschwindigkeiten und Massen. Durch Ab-

zählen der anschaulichen Standardstößewerden alle Ein�ussfaktoren auf die Ra-

dialkra� quanti�ziert. Die angegebenenUnterrichtsbeispiele wurden im gymna-

sialen Physikunterricht erprobt.

DD 19.4 Mon 16:30 DD-H11
Bilder der Kugellinse— ∙ThomasQuick und Johannes Grebe-Ellis—Ber-
gische Universität Wuppertal

Regentropfen, Trinkgläser oder durchsichtige Vasen zeigen vielfältige Linsen-

phänomene, die sich als Kontexte der geometrischen Optik eignen. Aus der Per-

spektive des Physikunterrichts sind alltägliche Linsenerscheinungen allerdings

problematisch, denn die beobachtbaren Phänomene erfüllen zum größten Teil

gerade nicht die paraxiale Approximation, die man üblicherweise zur Behand-

lung von dünnen Linsen und der Bildformation für die möglichst fehlerfreie Ab-

bildung in technischen Werkzeugen heranzieht. Eine Reihe von Erscheinungen

wie z.B. Kaustiken, Bildverzerrungen oderMehrfachabbildungen, die für Schüle-

rinnen und Schüler motivierend und interessant sein könnten, liegen außerhalb

des Beschreibungsrahmens der paraxialen Näherung und werden üblicherwei-

se als Bildfehler angesprochen. Am Beispiel der Kugellinse zeigen wir, wie sich

die Bedingungen der Bildentstehung im optischenGesamtraum explorativ so er-

kunden lassen, dass einerseits auch komplexe Linsenphänomene abseits der op-

tischen Achse einer systematischen Untersuchung zugänglich sind und sich an-

dererseits die einschränkenden Annahmen der paraxialen Näherung schließlich

als Spezialfall ergeben. Als geeignetes Untersuchungsobjekt erweist sich dabei

die virtuelle Kaustik, die das Transformationsverhalten optischer Bilder regelt.

DD 20: außerschulisches Lernen - Konzepte
Time: Monday 15:30–16:50 Location: DD-H12

DD 20.1 Mon 15:30 DD-H12
Mädchenförderung in der Physik— ∙ChristianeRichter undMichaelKo-

morek—Universität Oldenburg

Der Frauenanteil am IfP der Universität Oldenburg (UOL) liegt durchschnitt-

lich bei 25%. Um den Frauenanteil auf allen Quali�kationsebenen zu erhöhen,

wurden zwei markante Stellen charakterisiert, an denen es sinnvoll ist anzuset-

zen. Bereits in der Schule muss es gelingen, mehr Schülerinnen für das Fach

Physik zu begeistern. Cimpian et al. (2020) bringen einen weiteren interessanten

Aspekt ein. Wer Mädchen für MINT-Fächer interessieren will, der sollte sich an

die durchschnittlich Begabten richten, denn bei Letzteren sei das Frauende�zit

am größten. Daraus lässt sich schließen, dass sich Mädchen mit niedrigem Fä-

higkeitsselbstkonzept ein MINT-Studium nicht zutrauen. Die UOL trägt durch

verschiedensteMaßnahmen dazu bei, das Fähigkeitsselbstkonzept vonMädchen

hinsichtlich derMINT-Disziplinenweiterzuentwickeln oder grundlegend aufzu-

bauen und diese so für Physik zu begeistern. In einem dieser Maßnahmen wer-

den Mädchen in einem Dreischritt -Vorbesprechung und Zielfestsetzung, Expe-

rimentiertag, Nachbesprechung und Beratung - dazu angeregt, sich mit einem

physikalischen Problem auseinanderzusetzen. Begleitet durch zwei Bachelor-

Arbeiten wird diese Maßnahme in Kooperation mit dem Projekt AHOI-MINT

im WiSe 21/22 erprobt und evaluiert. Im Vortrag werden das Konzept, dessen

Erprobung und Evaluation vorgestellt. Keywords: Mädchenförderung, Problem-

lösen, Fähigkeitsselbstkonzept

DD 20.2 Mon 15:50 DD-H12
Physikalische Bildung in komplementär vernetzen non-formalen Lernange-
boten— ∙Jonas Tischer, Christin Sajons und Michael Komorek— Uni-

versität Oldenburg

Außerschulische Lernorte verfügen über das wertvolle Potenzial, komplexe

�emen interdisziplinär zu beleuchten. Die physikalische Perspektive ist da-

bei notwendig, damit Kinder und Jugendliche naturwissenscha�lich-technische

Zusammenhänge nachvollziehen und auch erklären können. In einer von

der niedersächsischen BINGO-Umweltsti�ung geförderten ”Komplementären

Projektwoche” werden vorhandene Angebote verschiedener non-formaler Lern-

orte (Museum, Schülerlabor, Umweltbildungszentrum etc.) zum �ema ’Her-

ausforderung Leben imKlimawandel’ ergänzend und auch imKontrast zueinan-

der kombiniert. An der Projektwoche haben fünf 6. Schulklassen an vier Tagen je

einen der Lernorte besucht und am fün�en Tag ihre Erfahrungen re�ektiert. Der

physikalische Fokus wurde an den Lernorten unterschiedlich gesetzt. Die Pro-

jektwoche wurde mittels Beobachtungen und Interviews mit Schüler:innen und

Lehrpersonen (Schule, Lernorte) empirisch begleitet. Transkripte und Arbeits-

ergebnisse der Schüler:innen wurden kategorienbasiert ausgewertet und aufein-

ander bezogen. Im Vortrag wird berichtet, inwiefern die Schüler:innen angebo-

tene Perspektiven rekonstruieren und notwendiges physikalisches und weiteres

Wissen nutzen konnten, um ein komplexes Bild von denHerausforderungen des

Klimawandels aufzubauen.

DD 20.3 Mon 16:10 DD-H12
SmartMatters4You - Intelligente Materie in Workshops und Hands-On-
Laborbesuchen — Cornelia Denz1, Christian Klein-Bösing1, Christina
Kriegel

2
, ∙Barbara Leibrock1 und Julian Repke1— 1

MExLab Physik, Uni-

versität Münster —
2
Center for So� Nanoscience, Universität Münster

Das Projekt ”SmartMatters4You” ist eine Kooperation zwischen dem außer-

schulischen Lernort MExLab Physik an derWestfälischenWilhelms-Universität

Münster und dem Sonderforschungsbereich SFB1459 ”Intelligente Materie: Von

responsiven zu adaptiven Nanosystemen” und richtet sich an Schülerinnen der

Oberstufe und Studentinnen der Chemie, Physik, Biologie und Informatik bis

zum zweiten Semester.

Über die Spanne von drei Jahren werden drei Gruppen von je 50 Teilnehme-

rinnen nach einer erstenAuseinandersetzungmit IntelligenterMaterie in der Be-

werbungmehrereWorkshops zum�emenkomplex absolvieren und die Chance

bekommen, Einblicke in die Laborarbeit des Sonderforschungsbereichs und in

Firmen imMünsterland zu nehmen. Das Projekt vermittelt dabei Wissen, expe-

rimentelle Erfahrungen und Berufseinblicke in den beteiligten Fachbereichen,

bietet darüber hinaus aber zusätzlich eine Austauschmöglichkeit zwischen Schü-

lerinnen der Oberstufe und Studentinnen der Naturwissenscha�en. Im Vortrag

werden die Projektplanung und Ausgestaltung für die erste Gruppe vorgestellt.

DD 20.4 Mon 16:30 DD-H12
Entwicklung von Hands On-Exponaten zur Mikrogravitation — ∙David
Borgelt

1
, Jessica Oertel

2
und Cornelia Denz

2
—

1
Institut für Kernphy-

sik, Wilhelm-Klemm-Str. 9, 48149 Münster —
2
Institut für Angewandte Physik,

Corrensstr. 2 48149 Münster
Im Rahmen des sechswöchigen Open-Air Wissenscha�sfestivals, dem Q.UNI

Camp der WWU Münster mit der Zielgruppe von Kindern und Jugendlichen,

wurdenHands On-Exponate zurMikrogravitation entwickelt. Für dieses Vorha-

ben ist ein mobiler Fallturmmit einer Höhe von 4 m und ein Trampolinexponat

für außerschulische Lernorte konstruiert worden. An diesen Exponaten wur-

den Freifallexperimente mit ausstellungsbezogenen Kriterien entworfen und es

wurde untersucht, inwiefern die in der Entwicklung angestrebten didaktischen

Aspekte erreicht werden konnten. Dazu ist eine explorative Studie anhand von

Interviews mit Kindern durchgeführt worden. Im Vortrag wird ein Einblick in

die Exponatsentwicklung und Ergebnisse der Studie gegeben sowie Möglichkei-

ten zur Weiterentwicklung als Workshop an außerschulischen Lernorten vorge-

stellt.

DD 21: Hauptvortrag 2
Time: Tuesday 11:00–11:45 Location: DD-H8

Invited Talk DD 21.1 Tue 11:00 DD-H8
Warum Lehrbuchdarstellungen der Physikgeschichte so schlecht sind – und
was wir daraus lernen können — ∙Oliver Passon — Bergische Universität

Wuppertal

Der Umgang von Lehrbüchern (auf Schul- und Hochschulniveau) mit der Ge-

schichte der Physik ist bekanntlich erschreckend schlampig. Zahllose Ungenau-

igkeiten und Fehler tradieren sich durch die Au�agen hindurch und allem An-

schein nach ist den Autorinnen und Autoren die historische Genauigkeit ih-

rer Darstellungen herzlich egal. Aber warum ist dies so? Mein Vortrag erläu-

tert den Zusammenhang dieser Tatsache zumVerständnis vonWissenscha�, das

den jeweiligen Darstellungen zugrunde liegt. Vereinfacht ausgedrückt: Räumt

man den Naturwissenscha�en einen weitgehenden epistemischen Vorrang ein

206



Physics Education Division (DD) Tuesday

(etwa weil man die wissenscha�liche Methode für hinreichend selbstkorrigie-

rend hält), dann ist die Geschichte der Naturwissenscha�en bloß eine Summe

kontingenter (und damit letztlich irrelevanter) Faktoren. Ich diskutiere damit

zusammenhängende Fragen anhand von Fallbeispielen (unter anderem aus der

Quantenphysik) und entwickle allgemeine Konsequenzen für die Physikdidak-

tik.

DD 22: Lehreraus- und Lehrerfortbildung - neue Ansätze
Time: Tuesday 12:00–13:00 Location: DD-H8

DD 22.1 Tue 12:00 DD-H8
�e Development of personal and professional attributes of students in
a physics content media course — ∙Kathleen Falconer, Stefan Hoff-
mann, and André Bresges— Institut für Physikdidaktik, Universität zu Köln,

Deutschland
�e Medienpraktikum I and Medienpraktikum II were courses devel-

oped to improve the media competences of the HRSeG (Haupt-, Real,

Sekundar- Gesamtschule), SoPäd (Sonderpädagogik) , and GymGe (Gymna-

sium Gesamtschule) physics education students. �e courses focus on the use

and production of media, including videos, simulations, animations, iBooks,

etc. Using a Problem Based Learning (PBL) approach, the students work on

creation, implementation and embedding of a media product for a particular

context. While the personal and professional attributes of successful students in

physics have been studied, the same can*t be said for physics students who cre-

ate physics content media for use in the classroom. We will discuss the changes

in the personal and professional attributes of students in the Medienpraktikum

courses. �e students* re�ective writings and pre/post online surveys were an-

alyzed using grounded theory. In a preliminary analysis, the students* view of

self-management and self-motivation, especially in regards to peer/group learn-

ing seems to develop through their experiences in the course. �ere is mixed

evidence for change in the students* worldview viability of the creation of media

for classrooms.�eir view of the usage and utility of media seems to be change-

able as well.

DD 22.2 Tue 12:20 DD-H8
Entfaltung der Rollen der Mentor*innen und Tutor*innen im Learning-
by-Teaching-Konzept der Physiklehrerausbildung — ∙Stefan Hoffmann,
Kathleen Falconer und André Bresges— Institut für Physikdidaktik, Uni-

versität zu Köln, Deutschland

In der Ausbildung von Physiklehrer*innen setzt man in Köln in den typischen

Erstsemesterkursen in Experimentalphysik bereits seit über 10 Jahren auf tuto-

rielle Konzepte, in denen Physikstudierende direkt zu Studienbeginn erste Leh-

rerfahrung in der Leitung von kleinen Lerngruppen sammeln können. Traditio-

nelle Vorlesungen wurden durch aktivierendere Formate und ein verschiedene

Schulformen und -fächer integrierendes Lehr-Lern-Konzept ersetzt: Learning by

Teaching. Die Forschung zur Entwicklung und Verfeinerung des Konzepts ver-

wendete das Modell des *Lehrers als Re�exionspraktiker* der Aktionsforschung

(vgl. Kemmis &McTaggert 1988). Dabei waren Lehrende gleichzeitig in der Rol-

le von Forschern, die Ihre eigene Lehrpraxis erforschten. Der Fokus lag zunächst

auf der Rolle der Lehrenden und auf Umfang und Ablauf der studentischen Ak-

tivitäten. In der weiteren Entwicklung fand eine deutliche Entfaltung der Hand-

lungsfähigkeit der beteiligten Rollen der Mentor*innen und Tutor*innen statt.

Der Vortrag konzentriert sich auf die stetige Weiterentwicklung mittels Metho-

den der Partizipatorischen und Emanzipatorischen Aktionsforschung (vgl. Eilks

2018). Besonders deutlichwerden die Entwicklungen durchBetrachtung der ein-

zelnen am Learning by Teaching beteiligten Rollen (Tutor*innen, Tutees, Men-

tor*innen, Lehrende) und deren Evolution im Rahmen des Action Research Per-

sonality Continuum (Gibbs 2016).

DD 22.3 Tue 12:40 DD-H8
Einstellungen von Lehramtsstudierenden zu naturwissenscha�lich-
integriertem Unterricht— ∙Jana Biedenbach und Verena Spatz— Techni-
sche Universität Darmstadt
Ein Fach oder drei Fächer?Naturwissenscha�en oder Biologie, Chemie und Phy-

sik? Insbesondere im Kontext der Sekundarstufe I wird dies immer wieder dis-

kutiert.

Lehramtsstudierende studieren in der Regel maximal zwei der drei Fächer.

Somit fehlt in den meisten Studiengängen eine ganzheitliche Herangehenswei-

se an die Naturwissenscha�en, sodass den zukün�igen Lehrkrä�en häu�g der

Zugang zu naturwissenscha�lich-integrierten Unterrichtsansätzen im Studium

verborgen bleibt.

Der Vernetzungsbereich an der TU Darmstadt hat das generelle Ziel, Lehr-

amtsstudierende über die Grenzen ihrer Fächer hinaus gezielt zusammenzubrin-

gen, um interdisziplinäre Zugänge zum Unterricht zu thematisieren. Für diesen

Vernetzungsbereich wurde das Modul ’Erkenntnisgewinnung in den Naturwis-

senscha�en’ von Grund auf neu konzipiert.

Im Rahmen einer Seminarsitzung werden die Vor- und Nachteile des

naturwissenscha�lich-integrierten Unterrichts diskutiert. Im Anschluss an die-

ses�ema fertigen die Studierenden eine persönliche Stellungnahme an, anhand

derer ausgewertet wird, welche Argumente für die Lehramtsstudierenden be-

deutsam sind. Der Vortrag stellt das Ergebnis dieser Auswertung vor.

DD 23: Neue / digitale Medien -VR
Time: Tuesday 12:00–13:00 Location: DD-H9

DD 23.1 Tue 12:00 DD-H9
VRE Physik im digitalen Labor— ∙Johannes Lhotzky, William Lindlahr

und KlausWendt— Johannes Gutenberg-Universität, Institut für Physik

Der Physikunterricht lebt von seinen Experimenten und von der aktivenAusein-

andersetzung mit physikalischen Untersuchungsgegenständen und Phänome-

nen. Wegen hoher Gefahrenquellen, die bspw. von radioaktiven Sto�en, Lasern

oder Hochspannungseinsatz ausgehen, gibt es Versuche, die (bisher) nicht oder

nur erschwert im Unterricht durchgeführt werden können. Eine Möglichkeit,

dennoch eigenständig experimentieren zu können, bieten die an der Johannes

Gutenberg-Universität entwickelten Virtual-Reality-Experimente (VRE). Diese

bilden in einer digitalen, aber authentischenWelt reale Physik ab. Innerhalb der

VRE können Experimentemit den dazugehörigen Apparaturen undGeräten be-

nutzt und bedient werden. So sieht der Funktionsumfang der So�ware u.a. vor,

Messbereiche an Multimetern zu variieren oder Spannungen/ Ströme, Timer

und Zählvorrichtungen zu betätigen - gleichermaßen wie wir es auch am Real-

experiment durchführen würden. Durch die plattformübergreifende Kompati-

bilität der So�ware ist es neben Smartphones, Tablets und Computern ebenso

möglich, die virtuellen Versuche auf interaktiven BildschirmenwieWhiteboards

zu betreiben. Im Vortrag werden konkrete Realisierungen vom CsBa-Generator

bis zur Röntgenspektroskopie präsentiert.

DD 23.2 Tue 12:20 DD-H9
DasRastertunnelmikroskop -Konzeption einesVirtual-Reality-Experiments
(VRE)— ∙Jan Simon, Aaron Reith, Johannes Lhotzky und KlausWendt

— Johannes Gutenberg-Universität, Institut für Physik

Virtual-Reality-Experimente (VRE) stellen realistische 3D-Simulationen natur-

wissenscha�licher Versuche dar. Dabei sollen vor allem Experimente umgesetzt

werden, deren Anscha�ung für die Schule zu teuer ist oder von denen zu hohe

Gefahrenpotentiale ausgehen. VRE ermöglichen durch ihre digitale Verfügbar-

keit Partizipation, wo diese sonst nicht oder nur eingeschränkt möglich wäre.

Das Rastertunnelmikroskop (RTM) kann aufgrund des Tunnele�ekts die Ober-

�ächenstruktur von leitenden Materialien, wie z.B. Graphit und Gold, auf ato-

marer Ebene visualisieren. Um die aufgenommenen Kristallstrukturen interpre-

tieren zu können, muss das Orbitalmodell verwendet werden. Somit bietet das

RTM eine einzigartige Möglichkeit, sowohl die physikalischen E�ekte als auch

die Modelle zu thematisieren. Das RTM wird in der Schule üblicherweise nur

theoretisch behandelt. Gründe dafür sind vor allem der hohe Anscha�ungspreis,

zeitaufwendige Durchführung und die Fehleranfälligkeit aufgrund von äußeren

Ein�üssen. Somit erö�net die Realisierung des RTM als virtuelles Versuchslabor

eine Experimentierumgebung, in der sich Lernende eigenständig mit der�e-

matik beschä�igen und die Welt der Atome entdecken können. Im Vortrag wird

derWeg der Entwicklung des RTM als VRE von den phys. Grundlagen undMo-

dellierungen bis hin zur praktischen Umsetzung dargestellt.

DD 23.3 Tue 12:40 DD-H9
Virtual-Reality-Experimente — ∙William Lindlahr

1
, Johannes Lhotzky

2

und Klaus Wendt
2
—

1
Fachhochschule Südwestfalen, Medienpädagogik —

2
Johannes Gutenberg-Universität, Institut für Physik

Der Physikunterricht lebt von seinen Experimenten und von der aktiven Aus-

einandersetzung mit physikalischen Untersuchungsgegenständen und Phäno-

menen. Wegen hoher Gefahrenquellen, die von bspw. radioaktiven Sto�en, La-

207



Physics Education Division (DD) Tuesday

sern oder Hochspannung ausgehen, gibt es Versuche, die (bisher) nicht oder er-

schwert im Unterricht durchgeführt werden können.

Eine Möglichkeit, dennoch experimentieren zu können, bieten die an

der Johannes Gutenberg-Universität entwickelten Virtual-Reality-Experimente

(VRE). Diese bilden in einer digitalen, aber authentischen Welt reale Physik ab.

Innerhalb der VRE können Experimente mit allen dazugehörigen Apparaturen

und Geräten benutzt und bedient werden. Damit werden die Potenziale von

”Touch-Medien” im Unterricht genutzt, um Schülerinnen und Schülern neue

Möglichkeiten des Experimentierens zu erö�nen.

Das Konzept konnte sich in der Zwischenzeit auch im Fernunterricht der

Corona-Pandemie bewähren. Gleichzeitig bieten VRE einen fachspezi�schen

Ansatz zur Erfüllung der Ziele der Strategie zur ”Bildung in der digitalen Welt”

der Kultusministerkonferenz.

Im Vortrag wird das Konzept der VRE vorgestellt und im Überblick präsen-

tiert.

DD 24: Physikdidaktik und Inklusion - Experimentieren
Time: Tuesday 12:00–13:00 Location: DD-H10

DD 24.1 Tue 12:00 DD-H10
Akzeptanz und Nutzung von UDL-basierten Unterstützungsangeboten zum
Experimentieren — ∙Franziska Klautke

1
und Heike Theyssen

2
—

1
Universität Duisburg-Essen, Didaktik der Physik —

2
Universität Duisburg-

Essen, Didaktik der Physik

Das Universal Design for Learning (UDL) bietet einen Rahmen für die Mate-

rialentwicklung und Unterrichtsplanung, um die Diversität aller Lernenden im

Fachunterricht zu berücksichtigen und mögliche Lernbarrieren zu reduzieren.

Durch das Bereitstellen von Wahl- und Unterstützungsangeboten sollen ver-

schiedene Zugänge ermöglicht werden. Jedoch ist unklar, unter welchen Voraus-

setzungen Schüler:innen insbesondere bei experimentellen Aufgabenstellungen

in der Lage sind, die Wahlmöglichkeiten selbständig zur Unterstützung des ei-

genen Lernprozesses zu nutzen. Um dieser Frage nachzugehen, wird eine nach

UDL-Prinzipien gestaltete Lerngelegenheit mit Experimenten und einem digi-

talen ”Forscherhe�” entwickelt und erprobt. Lerngegenstand sind dabei die Pla-

nung und der funktionsfähige Aufbau von Experimenten, einschließlich der Be-

rücksichtigung der Variablenkontrollstrategie. Erste Ergebnisse der Pilotierung

der Lerngelegenheit werden im Rahmen dieses Vortrags vorgestellt.

DD 24.2 Tue 12:20 DD-H10
Eine Lehrkrä�efortbildung zum inklusiven Experimentieren — ∙Laura
Sührig

1
, Katja Hartig

1
, Roger Erb

1
, Holger Horz

1
, Albert Teichrew

1
,

Mark Ullrich
1
und JanWinkelmann

2
—

1
Goethe-Universität Frankfurt —

2
Pädagogische Hochschule Schwäbisch Gmünd

Fachunterricht nicht mehr an einer �ktiven Homogenität der Schülerscha� aus-

zurichten, ist inzwischen nicht nur noch eine politische Forderung. Unterricht

so zu gestalten, dass er allen Schüler*innen einer heterogenen Lerngruppe ge-

recht wird, ist jedoch eine anspruchsvolle Aufgabe. Im Physikunterricht ist das

Experimentieren ein wesentlicher Zugang, um Wissen oder Arbeitsweisen zu

vermitteln, und muss daher auch im inklusiven Unterricht eine zentrale Rolle

spielen. Im Projekt *FINEX* versuchen wir deswegen, durch eine Lehrkrä�e-

fortbildung zum inklusiven Experimentieren einen Beitrag zu leisten.

In der Fortbildung lernen Lehrkrä�e ein Konzept zur Gestaltung von Schüler-

experimentierphasen kennen, welches individuelle Lernwege von Schüler*innen

mit einem gemeinsamen (fachlichen) Ziel ermöglicht. Das Konzept bietet die

Basis für eine exemplarische Unterrichtseinheit, die die Teilnehmenden in ihren

Klassen durchführen, sowie für die Entwicklung eigenen Unterrichts innerhalb

der Fortbildung. Nach einer Vorstudie mit Studierenden wurde die Fortbildung

mit Lehrkrä�en durchgeführt. Begleitend wird dabei erhoben, ob sich die Ein-

stellungen der Lehrenden zum inklusiven Experimentieren durch die Teilnahme

ändern. In diesem Vortrag werden das Konzept und die Ergebnisse der Evalua-

tion der Fortbildung vorgestellt.

DD 24.3 Tue 12:40 DD-H10
Adaption einer Experimentierreihe zum �ema *Elektrische Stromkreise*
für Kinder und Jugendliche mit Sehbehinderungen — ∙Manuela Welzel-

Breuer
1
, Daniel MacIsaac

2
, Kathleen Falconer

3
und Pamela Detrois

4

—
1
Pädagogische Hochschule Heidelberg, Deutschland —

2
State University of

New York (SUNY) Bu�alo State College, USA —
3
Institut für Physikdidaktik,

Universität zu Köln, Deutschland —
4
Staatliche Schule für Blinde und Sehbe-

hinderte in Ilvesheim, Deutschland

Das Experimentieren sollte (auch und gerade) im naturwissenscha�lichen Un-

terricht mit blinden und sehbehinderten Menschen eine zentrale Rolle spie-

len, da hierbei die Prinzipien des handelnden Lernens und der Einsatz vieler

Sinne gefördert werden. Das schülerorientierte Durchführen von Experimen-

ten stärkt ihre Handlungs-, Methoden- sowie Sachkompetenz und nimmt da-

mit wichtige blinden- und sehbehindertenpädagogische Lernziele in den Fokus.

Es ermöglicht außerdem die Berücksichtigung individueller Lernprozesse (vgl.

www.vbs.eu/de). Im hier vorgestellten Projekt wurde ein Teil einer ursprüng-

lich für Straßenkinder entwickelten Experimentierreihe für die Bedürfnisse seh-

beeinträchtigter Schüler:innen adaptiert und in der Praxis erprobt. Im Vortrag

werden Beobachtungen und Erkenntnisse aus der ersten Erprobungsphase vor-

gestellt.

DD 25: Hochschuldidaktik - Studieneingangsphase Studierendenperspektive
Time: Tuesday 12:00–13:00 Location: DD-H11

DD 25.1 Tue 12:00 DD-H11
Welche Rolle spielt das Mindset beim Studienabbruch im MINT-Studium? -
Eine fächerübergreifende Erhebung im ersten Semester. — ∙Malte Diede-

rich und Verena Spatz— TU Darmstadt
Viele Studierende aus dem MINT-Bereich stehen in ihrem Studium zum ersten

Mal vor einer großenHerausforderung, welche zumTeil zu Zweifeln an der eige-

nen Begabung führen kann. So verzeichnen Dresel und Grassinger (2013) über

das erste Semester einen dramatischen Motivationseinbruch bei einem erhebli-

chen Anteil der Studierenden. Dies könnte mit dem akademischen Selbstkon-

zept und den impliziten�eorien (Mindsets nach Dweck) zur Intelligenz und

zur Begabung im Fach zusammenhängen - allerdings ist die Befundlage hierzu

heterogen. In der vorliegenden Studie soll daher der Zusammenhang von aka-

demischem Selbstkonzept und impliziten�eorien (Mindsets nach Dweck) mit

Studienabbruchs- und -wechselintentionen untersucht werden. Über eine fachs-

pezi�scheMessung (Rehberg 2020) und die Berücksichtigung von weiteren Ska-

len aus demMindsetMeaning System (Yeager &Dweck 2020) sollen die komple-

xen Auswirkungen in der Studieneingangsphase tiefer verstanden werden. Hier-

für wurde imWS 21/22 an der TUDarmstadt eine Fragebogenerhebung mit 805

Studierenden aus dem ersten Semester der MINT-Studiengänge durchgeführt.

Im Vortrag werden das Design der Erhebung und ausgewählte Ergebnisse vor-

gestellt.

DD 25.2 Tue 12:20 DD-H11
Belastungstrajektorie in der Studieneingangsphase Physik— ∙Simon Z. Lah-
me, LarissaHahn, Ronja Langendorf, JasperO. Cirkel, Susanne Schnei-

der und Pascal Klein—Universität Göttingen, Deutschland

Bisherige Forschungsergebnisse zeigen, dass die Studieneingangsphase Physik

für Studierendemit großenHerausforderungen fachlicher, überfachlicher, admi-

nistrativer sowie persönlicher Natur verbunden ist. Diese können zu individu-

ellen Belastungsemp�ndungen und bei unzureichender Regulation zum Studi-

enabbruch führen. Bisherige Studien betonen die Bedeutung detaillierter Kennt-

nisse über die Quellen der wahrgenommenen Belastung sowie ihre Intensität im

zeitlichen Verlauf der Studieneingangsphase. Sie dienen als empirische Grundla-

ge für die Identi�kation von Faktoren undZeitintervallen, umvonseiten derUni-

versität geeignete Innovationen und Gegenmaßnahmen zu diskutieren und um-

zusetzen. Zu diesem Zweck wurde an der Universität Göttingen wöchentlich ein

Kurzfragebogen eingesetzt, der durch standardisierte Fragen die subjektiv wahr-

genommene Belastungsintensität, den geschätzten Workload sowie individuelle

Belastungsquellen von Physikstudierenden im ersten Studienjahr ab Beginn des

Vorkurses erfasst. Neben einer Beschreibung der zeitlichen Belastungsentwick-

lung der gesamten Kohorte können so auch individuelle Belastungstrajektorien

analysiert sowie au�ällige Teilgruppen identi�ziert werden.

ImVortrag werden die Belastungstrajektorien des ersten Studiensemesters sowie

die Ergebnisse einer induktiven Kategorienbildung zu den studentischen Belas-

tungsquellen präsentiert und diskutiert.
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DD 25.3 Tue 12:40 DD-H11
Studentische Wahrnehmungen zur Studieneingangsphase in Physik-
Studiengängen — ∙Christina Lüders und Heidrun Heinke — RWTH Aa-
chen University

Nach Klemm (2020) wird es in den nächsten Jahren zu einem dramati-

schen Anstieg des MINT-Lehrkrä�emangels kommen. Studierende von MINT-

Lehramtsstudiengängen müssen daher gezielt dabei unterstützt werden ihr Stu-

dium erfolgreich abzuschließen. An der RWTH Aachen werden die Studieren-

den im Lehramt Physik daher von Studienbeginn an in besonderem Maße un-

terstützt. Außerdem bietet die RWTH Aachen seit dem WS 2020/21 ergänzend

zum klassischen sechssemestrigen Bachelorstudiengang Physik einen Reform-

studiengang Physik Plus mit acht Semestern Regelstudienzeit an. Hier können

in den ersten Semestern zusätzliche Veranstaltungen angeboten werden, die den

Übergang von der Schule zur Hochschule erleichtern. Seit dem WS 2019/20

wurden an der RWTH Aachen Studierende des ersten Studienjahres verschie-

dener Physik-Studiengänge in Fragebogen- und Interviewerhebungen zu Ein-

gangsvoraussetzungen, Studienwahlmotiven und Erwartungen sowie zu ihren

Wahrnehmungen in der Studieneingangsphase befragt. In dem Vortrag werden

zusammenfassende Ergebnisse zu diesen Erhebungen für die Studiengänge Phy-

sik, Physik Plus und Lehramt Physik vorgestellt.

DD 26: Quantenphysik - Konzepte
Time: Tuesday 12:00–13:00 Location: DD-H12

DD 26.1 Tue 12:00 DD-H12
How Excitations of the Vacuum form Mass — ∙Hans-Otto Carmesin —
Gymnasium Athenaeum, Harsefelder Straße 40, 21680 Stade — Studiensemi-

nar Stade, Bahnhofstr. 5, 21682 Stade — Universität Bremen, Fachbereich 1,

Postfach 330440, 28334 Bremen

�e Higgs mechanism describes the formation of mass by an excitation of vac-

uum. However, that Higgs mechanism describes the vacuum in terms of a scalar

�eld or potential V(Φ) consisting of a Φ2
- term and a Φ

4
- term, but without

characterizing the nature of the variables Φ or V . In particular, Higgs mecha-
nism does not predict the mass mH of the Higgs boson.
I summarize my covariant quantized �eld equation for the elements of space-

time. Using that equation, I present elementary objects underlying the physical

vacuum as well as the variables Φ andV . In particular, and as a test, I derive the
mass mH in precise accordance with observation. Hereby, I do not use any �t,
instead I derive all results from the universal constantsG, c and h. I report about
corresponding lessons and my experience in a research club.

See e. g. Carmesin, H.-O. (March 2021): Quanta of Spacetime Explain Obser-

vations, Dark Energy, Gravitation and Nonlocality. Berlin: Verlag Dr. Köster,

Carmesin, H.-O. (August 2021): Cosmological and Elementary Particles Ex-

plained by Quantum Gravity. Berlin: Verlag Dr. Köster, (Carmesin, H.-O. (Oc-

tober 2021): �e Elementary Charge Explained by Quantum Gravity. Berlin:

Verlag Dr. Köster.

DD 26.2 Tue 12:20 DD-H12
How do scientists explain basic concepts in quantum physics? — ∙Stina
Scheer and Gunnar Friege — Institut für Didaktik der Mathematik und

Physik, Leibniz Universität Hannover

Quantum physics is o�en perceived as complicated, unintuitive and hard to ex-

plain. So how do experts in quantum physics explain its basic concepts, such as

the uncertainty principle? In an ongoing study we asked young scientists doing

research in quantum metrology to explain such concepts to an interested �rst

year university student. Here we report our initial �ndings on content struc-

ture and explanatory elements used within these explanations. �e design and

evaluation are based on known concepts of explaining and expert-novice com-

munication.

DD 26.3 Tue 12:40 DD-H12
Topologische Modelle für Ununterscheidbarkeit und Verschränkung —
∙Stefan Heusler—WWUMünster
Durch die steigende Bedeutung von Quantentechnologien ergibt sich die Not-

wendigkeit, geeignete Modellierungen auch für komplexere �emen wie dem

der Verschränkung für die Schule zu entwickeln und zu evaluieren.

In diesem Beitrag stellen wir zunächst unsere Verallgemeinerung eines topo-

logischen Ansatzes von P. Dirac zur Beschreibung von Spin j=1/2 Zuständen

(”Dirak-Gürtel”) auf beliebige Spinzustände vor. Dieser Ansatz erlaubt es, Un-

unterscheidbarkeit und Verschränkung haptisch begreifbar zu machen.

Wir diskutieren kritisch die Tauglichkeit des Modells aus fachlicher und fach-

didaktischer Sicht und vergleichen mit anderen Ansätzen zur Vermittlung des

Konzepts der Verschränkung.

DD 27: außerschulisches Lernen - Metaperspektive
Time: Tuesday 16:15–16:55 Location: DD-H8

DD 27.1 Tue 16:15 DD-H8
Bedeutung des non-formalen Lernens für die MINT-Bildung: Interviewstu-
die mit Stakeholdern— ∙Kai Bliesmer und Michael Komorek— Carl von

Ossietzky Universität Oldenburg

Die Vielfalt non-formaler MINT-Bildungsangebote belegt die Ausdi�erenzie-

rung der außerschulischen Bildungslandscha�, die es interessierten Menschen

ermöglicht, sich im Sinne des free-choice learning (Falk & Dierking 1998) frei-

willig mit MINT-Inhalten zu beschä�igen. Eine prosperierende außerschulische

Bildungslandscha� ist dabei in besonderem Maße von der Unterstützung ein-

�ussreicher Personen (Stakeholder) aus Politik, Bildungswissenscha�, Fachdi-

daktik, Wirtscha� und Wissenscha�sjournalismus abhängig, die sich �nanziell

und/oder ideell für das non-formale Lernen einsetzen und es so mitgestalten.

Dochwoher stammt dieses Engagement undwelche Bedeutungweisen Stakehol-

der non-formaler MINT-Bildung zu? Der Vortrag präsentiert eine Studie, in der

Stakeholder in einem leitfadengestützten, teilstandardisierten Interview nach ih-

rer Einschätzung befragt werden, wie non-formale Angebote zurMINT-Bildung

insgesamt beitragen; welche Rolle sie in Zukun� spielen werden; und welchen

Kriterien erfolgreiche non-formale Lernangebote genügen müssen. Von Interes-

se ist auch, wie die Befragten das Image non-formaler MINT-Angebote in der

Allgemeinbevölkerung einschätzen und was sie vorschlagen, um diese zu stär-

ken und für Erwachsene attraktiver zu gestalten. Die Studienergebnisse sollen

helfen, non-formale Lernangebote im MINT-Cluster AHOI_MINT (www.ahoi-

mint.de) weiterzuentwickeln und Generalisierungen hinsichtlich non-formaler

MINT-Bildung zu formulieren.

DD 27.2 Tue 16:35 DD-H8
BMBF-MINT-Cluster AHOI_MINT: Erhebung der von Familien geäußerten
Bedarfe an non-formalen MINT-Angeboten — ∙Michael Komorek, Imke

Ahrenholtz, JonathanNaber, Christin Sajons und Kai Bliesmer—Uni-

versität Oldenburg

Im vom BMBF geförderten MINT-Cluster AHOI_MINT (www.ahoi-mint.de)

werden non-formale, außerschulischeMINT-Bildungsangebote für 10-16jährige

aufgeschlossen, vernetzt und beworben. In dieser Studie wird untersucht, wel-

ches Interesse und welcher Bedarf bei Kindern, Jugendlichen und Eltern an

MINT-Lernangeboten besteht und von außerschulischenMINT-Lernorten oder

von Schulen im AG-Bereich gedeckt werden könnten. In problemzentrierten

qualitativen Interviews mit biogra�schen und episodischen Elementen berich-

ten 10-16jährige bzw. ihre Eltern über Erfahrungenmit non-formalen Bildungs-

angeboten, über ihre Wünsche nach Inhalten und Formaten und darüber, un-

ter welchen Bedingungen sie vorhandene oder neue Angebote im Sinne von

’free choice learning’ nutzen oder nutzen würden. Herausgefordernd war es, eine

Stichprobe optimalen Kontrasts zu ziehen und das Interview an die Vorausset-

zungen der Teilgruppen anzupassen. Im Vortrag werden Ergebnisse vorgestellt,

mit denen die Angebote im Cluster verbessert werden können und die Gene-

ralisierungen hinsichtlich non-formaler MINT-Bildung erlauben. Zu erkennen

sind z. B. die Wünsche nach di�erenzierter methodischer Ö�nung von MINT-

Angeboten und der adressatengerechten Integration von Problemlöseaufgaben.
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DD 28: Geschichte der Physik und NoS
Time: Tuesday 16:15–16:55 Location: DD-H9

DD 28.1 Tue 16:15 DD-H9
Wiederentdeckte astronomische Modelle aus dem frühen 19. Jahrhundert
und ihre didaktischenMöglichkeiten— ∙Olaf Kretzer—Schul- und Volks-
sternwarte Suhl, Hoheloh 1, 98527 Suhl

Astronomie in der Schule - diese heute o� gestellte Forderung ist keine Er�n-

dung des 20. Jahrhunderts. Die Vermittlung astronomischen Wissens und In-

halte lassen sich beispielsweise bis ins beginnende 17. Jahrhundert zurück ver-

folgen. Zumeist waren Schüler höherer Schulen das Zielklientel der Vermittlung.

In der ersten Häl�e des 19. Jahrhunderts hielt in einigen Regionen die Astrono-

mie an den Volksschulen Einzug. Stellvertretend soll hier Leben undWerk eines

Pädagogen untersucht werden, der mit seinen Werken und vor allem mit sei-

nen schulastronomischen Modellen Pionierarbeit geleistet hat. Am Beispiel von

zwei seiner Modelle sollen die Möglichkeiten der Modelle im heutigen Schulun-

terricht aufgezeigt werden.

DD 28.2 Tue 16:35 DD-H9
Zombies im Labor: Das Beispiel des mechanischen Wärmeäquivalents —
∙Peter Heering— Europa-Universität Flensburg

Eine Reihe von Experimenten aus der Geschichte der Physik �ndet sich in uni-

versitären Praktika, aber auch im Physikunterricht vornehmlich der Oberstufe

wieder. Sei dies die Coulombsche Drehwaage, der Franck-Hertz Versuch oder

aber der Millikansche Öltröpfchenversuch; bereits die Benennung verweist auf

einen (o�mals nicht weiter thematisierten) historischen Kontext. Es stellt sich

aber zum einen die Frage, welche Relation die entsprechenden Versuchsaufbau-

ten zu den historischen Apparaturen haben und zum anderen, was die Praxis mit

diesen Aufbauten eigentlich mit Experimentieren zu tun hat. Anhand des Ver-

gleichs der Arbeiten Joules zur Bestimmung des mechanischen Wärmeäquival-

ents, historischer Lehrversionen zu diesem Experiment und aktueller Angebote

von Lehrmittel�rmen werde ich diskutieren, welche Probleme gerade im Hin-

blick auf die Entwicklung eines angemessenen Verständnisses im Bereich Nature

of Science durch derartige Versuche gescha�en werden können.

DD 29: Lehr-Lernforschung - Lernermerkmale
Time: Tuesday 16:15–16:55 Location: DD-H10

DD 29.1 Tue 16:15 DD-H10
Empathisches oder systematisches Denken im Physikunterricht? Testent-
wicklung für Lernende der Sekundarstufe I— ∙JuliaWelberg, Daniel Lau-

mann und SusanneHeinicke—Institut für Didaktik der Physik,WWUMüns-

ter
Es ist hinreichend untersucht, dass Physikunterricht eher Jungen und weniger

Mädchen interessiert. Im Schuljahr 2020/21 machten Mädchen jedoch 1/5 der

Lernenden in Physikleistungskursen in NRW aus - physikinteressierte Mädchen

gibt es also doch?!

Das biologische Geschlecht scheint demnach nicht das einzige Merkmal zu

sein, welches zum Interesse an Physik betrachtet werden sollte. Studien von Zey-

er und Kollegen haben gezeigt, dass Konstrukte der ”Empathising-Systemising

�eory” besser die Motivation Naturwissenscha�en zu lernen beschreiben als

das Geschlecht. Bisherige Erhebungen fanden allerdings ausschließlich ab der

Sekundarstufe II statt. Von Interesse sind jedoch auch Zusammenhänge von em-

pathischem und systematischem Denken in der Sekundarstufe I, da hier beson-

ders im Bereich der Mittelstufe das Interesse an Physik(unterricht) stark sinkt.

Für die Erfassung der Konstrukte lag jedoch bis jetzt kein geeignetes Erhebungs-

instrument vor.

ImBeitrag werden die Entwicklungsschritte zu einer geeigneten Kurzskala zur

Erfassung des empathischen und systematischenDenkens von Schülerinnen und

Schülern der Sekundarstufe I vorgestellt und erste Ergebnisse in Bezug auf das

Fachinteresse Physik gezeigt.

DD 29.2 Tue 16:35 DD-H10
GrowthMindset (Cultures),Uni-Schul-Kooperationenund innovative Schul-
konzepte — ∙Lars Möhring, Jannik Henze und André Bresges — Inst. f.

Phydid, Universität zu Köln

Die Kultur im Klassenraum aber auch der ganzen Schule hat einen großen Ein-

�uss auf das Mindset von Lernenden und bein�usst deren Lernstrategien und

-bilder stark. Menschen mit einem Fixed Mindset sehen Fähigkeiten als präde-

terminiert an, Menschen mit einem Growth Mindset verstehen Fähigkeiten und

Potential als veränderlich und entwickelbar. Ein Growth Mindset fördert Resili-

enz gegenüber Rückschlägen, hil� aus Fehlern zu lernen und minimiert Rück-

stände von vernachlässigten Lerngruppen. EinGrowthMindset förderliches Kli-

ma im Klassenraum umfasst viele lernförderliche und inklusive Aspekte.

Die Inklusive Universitätsschule Köln weist ein modernes Schulkonzept auf

und das Intelligenz- und physikbezogene-Mindset der Lernenden konnte imZu-

sammenhangmit dem Projekt ”Zukun� gestaltenmitMensch und Technik” un-

tersucht werden. Ein�üsse des Projektes sowie unterschiedlicher digitaler Lern-

werkzeuge und ein Vergleich zu ”klassischen” Schulen werden im Vortrag prä-

sentiert.

DD 30: Lehreraus- und Lehrerfortbildung - neue Ansätze
Time: Tuesday 16:15–16:55 Location: DD-H11

DD 30.1 Tue 16:15 DD-H11
Emotionale Professionalität: Ein wichtiger Faktor zur Entwicklung von
der Resilienz bei Physiklehrer*innen? — ∙Benjamin Niehs

1
, Michel

Noethlichs
2
und André Bresges

3
—

1
Europaschule Bornheim, 52223 Born-

heim —
2
ZfSL Leverkusen, 51379 Leverkusen —

3
Institut für Physikdidaktik,

Universität zu Köln, 50923 Köln

Junge Lehrende stehen beim Übergang von der ersten zur zweiten Phase vor

bedeutenden Herausforderungen wie dem Experimentieren mit Lernenden in

einer ungewohnten Umgebung, die Anpassung fachlicher Inhalte an das Niveau

der Zielgruppe und, besonders ungewohnt, die Entwicklung einer emotionalen

Professionalität. Das Arbeitsfeld Schule ist gekennzeichnet von widersprüchli-

chenHandlungsanforderungen: Erziehen,Disziplinieren, Sanktionieren undBe-

werten auf der einen Seite, Beziehungslernen und emotionale Unterstützung auf

der anderen Seite, welche ohnehin schwierig zu vereinbaren sind. Hinzu kommt,

dass Physik Lehrende auch noch Vorbilder in wissenscha�licher Neutralität und

objektiver Distanz sein sollten. Für den Berufsanfänger sind dies zumTeil unver-

einbare Anforderungen, die zu einem Praxisschock erhöhtem Bewertungsdruck

und Scha�enskrisen führen können. Der Aufbau einer emotionalen Professiona-

lität ist daher aus unserer Sicht ein wichtiger Faktor zur Entwicklung der Resi-

lienz bei Physik Lehrenden. Im Beitrag werden wird die De�nition emotionaler

Professionalität in geeigneten Quellen betrachtet und Ansätze zur längsschnitt-

lichen Untersuchung der Entwicklung emotionale Professionalität diskutiert.

DD 30.2 Tue 16:35 DD-H11
Interviewstudie zur Lernergebnissicherung im Physikunterricht aus der Per-
spektive von Physikfachleiter:innen — ∙Jessica Schilling, Johannes F.
Lhotzky und Klaus Wendt — Johannes Gutenberg-Universität Mainz, Ger-

many

Die Sicherung von Lernergebnissen ist ein zentraler Teil von Lehr-Lernprozessen

im Physikunterricht und bezweckt eine nachhaltige Integration des Lernzuge-

winns in das bereits bestehende Wissensnetz von Schüler:innen. Bisher �ndet

die Planung und Gestaltung von Lernergebnissicherungen im Physikunterricht

jedoch nur sehr wenig Beachtung in der fachdidaktischen Literatur. Zudem gibt

es kein einheitliches Verständnis darüber, was unter der Sicherung von Lerner-

gebnissen verstanden wird und welche Bedeutung dieser in der konkreten Un-

terrichtsgestaltung sowie in der Ausbildung zukün�iger Lehrkrä�e zugeschrie-

ben wird. Da Physikfachleiter:innen die Vorstellungen und Unterrichtsplanun-

gen von angehenden Physiklehrkrä�en im Referendariat maßgeblich prägen,

wurde im Rahmen einer Masterarbeit an der Johannes Gutenberg-Universität

Mainz die Bedeutung der Lernergebnissicherung in der zweiten Ausbildungs-

phase Physik untersucht. Dazu wurden vier leitfadengestützte, qualitative Ex-

pert:inneninterviewsmit rheinland-pfälzischen Physikfachleiter:innen durchge-

führt und mit MAXQDA kategorienbasiert ausgewertet. Im Vortrag werden die

Ergebnisse der durchgeführten Interviewstudie zur Bedeutung der Lernergeb-

nissicherung im Physikunterricht vorgestellt.
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DD 31: Praktika und neue Praktikumsversuche
Time: Tuesday 16:15–16:55 Location: DD-H12

DD 31.1 Tue 16:15 DD-H12
Warum ist die Gerade krumm? Messdaten interpretieren lernen am Beispiel
des Stefan-Boltzmann-Gesetzes — ∙Michael Daam

1
, Fabienne Müller

1
,

Antje Bergmann
1
, CarstenRockstuhl

1
und RonnyNawrodt

2
—

1
Institut

für �eoretische Festkörperphysik, Karlsruher Institut für Technologie —
2
Physik und ihre Didaktik, Universität Stuttgart

Ein typischer Versuch im physikalischen Anfängerpraktikum vieler Universitä-

ten ist die Veri�zierung des Stefan-Boltzmann-Gesetzes mit einer�ermosäu-

le und einem näherungsweise schwarzen Strahler. In unserem Aufbau, mit ei-

nem elektrisch geheizten Leslie-Würfel, passen die Messwerte nur auf den ers-

ten Blick zur�eorie. Wird die gemessene Strahlungsleistung über der vierten

Potenz der Temperatur aufgetragen, ergibt sich anstatt der vorhergesagten Ge-

raden eine leicht gekrümmte Kurve. Obwohl diese Abweichung o�enbar nicht

statistischer Natur ist, gehen Studierende in der Regel darüber hinweg und sehen

in ihren Messwerten eine Bestätigung des Stefan-Boltzmann-Gesetzes.

Wir stellen eine Umsetzung des Experiments vor, die den Studierenden ihren

unkritischen Umgang mit den Messwerten und dem zugrunde liegenden Mo-

dell vor Augen führt, Methoden für die sorgsame Interpretation vonMessergeb-

nissen bereitstellt und eine Gelegenheit bietet, diese anzuwenden. Im Laufe des

Versuchs sollen die Studierenden die Diskrepanz zwischen der Vorhersage und

derMessung einsehen, mit selbst ausgedachtenModi�kationen desMessaufbaus

beseitigen und schließlich Daten aufnehmen, die im Einklang mit dem Stefan-

Boltzmann-Gesetz stehen.

DD 31.2 Tue 16:35 DD-H12
Optische Kohärenztomographie im Praktikum — Kai Pieper

1
, Ant-

je Bergmann
1
, Marian Christner

1
, Carsten Rockstuhl

1
und ∙Jens

Küchenmeister
2
—

1
Institut für �eoretische Festkörperphysik, KIT —

2
�orlabs GmbH
Die optische Kohärenztomographie ist ein bildgebendes Verfahren, bei dem

Grenz�ächen im Volumen einer Probe vermessen werden und so ein dreidi-

mensionales Bild der betrachteten Struktur ergeben. Sie �ndet seit der Entwick-

lung in den frühen 1990er Jahren beispielsweise in der Augenheilkunde ihre An-

wendung und bietet dabei die Möglichkeit, nichtinvasiv Aufnahmen der Netz-

haut durchzuführen. Im Wesentlichen wird im hier vorgestellten optischen Ko-

härenztomographen einWeißlicht-Michelson-Interferometer mit einemMikro-

skop kombiniert. Einer der Spiegel im Interferometer wird durch eine Probe

ersetzt, welche re�ektierende Grenz�ächen im Inneren besitzt. Durch die Be-

leuchtung mit weißem Licht kommt es zur Interferenz, wenn eine der Grenz�ä-

chen der Probe ungefähr den gleichen Abstand zum Strahlteiler einnimmt wie

der Referenzspiegel. Wird die Probe in axialer Richtung bewegt, können diese

Aufnahmen mit einem Mikroskop vergrößert und schließlich mit einer Kame-

ra aufgenommen werden. Eine geeignete Nachverarbeitung ermöglicht es, aus

den aufgenommenen Messdaten ein dreidimensionales Bild der Probe mit ih-

ren Tiefeninformationen zu rekonstruieren. Mit dem hier vorgestellten Aufbau

kann dank der Beschränkung auf die essenziellen Komponenten das Funktions-

prinzip der optischen Kohärenztomographie anschaulich und leicht zugänglich

in einem Praktikumsversuch für Studierende dargestellt werden.

DD 32: Postersession 2: Astronomie
Time: Tuesday 17:00–18:00 Location: P

DD 32.1 Tue 17:00 P
AR-Lineale: Astronomie und Planeten im Klassenzimmer — ∙Alexander
Arshewizkij, Alexander Pusch und Malte Ubben — Wilhelm-Klemm-

Straße 10
Die astronomische Bildung kommt mit allerlei bekannten Tücken daher. Eine

bekannte Problematik sind fehlende Stützpunktvorstellungen in Bezug auf Grö-

ßenordnungen verschiedener Körper im Sonnensystem. Dieser Beitrag stellt ei-

ne einfache AR-Anwendung vor, mit der SuS sich eigene Größenverständnisse

aufbauen können, indem sie ”AR-Lineale” nutzen, um Vergleiche mit Alltags-

gegenständen durchzuführen. Dabei werden nicht nur die acht Planeten thema-

tisiert, auch Zwergplaneten und ihre Monde werden mit ihren Abständen und

Größen durch die Applikation vermittelt.

DD 32.2 Tue 17:00 P
Lernschwierigkeiten im Umgang mit dem Hertzsprung-Russell-Diagramm
— ∙Ronja Langendorf, Susanne Schneider und Pascal Klein—Universi-
tät Göttingen

Das Hertzsprung-Russell-Diagramm (HRD) gilt als wichtiges Werkzeug der

Astrophysik und ist daher ein zentraler Bestandteil in universitärenAstrophysik-

veranstaltungen. Es unterstützt Lernende dabei, die physikalischen Zusammen-

hänge zwischen den Eigenscha�en von Sternen zu verstehen und den Prozess

der Sternentwicklung zu beschreiben. Die Extraktion von Informationen z.B.

zur Leuchtkra� ist dabei Voraussetzung für einen zielführenden Umgang mit

demHRD. Praxiserfahrungen deuten jedoch an, dass dies seitens der Studieren-

den häu�gmit Lernschwierigkeiten verbunden ist. Diese sind vermutlich auf die

visuelle Komplexität des HRD zurückzuführen, die eine hohe Aufmerksamkeit

auf und sorgfältige Auseinandersetzung mit relevanten Diagrammelementen er-

fordert. Bisher mangelt es jedoch an empirischen Untersuchungen zu den kon-

kreten Ursachen dieser Schwierigkeiten. Im Beitrag werden daher ausgewählte

Ergebnisse einer Studie vorgestellt, in der 35 Physikstudierende 14 o�ene Aufga-

ben zum HRD bearbeiteten. Eye-Tracking-Daten ermöglichen eine Analyse der

visuellen Aufmerksamkeit während der Aufgabenbearbeitung. In Kombination

mit retrospektiven Interviews könnenmögliche Lernschwierigkeiten aufgedeckt

werden. Hiermit geht das langfristige Ziel einher, Physikstudierenden das HRD

durch zielgerichtete Instruktionen in einer digitalen Lehr-Lern-Umgebung bes-

ser zugänglich zu machen.

DD 33: Postersession 2: Außerschulisches Lernen
Time: Tuesday 17:00–18:00 Location: P

DD 33.1 Tue 17:00 P
Science Gateway: Zukün�ige SchülerInnenlabore am CERN — ∙JuliaWoi-

the, Patrick Thill und Sascha Schmeling—CERN, Genf, Schweiz

Am Teilchenphysik-Labor CERN in Genf, Schweiz, wird derzeit ein neu-

er Science Center Komplex gebaut (*CERN Science Gateway* sciencegate-

way.cern), welcher auch zwei SchülerInnenlabore beherbergen wird. In diesen

Laboren werden Lernende ab 5 Jahren ihre wissenscha�liche Neugierde er-

kunden und lernen wissenscha�lich zu forschen. Im Rahmen des forschend-

entdeckenden Lernens interagieren Lernende aus aller Welt direkt mit Mit-

gliedern der wissenscha�lichen Gemeinscha� des CERN um einen Einblick in

die Forschung, die Arbeitsweise und die Technologien des weltweit größten

Teilchenphysik-Labors zu erhalten. Die geplanten�emengebiete umfassen da-

bei verschiedenste Aspekte, wie zumBeispiel die Detektion, Beschleunigung und

Manipulation von Teilchen, Robotik, (Quantum) Computing, technische Her-

ausforderungen der Hochenergiephysik, oder medizinische Anwendungen der

Teilchenphysik. In diesem Beitrag werden die Konzeption der Labore und eini-

ge der geplanten Lernaktivitäten vorgestellt. Wir freuen uns insbesondere über

Ideen zu bereits existierenden Lernmaterialien, die wir adaptieren könnten, und

über Ideen, die wir zusammen mit anderen Schülerlaboren entwickeln könnten

(sciencegateway.labs@cern.ch).

DD 33.2 Tue 17:00 P
MINT-Begeisterung wecken, fördern und halten - zwei Beispiele für außer-
schulische Lernangebote— ∙AnneGeese, DinaAlKharabsheh und Rainer
Müller— TU Braunschweig, Institut für Fachdidaktik der Naturwissenschaf-

ten
Außerschulische MINT-Aktivitäten sind aktuell wenig populär. Sie können aber

für mehr Bildungsgerechtigkeit sorgen, indem sie sich an benachteiligte Grup-

penwenden. Dies sind z.B.Mädchen und junge Frauen, derenWeg in dieMINT-

Fächer durch gesellscha�liche Rollenzuschreibungen erschwert wird, aber auch

Kinder aus bildungsfernen Regionen, die außerhalb der Schule keine Berüh-

rungspunkte mit naturwissenscha�lichen�emen haben.

Wir stellen zwei Beispiele für außerschulische Lernangebote vor, die genau

diese beiden Zielgruppen ansprechen: Der Forschungsclub changING richtet

sich an Mädchen und junge Frauen und bietet seit 2019 in zweiwöchentlichen

Gruppentre�en Einblicke in die Lu�fahrt der Zukun�. Angekoppelt an den Ex-

zellenzcluster zur nachhaltigen Lu�fahrt SE*A möchte er jungen Frauen den
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Weg in ein ingenieurwissenscha�liches Studium ebnen. Die MINT Liga startet

im Sommer 2022 und ist ein vom BMBF geförderter MINT-Cluster. An Anker-

punkten wie Jugendzentren in sozial benachteiligtenQuartieren �nden regelmä-

ßig MINT-Angebote statt, wobei die verschiedenen Ankerpunkte in einer Liga

gegeneinander antreten und am Ende einen MINT-Meister küren.

Wir stellen diese beiden MINT-Angebote vor und betrachten ihre Gelingens-

bedingungen.

DD 33.3 Tue 17:00 P
Fast lichtschnell durch die Stadt — ∙Stephan Preiss — Universität Hildes-
heim, Hildesheim, Germany

In Einsteins Spezieller Relativitätstheorie treten die ungewöhnlichen E�ekte der

Zeitdilatation und Längenkontraktion auf. Diese meist durch Gedankenexperi-

mente und Diagramme behandelten Erscheinungen stellen eine große kognitive

Herausforderung für Lernende, die sich zum ersten Mal mit dieser �ematik

auseinandersetzen, dar. Immerhin müssen die alltäglichen Konzepte von Länge

und Zeitdauer völlig neu beurteilt werden.

In diesem Beitrag stellen wir eine Unterrichtseinheit vor, die unter Benutzung

interaktiver Computersimulationen einen „experimentellen“ Zugang zu den Ef-

fekten der Speziellen Relativitätstheorie bietet. Diese Einheit, wurde in zahlrei-

chen Veranstaltungen des Schülerlabors Raumzeitwerkstattmit Schülergruppen
der Klassenstufen 10 bis 13 erfolgreich eingesetzt.

Um die anfängliche Frage, wie die Umgebung bei einer Bewegung mit nahe-

zu Lichtgeschwindigkeit aussieht, zu beantworten, stellen wir eine virtuelle Welt

mit drastisch reduzierter Lichtgeschwindigkeit (c = 1m/s), in der sich der Nut-

zer frei bewegen kann, zur Verfügung. In diesem Labor können die Lernenden

dann durch Beobachtung schnell bewegter Objekte und eigener Flüge Messun-

gen zu Zeitabläufen und Längen in unterschiedlichen Bezugssystemen durch-

führen. Der aus dem Gedankenexperiment zur Lichtuhr gewonnene Lorentz-

Faktor kann damit auch empirisch untermauert werden.

DD 33.4 Tue 17:00 P
MILeNa - MINT-Lehrkrä�e-Nachwuchsförderung weitergedacht —

∙Christina Lüders
1
, Carsten Kaus

1
, Christian Salinga

1
, Rebecca

Grandrath
2
, Sebastian Hümbert-Schnurr

2
, Franziska Klautke

3
, Se-

bastian Keller
3
, Heike Theyssen

3
, Amélie Tessartz

4
, Jan Heysel

4
,

Ulrich Blum
4
und Heidrun Heinke

1
—

1
RWTH Aachen University

—
2
Bergische Universität Wuppertal —

3
Universität Duisburg-Essen —

4
Rheinische Friedrich-Wilhelms-Universität Bonn
MILeNa ist ein Programm zur MINT-Lehrkrä�e-Nachwuchsförderung, wel-

ches seit 2013 existiert und dem sich dramatisch verschärfenden MINT-

Lehrkrä�emangel entgegenwirken soll. Interessierte Oberstufenschüler:innen

werden in der Phase der Berufsentscheidung langfristig begleitet und erhalten

tiefe Einblicke in das Berufsfeld einer MINT-Lehrkra� mit dem Ziel eine fun-

dierte Studienentscheidung zu unterstützen. Seit 2017 wurde das Programm in

einer modi�zierten Variante zunächst von der RWTH Aachen angeboten und

seit 2019 auf weitere Hochschulen ausgeweitet. Dabei werden die Programmbe-

standteile in einemPräsenz-,Hybrid- oderOnlineformat umgesetzt. ZurGrund-

struktur gehören neben einer Au�akt- und Abschlussveranstaltung ein Basis-

Workshop, welcher Grundlagen zur Unterrichtsgestaltung und -durchführung

vermittelt. In anschließenden schulischen Angeboten erproben sich die Schü-

ler:innen in der Lehrendenrolle. Eine Beteiligung vieler Hochschulen ermög-

licht neben wachsenden Teilnehmer:innenzahlen außerdem vielfältige (digitale)

Zusatzangebote zu unterrichtlichen�emenstellungen.

DD 34: Postersession 2: Hochschuldidaktik
Time: Tuesday 17:00–18:00 Location: P

DD 34.1 Tue 17:00 P
Vektorielle Feldkonzepte verstehen durch Zeichnen? Erste Wirksamkeitsun-
tersuchungen— ∙Larissa Hahn und Pascal Klein—Universität Göttingen,
Deutschland
Um vektorielle Feldkonzepte wie die Divergenz in physikalischen Kontex-

ten anzuwenden, ist ein konzeptionelles Verständnis notwendig. Bisherige

Forschungsergebnisse zeigen jedoch studentische Schwierigkeiten im Um-

gang mit Vektorfeldkonzepten. Im Einklang mit lerntheoretischen Erkenntnis-

sen fordern Fachdidaktiker:innen daher die Entwicklung zielgerichteter Lehr-

/Lernmaterialien, die denEinsatz und dieKoordinationmultipler Repräsentatio-

nen fokussieren und unterstützen. In diesem Zusammenhang hat in den letzten

Jahren die Technik des Zeichnens zunehmend an Aufmerksamkeit gewonnen.

�eoretischenÜberlegungen und früheren Studien zufolge hat Zeichnen das Po-

tential, eine tiefe Auseinandersetzung mit dem Lerninhalt durch eine mentale

Entlastung zu unterstützen und so denWissensaufbau, insbesondere komplexer

Konzepte, zu fördern. Vor diesem Hintergrund wurden Lehr-/Lernmaterialien

entwickelt, die einen visuellen Zugang zu vektoriellen Feldkonzepten anhand

von Vektorfelddiagrammen ermöglichen und unterstützende Zeichenaktivitä-

ten, z.B. bei der Interpretation von Richtungsableitungen, integrieren. Die Ana-

lyse der kognitiven Prozesse im Zuge der Bearbeitung des Lehr-/Lernmaterials

und beim zugehörigen Problemlösen wird hierbei durch Eye-Tracking unter-

stützt. Neben einem Überblick zum aktuellen Projektstand bezüglich bisheri-

ger Materialentwicklungen und -wirksamkeitsuntersuchungen werden außer-

dem zukün�ige Ziele und Ideen vorgestellt.

DD 34.2 Tue 17:00 P
Lehramtsspezi�scher Professionsbezug in Fachveranstaltungen —

∙Benedikt Gottschlich und Jan-Philipp Burde—Universität Tübingen
Bereits im Jahr 2006 forderte die DPG die stärkere Berücksichtigung professi-

onsbezogener Anforderungen an zukün�ige Physiklehrkrä�e im Rahmen ih-

rer fachlichen universitären Ausbildung. Eine Analyse der Modulhandbücher

der Physik-Lehramtsstudiengänge in Deutschland zeigt, dass Fachvorlesungen

in höheren Semestern tatsächlich häu�g separat für Lehramtsstudierende an-

geboten werden. Im Gegensatz dazu belegen Lehramtsstudierende jedoch üb-

licherweise einen Großteil der Vorlesungen zur Klassischen Physik gemeinsam

mit Fachstudierenden. Es stellt sich daher die Frage, auf welche Art und Weise

auch im Rahmen dieser Veranstaltungen ein lehramtsbezogener Professionsbe-

zug hergestellt wird. Eine engereVerzahnung fachlicher und didaktischerAspek-

te bereits in der Studieneingangsphase erscheint nicht nur vor demHintergrund

der beschriebenen Forderungen der DPG wünschenswert, sondern kann zudem

einen Beitrag zur Verringerung von Frustration und zur Senkung der Abbruch-

quote in der ersten Phase des Physik-Lehramtsstudiums leisten. Im Beitrag wer-

den die Ergebnisse einer aktuellen Umfrage unter Standorten in Deutschland

vorgestellt, die ein gymnasiales Lehramtsstudium anbieten. Ziel war es hierbei,

systematisch zu erheben, in welcher Form und in welchem Umfang ergänzen-

de professionsbezogene Maßnahmen für Lehramtsstudierende im Rahmen ge-

meinsamer Fachveranstaltungen angeboten werden.

DD 34.3 Tue 17:00 P
Prüfungen im Physikstudium: Aktuelle Hochschulpraxis bildungswissen-
scha�lich betrachtet— ∙M. Längle1, D. Kern-Michler

2
, S. Brackertz

3
, S.

Penger
3
, A. Sich

3
, L. Lehmann

4
und C. Kronberger

5
—

1
Universität Wi-

en, Wien, Österreich —
2
ZaPF e.V., Frankfurt, Deutschland —

3
UzK, Köln,

Deutschland —
4
TU Dresden, Dresden, Deutschland —

5
TU Wien, Wien, Ös-

terreich
Die Corona-Pandemie hat dazu geführt, dass viele Prüfungsformate adaptiert

werden mussten oder ganz an ihre Grenzen gestoßen sind. Gleichzeitig wurden

zahlreiche neue Prüfungsformate ausprobiert.

Auchwegen der Reduzierung der persönlichenKontakte haben Prüfungen die

Kultur des Studiums besonders geprägt.

All dies geschah typischerweise nur selten mit systematischem Bezug zu For-

schung und bildungspolitischen Debatten in der allgemeinen Pädagogik. Letz-

tere ist einerseits sehr fundiert, andererseits nimmt sie nur sehr selten spezi�sch

auf das Physikstudium Bezug.

Angesichts dessen werden alte und neue Prüfungsformate verschiedener Phy-

sikstudiengänge mit dem aktuellen Stand der pädagogischen Debatte konfron-

tiert. Besonders relevante Aspekte sind:

Prüfungen als

• Selektionselement von Lebenschancen

• Quali�zierungsnachweis

• kulturell prägendes Element des Unialltags und Stressfaktor

• Strukturierungs- und Feedbackinstrument

DD 34.4 Tue 17:00 P
Die WiMINT-AGs Mathematik und Physik — Britta Schütter-Kerndl1,
∙Manuela Boin

1
, Bernd Oder

2
, Achim Boger

3
und Karin Lunde

1
—

1
Technische Hochschule Ulm —

2
Hochschule Aalen —

3
Gewerbliche Schule

Schwäbisch Gmünd
Die Arbeitsgruppe cosh (Cooperation Schule-Hochschule) setzt sich für ei-

ne intensive Zusammenarbeit zwischen Schulen und Hochschulen in Baden-

Württemberg ein. LehrerInnen erarbeiten gemeinsammit ProfessorInnen Mög-

lichkeiten, SchülerInnen besser auf ein Hochschulstudium vorzubereiten (siehe

www.cosh-bw.de).

Viele Erstsemester imWiMINT (Wirtscha�, Mathematik, Informatik, Natur-

wissenscha� und Technik)-Bereich haben zu Studienbeginn fachliche Probleme.

Ein Ziel von cosh ist es deshalb, Angebote für Studieninteressierte zu entwickeln,

die diese Anfangsschwierigkeiten mindern sollen.

WiMINT-AGs sind studentische Tutorien, die in Kooperation zwischen ei-

ner Hochschule und einer Schule statt�nden. Didaktisch geschulte Studierende
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wiederholen, üben und vertiefen Grundlagen der Mathematik bzw. Physik mit

interessierten SchülerInnen. Eine weitere wichtige Aufgabe der TutorInnen ist

die Weitergabe eigener Erfahrungen aus dem Studienbeginn.

Das Verbundprojekt cosh wurde im Rahmen des Fonds Erfolgreich Studieren

in Baden-Württemberg (FESt-BW, Förderlinie 4 *Eignung und Auswahl*) geför-

dert. Die Erarbeitung eines Konzeptes für die WiMINT-AG Physik, die Erstel-

lung derMaterialien und die Erprobung in einemPilotprojekt waren ein Schwer-

punkt der Förderung.

DD 34.5 Tue 17:00 P
Auswirkungen der Lehr-Lernüberzeugungen studentischer Tutor*innen —
∙Robin Dexheimer-Reuter — Didaktik der Physik, Technische Universität

Darmstadt

Von studentischen Tutor*innen geleitete Übungen stellen an vielen Universi-

täten einen wichtigen Baustein der Lehre dar, welcher empirisch jedoch noch

wenig untersucht ist. Insbesondere zum Ein�uss der Lehr-Lernüberzeugungen

von Tutor*innen erscheinen weitere Erhebungen lohnenswert, da sich diese auf

das Handeln der Tutor*innen und hierüber auch auf den Erfolg der Studie-

renden auswirken können (Mediationsmodell). In der Informatik erwiesen sich

die Überzeugungen von Tutor*innen als prädiktiv für die Wahrnehmung ihrer

Kompetenz durch die Studierenden (Glathe, 2017). Im Bereich der universitär-

en Physikübungen steht eine ähnliche Überprüfung zum Ein�uss der Überzeu-

gungen von Tutor*innen noch aus. Daher ist es Ziel des geplanten Projektes, das

Mediationsmodell in diesemKontext zu untersuchen. In einer Vorstudie wird er-

hoben, welche Methoden in der Tutor*innenquali�kation eine besondere Rolle

spielen. Diese werden in der anschließendenHauptstudie besonders berücksich-

tigt. Dabei wird die Qualität der Übungsleitung in Anlehnung an die COACTIV-

Studie (Kunter, 2011) durch Befragung der Studierenden zur wahrgenomme-

nenGruppenführung, kognitivenAktivierung und konstruktivenUnterstützung

operationalisiert. Auf Seite der Studierenden wird neben dem Veranstaltungser-

folg auch ihre Zufriedenheit mit der Übung erfasst. Auf dem Poster werden die

Forschungsfragen und das entsprechende Design der ab 2022 geplanten Studie

vorgestellt.

DD 34.6 Tue 17:00 P
Paderborner Studieneingangsphase Physik - Entwicklung von Unterstüt-
zungsmaterialien für die�eoretische Physik— ∙NilabAbbas, Anna B. Bau-
er und Peter Reinhold—Universität Paderborn, Deutschland

Physik Studiengänge weisen eine hohe Abbruchquote vor allem zu Beginn des

Studiums auf. Als häu�gste Ursache für den Abbruch werden inhaltliche Anfor-

derungen genannt, die vor allem beim Bearbeiten von Aufgaben in Übungszet-

teln und beim Bestehen von Klausuren besonders herausfordernd wirken. Stu-

dien zeigen ebenfalls, dass die hierzu nötigen fachspezi�schen Problemlösefä-

higkeiten nicht auf einem ausreichenden Niveau entwickelt werden. Als Reak-

tion hierauf wird an der Universität Paderborn eine abgestimmte Studienein-

gangsphase aus einem Guss gestaltet. Ein Fokus stellt die �eoretische Physik

und der mit ihr einhergehende hohe Grad an Mathematisierung dar. Es werden

im Rahmen eines Design-Based Research Ansatzes passgenaue Unterstützungs-

maßnahmen für die Veranstaltung�eoretische Physik entwickelt und hinsicht-

lich der Gelingensbedingungen mit Fokus auf die Lernwirksamkeit evaluiert.

Zusammen mit den Akteuren werden typische Herausforderungen analysiert.

Daraus werden digitale Maßnahmen zur Vermittlung von Problemlösefähigkei-

ten (Erklärvideos, Worked-Out-Examples etc.) entwickelt und als Selbstlern-

materialien zur Verfügung gestellt. Die Lernwirksamkeit der Maßnahmen wird

multiperspektivisch (Videogra�e, Fragebögen, Fachwissenstest) untersucht. Der

Beitrag stellt das Untersuchungsdesign und die identi�zierten Herausforderun-

gen der Studierenden vor.

DD 34.7 Tue 17:00 P
Paderborner Studieneingangsphase Physik - Gestaltung einer Studienein-
gangsphase aus einem Guss— ∙Anna B. Bauer und Peter Reinhold— Di-
daktik der Physik, Universität Paderborn, Deutschland

Die Studieneingangsphase Physik stellt für die Studienanfänger einen komple-

xen Lernprozess mit vielfältigen Anforderungen auf fachlicher, Metakognitions-

und Sozialisations-Ebene dar, der sie im Rahmen der akademischen Identitäts-

bildung mit einbezieht und prägt. Ziel des Projektes Paderborner Studienein-

gangsphase Physik ist die evidenzbasierte Gestaltung eines strukturierten Stu-

dieneinstiegs und einer in sich kohärent abgestimmten Studieneingangsphase

aus einem Guss. Die Maßnahmen werden multiperspektivisch mit Hilfe beste-

hender Instrumente evaluiert. Die Implementation eines neuen Übungsformats

(Präsenzübungen) in den Fachvorlesungen, die Integration einer zentralen An-

sprechperson sowie die systematische Unterstützung der Studierenden im Be-

reich des selbstregulierten Lernens zeigen positive E�ekte in einer erhöhten Teil-

nahmequote sowie Zufriedenheit der Studierendenmit den Veranstaltungen, ei-

nem aktiveren Arbeitsverhalten sowie einer höheren Bestehensquote der Klau-

sur im ersten Semester. In dem Beitrag werden die Gelingensbedingungen bzw.

Strukturen für eine wirksame Zusammenarbeit von Fachdidaktik und Fachwis-

senscha� am Beispiel der Überarbeitung Studieneingangsphase im Rahmen ei-

ner community of practice (Aktionsforschung), von der Wirksamkeit der bishe-

rigen Implementierung sowie von den nächsten Schritten berichtet.

DD 34.8 Tue 17:00 P
Das Projekt: Flexible Zusammenführung der Lehrkonzepte und Lehrma-
terialien für den Experimental-Physik-Unterricht an der Universität Kiel
— ∙Irina Schneider — Institut für Experimentelle und Angewandte Physik

Christian-Albrechts-Universität zu Kiel
Der Experimental-Physik-Unterricht ist manchmal nicht interessant für Studie-

rende und das behindert auch das Verständnis von den Grundlagen des Faches.

Besonders betro�en sind hier dieNebenfachstudenten, die o�wenigVorlesungs-

und Praktika-Stunden haben. Ziel des Projektes ist, den Unterricht verständli-

cher und abwechslungsreicher zu machen und die Studierenden zu motivieren.

Dafür werden die unterschiedlichen Lehrkonzepte, Lehrmaterialien usw. zusam-

mengeführt zu einer �exiblen Sammlung, die die Lehrenden nutzen und auch

weiterentwickeln können. Auch der Erfahrungsaustausch zwischen den Lehren-

den ist in dem Rahmen des Projektes hier wichtig. Das Projekt können auch die

Studierenden mit den Dozierenden gemeinsam weiterentwickeln.

DD 34.9 Tue 17:00 P
Einsatz vonmultiplen Repräsentationsformen zur qualitativen Beschreibung
realer Phänomene der Fluiddynamik— ∙Christian Rabe, Vincent Drews,
Larissa Hahn und Pascal Klein—Universität Göttingen, Deutschland

Bei der qualitativen Beschreibung realer Phänomene in der Fluiddynamik zei-

gen sich Schwierigkeiten für viele Lernende. In zwei getrennten Studien wur-

den das studentische Verständnis der Kontinuitätsgleichung in Flüssigkeitss-

trömungen sowie der aerodynamische Magnus-E�ekt untersucht. Beiden�e-

men ist die Verwendung multipler Repräsentationsformen (Formeln, Stromli-

nien, Vektorfelder) gemein, die zum Lernen konstruiert und aufeinander be-

zogen werden müssen. In der Physikdidaktik ist bekannt, dass sich die Ver-

wendung von multiplen Repräsentationsformen in vielen Fällen als lernför-

derlich erweisen kann; eine kohärente Übersetzung zwischen realem Phäno-

men und Repräsentationsform allerdings auch Schwierigkeiten bereitet. Im Stil

des Design-Based Research wurden Lehr-/Lernmaterialien entwickelt, die einen

multi-repräsentationalen Zugang zu den�emen ermöglichen und schon früh-

zeitig vektorielle Feldkonzepte adressieren. Durch Akzeptanzbefragungen (N >
10) und den Einsatz von Testinventaren (N > 100) konnten Lerngelegenheiten

und -schwierigkeiten identi�ziert werden, die der Weiterentwicklung der Mate-

rialien dienen. Die Fluiddynamik erwies sich dabei als ein äußerst reichhaltiges

Feld für physikdidaktische Forschungsarbeiten mit hoher Anschlussfähigkeit an

die Elektrodynamik.

DD 34.10 Tue 17:00 P
Ausbildung in drei Dimensionen:�eorie, Praxis, Forschung — ∙Johannes
Lhotzky

1
, Nadine Baston

2
, Klaus Wendt

1
und Marius Harring

2
—

1
Johannes Gutenberg-Universität Mainz, Institut für Physik —

2
Johannes

Gutenberg-Universität Mainz, Institut für Erziehungswissenscha�en

Im Projekt ”Lehr-Lern-Forschungslabore als Orte vertie�en Lernens: DasMain-

zerModell kooperativer Lehrerbildung” der BMBFQualitätso�ensive Lehrerbil-

dung partizipieren Studierende des gymnasialen Lehramtsstudiengangs im Teil-

projekt Physik an Lehr-Lern-Labor-Seminaren. Diese sind an bildungswissen-

scha�liche Veranstaltungen im Bachelor- und Mastertsudiengang gekoppelt. In

der fachdidaktischen Lehrveranstaltung tre�en drei zentrale und auch empirisch

geforderte Aspekte der universitären Lehramtsausbildung an einem Ort aufein-

ander:�eorieinput, Praxisphase und Forschungsperspektive. DieVeranstaltung

umfasst inhaltlich praxisrelevante Schwerpunkte der Unterrichtsplanung, de-

ren Umsetzung als auch zentrale theoretische und methodische Schwerpunk-

te: kognitive Aktivierung, vertie�es Lernen sowie indikatorbasierte Videoanaly-

se. Mithilfe der Videoanalyse gelingt eine enge Verzahnung von Forschung und

�eorie mit konkretem Praxisbezug. Zur Unterstützung des Analyseprozesses

wird eine im Projektkontext entwickelte, interaktive Lehr-Lern-Plattform einge-

setzt. Der kooperativ gestaltete Beitrag präsentiert und diskutiert die gemeinsa-

me theoretische Verortung, das Seminarkonzept, konkrete Studierendenergeb-

nisse, sowie die Resultate der begleitenden summativen Evaluation.

DD 34.11 Tue 17:00 P
Empirische Überprüfung der Wirksamkeit eines Strategietrainings im Rah-
men eines Physikmoduls — ∙Katja Plicht1, Hendrik Härtig2 und Alex-
andra Dorschu

1
—

1
Hochschule Ruhr West, Mülheim an der Ruhr —

2
Universität Duisburg-Essen

Der Übergang von der Schule zur Hochschule stellt sich besonders in denNatur-

und Ingenieurwissenscha�en als problematisch dar und führt noch immer häu-

�g zum Studienabbruch (Heublein, 2018). Dabei zeigt sich, dass ein notwendiges

tieferes Verständnis physikalischer Konzepte und die Befähigung zum selbstän-

digen Problemlösen o�mals nicht ausreichend entwickelt ist (Schecker & Klie-

me, 2001).

Der Experten-Novizen-Vergleich zeigt darüber hinaus, dass das erfolgreiche

Problemlösen im Bereich der Physik einerseits das Verständnis von Tiefenstruk-

turen und andererseits das Erlernen von Problemschemata und Heuristiken

beinhaltet (Friege, 2003). Daraus ergibt sich ein Bedarf nach einer systemati-

schen Entwicklung von Problemlösestrategien entgegen dem o�mals verbrei-

teten plug-and-chuck-Verfahren, bei dem eine zur Zielgröße passende Formel

213



Physics Education Division (DD) Tuesday

gesucht und weiterverwendet wird (Redish, 2006).

Mit einem Fokus auf diese beiden Aspekte wurde ein Strategietraining zur

Förderung der Problemlösekompetenz entwickelt. Dieses wurde im Rahmen der

Physikübung im Studiengang Maschinenbau eingesetzt und im Kontrollgrup-

pendesign evaluiert. Es werden das Konzept sowie erste Pilotierungsergebnisse

präsentiert.

DD 34.12 Tue 17:00 P
Quantenphysik und Astronomie - mehr als nur bunte Farben? — ∙Tobias
Reinsch

1
, LukasMaczewsky

2
, Holger Cartarius

3
und Ronny Nawrodt

1

—
1
Physik und ihre Didaktik, Universität Stuttgart, Pfa�enwaldring 57, 70569

Stuttgart —
2
Experimentelle Festkörperphysik, Universität Rostock, Albert-

Einstein-Str. 23, 18059 Rostock —
3
AG Fachdidaktik der Physik und Astrono-

mie, Friedrich-Schiller-Universität Jena, 07743 Jena

Die Beobachtung des Sternenhimmels gehört nicht nur zu den ältesten Wis-

senscha�en, sondern bietet noch immer einen interessanten Einstieg in mo-

derne Fragestellungen der Physik für Schüler*innen und Studierende. So bie-

tet die Analyse von Stern- und Sonnenspektren einen motivierenden und viel-

fältigen Einstieg in die Quantenphysik. In diesem Beitrag wird eine unterricht-

staugliche experimentelle Herangehensweise auf Basis einfacher spektroskopi-

scher Messungen der Linien im Sonnenspektrum vorgestellt. Quantenphysikali-

sche Grundkonzepte wie Spin, Wellen- und ferner Teilchencharakter lassen sich

damit direkt experimentnah aus den Spektren ableiten. Zusätzlich können dis-

kreteÜbergänge als Lösungen der Schrödingergleichung hergeleitet werden. Aus

der Beobachtung weit entfernter Prozesse in unserem Universum lassen sich al-

so Rückschlüsse auf die mikroskopischen Prozesse quantenmechanischer Natur

auf Atomebene schließen und umgekehrt.

DD 35: Postersession 2: Neue / digitale Medien
Time: Tuesday 17:00–18:00 Location: P

DD 35.1 Tue 17:00 P
Unterstützung eines qualitativen Verständnisses der elektromagnetischen
Induktion durch Augmented Reality — ∙Roland Berger1 und Philipp
Lensing

2
—

1
Universität Osnabrück —

2
Hochschule Osnabrück

Ein grundlegendes Verständnis der elektromagnetischen Induktion erfordert bei

Lernenden die Einsicht, dass die zeitliche Änderung des Magnetfeldes in ei-

ner Leiterschleife eine elektrische Spannung induziert. Um dieses Grundprin-

zip möglichst deutlich zu machen, haben Erfmann und Berger ein qualitatives

Unterrichtskonzept vorgeschlagen, welches auf demAbzählen von Feldlinien ba-

siert. Nach diesem Konzept wird die zeitliche Änderung des Magnetfeldes in ei-

ner Leiterschleife mithilfe eines Filmstreifens veranschaulicht. In dem Filmstrei-

fen sind Bild für Bild Feldlinien eingezeichnet, sodass die zeitliche Änderung der

Zahl der Feldlinien unmittelbar zu erkennen ist. Um dieses Feldlinienkonzept

der elektromagnetischen Induktion zu unterstützen, haben wir eine App entwi-

ckelt, welche die Stärke des Magnetfeldes mit dem Sensor des verwendeten Ta-

bletsmisst. DemPrinzip vonAugmented Reality folgendwird einer Induktionss-

pule innerhalb einer Helmholtzspule eine entsprechende Zahl virtueller Feldli-

nien überlagert. Mithilfe dieser App können somit zentrale Fehlvorstellungen

unmittelbar adressiert werden. Beispielsweise ist entgegen der Erwartung vieler

Schülerinnen und Schüler die induzierte Spannung in dem Moment maximal,

in dem das Magnetfeld Null ist.

DD 35.2 Tue 17:00 P
Für alles eine App. Ein Buch mit Ideen für Physik mit dem Smartphone —
∙ThomasWilhelm

1
und Jochen Kuhn

2
—

1
Institut für Didaktik der Physik,

Goethe-Universität Frankfurt —
2
Physics Education Research Group, Depart-

ment of Physics, University of Kaiserslautern

Welche Apps eignen sich, um Smartphones oder Tablets für physikalische Unter-

suchungen und Betrachtungen zu nutzen? Diese Frage stellen sich physikalisch

Interessierte genauso wie Lehrkrä�e. Auf dem Poster wird das Praxisbuch “Für

alles eine App. Ideen für Physik mit dem Smartphone” vorgestellt. Es gibt einen

schnellen und umfassenden Überblick über geeignete Apps und stellt anhand

vieler Praxisbeispiele dar, wie man Smartphone und Tablet physikalisch nutzen

kann.

Das Buch geht auf unterschiedlichste Anwendungen ein: Sie reichen von

vorgefertigten Simulationen über physikalische Spiele bis hin zu Augmented

Reality-Anwendungen. Zudem werden Apps vorgestellt, mit denen Messdaten

mit den internen Sensoren oder externen Zusatzgeräten erfasst, von einer Da-

tenbank abgerufen oder durch die Verwendung der Foto- und Videokamera

gewonnen werden. In jedem einzelnen Abschnitt wird eine andere App kurz

und überblicksweise vorgestellt und derenVerwendbarkeit für physikalischeUn-

tersuchungen in Schule und/oder Hochschule und/oder zur eigenen Unterhal-

tung an einem Beispiel erläutert. Zunächst gibt es eine App-Kurzbeschreibung,

dann folgt die Beschreibung eines physikalischen Anwendungsbeispiels. Die Ab-

schnitte sind nach klassischen�emenbereichen der Physik geordnet.

DD 35.3 Tue 17:00 P
Eine AR-Erweiterung des EPo-Konzepts zu einfachen Stromkreisen —
∙Saskia Rauber1, Jan-Philipp Burde1, ThomasWilhelm

2
, Martin Hopf

3
,

Liza Dopatka
4
, Verena Spatz

4
, Thomas Schubatzky

5
, Claudia Haagen-

Schützenhöfer
5
und Lana Ivanjek

6
—

1
Universität Tübingen—

2
Universität

Frankfurt —
3
Universität Wien —

4
TU Darmstadt —

5
Universität Graz —

6
TU

Dresden
Anders als der Name es vermuten lässt, stellen einfache Stromkreise für viele

Schülerinnen und Schüler (SuS) sowie Lehrkrä�e eine der größten Herausforde-

rungen des Physikunterrichts in der Sek I dar. Insbesondere entwickeln SuS o�-

mals kein eigenständiges Spannungskonzept und verstehen nicht, dass die Span-

nung eine Di�erenzgröße darstellt. Der Einsatz von digitalen Medien wie bspw.

Augmented Reality (AR) könnte dazu beitragen, die Motivation und das kon-

zeptionelle Verständnis der SuS zu fördern. Vor diesem Hintergrund wurden zu

einer Reihe von Übungsaufgaben der Unterrichtskonzeption “Eine Einführung

in die Elektrizitätslehre mit Potential” diverse AR-Modelle von Stromkreisen er-

stellt. Diese lassen sich unkompliziert mit Hilfe von mobilen Endgeräten über

QR-Codes aufrufen und erscheinen anschließend über den gedruckten Schalt-

plänen. Da in den AR-Modellen die Spannungsverhältnisse in den Stromkreisen

mittels Farbkodierung visualisiert werden, können diese den SuS u.a. als Mus-

terlösungen dienen. Auf dem Poster werden verschiedene AR-Modelle exempla-

risch vorgestellt und ihr didaktischer Mehrwert für den Physikunterricht disku-

tiert.

DD 35.4 Tue 17:00 P
Vorgehensweise von Schüler*innen bei der Nutzung von So�ware zurmathe-
matischen Modellbildung und Videoanalyse— ∙JannisWeber und Thomas

Wilhelm— Institut für Didaktik der Physik, Goethe-Universität Frankfurt

Mathematische Modellbildung und Videoanalyse sind zwei unterschiedliche

Ansätze für das Erlernen undVertiefen der Newton*schenDynamik in der gym-

nasialen Oberstufe, die die Gemeinsamkeit haben, dass sie den Nutzer/die Nut-

zerin von der nötigen Mathematik entlasten und es damit ermöglichen sollen,

reale und komplexe Bewegungen zu modellieren bzw. zu analysieren und Rei-

bungskrä�e bewusst zu thematisieren. Als Teil einer Gesamtstudie zum Ein-

satz von mathematischer Modellbildung und Videoanalyse wurden Bildschirm-

videos mit Tonaufnahmen von Schülerzweiergruppen während der Arbeit mit

der So�ware aufgenommen. Auf dem Poster werden neben den aufgetretenen

Schwierigkeiten die Arbeitsweisen der Proband*innen bei der Nutzung der ent-

sprechenden So�ware vorgestellt. Es wird zudem ein Vergleich zwischen erfolg-

reichen und weniger erfolgreichen Proband*innen gezogen, um Merkmale zu

identi�zieren, die die Wahrscheinlichkeit eines erfolgreichen Umgangs mit der

So�ware und damit einem großen Lernzuwachs erhöhen. Aus diesen Beobach-

tungen werden Empfehlungen für eine Unterrichtsgestaltung bei Nutzung der

entsprechenden So�ware abgeleitet.

DD 35.5 Tue 17:00 P
Vergleich von Videoanalyse-Apps auf Tablets — ∙Vinit Suri und Thomas
Wilhelm— Institut für Didaktik der Physik, Goethe-Universität Frankfurt

Die Videoanalyse von Bewegungen ist im Physikunterricht bereits weit verbrei-

tet. Für Schüler*innen ist es selbstverständlich, Videoaufnahmen zu nutzen, und

sie verfügen über die Möglichkeit, jederzeit und überall digitale Videoclips auf-

zuzeichnen. So bietet sich im Physikunterricht der Einsatz von Videoanalyse an,

um die Alltagswelt der Schüler*innen mit dem Mechanikunterricht zu verbin-

den. Besonders einfach ist die Videoanalyse auf mobilen Endgeräten. Für diese

sogenannte mobile Videoanalyse gibt es bereits einige Videoanalyse-Apps für

unterschiedliche Betriebssysteme, die sich in ihrer Bedienung und ihren Mög-

lichkeiten zum Teil erheblich unterschieden, für die es aber bisher keinen syste-

matischen Vergleich gab.

Fünf derzeit auf demMarkt verfügbareVideoanalyse-Apps für Tablets wurden

systematisch getestet, kriteriengeleitet verglichen und hinsichtlich des Einsatzes

im Physikunterricht bewertet, sodass den Lehrkrä�en die Entscheidungs�ndung

für eine geeignete App erleichtert wird. Das Poster stellt die fünf Apps vor und

gibt einen Einblick in die Vergleichsergebnisse.

DD 35.6 Tue 17:00 P
3D-Druck-Spektrometer als Unterrichtsprojekt — ∙Rike Häussler1, Antje
Bergmann

2
und GünterQuast

1
—

1
Institut für Experimentelle Teilchenphy-

sik, Karlsruher Institut für Technologie—
2
Institut für�eoretische Festkörper-

physik, Karlsruher Institut für Technologie

Das Spektroskop ist ein beliebtes Werkzeug, um Lernenden in niedrigen Klas-

senstufen die Au�eilung von weißem Licht in die Spektralfarben zu erläutern.

Dafür gibt es verschiedene Projekte, die Spektroskope selber, z.B. mit Pappe,

214



Physics Education Division (DD) Tuesday

zu bauen. Für die Oberstufe kann das Spektrometer im Unterricht genutzt wer-

den, um unterschiedliche Lichtquellen zu charakterisieren und die dazugehö-

rigen Spektren auszumessen. Das in diesem Beitrag präsentierte Projekt bein-

haltet das Konstruieren eines Spektrometers in einer CAD-So�ware. So kann

es mit Hilfe der 3D-Druck Technologie realisiert werden. Des Weiteren werden

mit dem Spektrometer und einer frei verfügbaren So�ware verschiedene Licht-

quellen quantitativ ausgewertet. Hierfür dient eine handelsübliche Smartphone-

Kamera als Objektiv und Sensor. Dadurch wird ein klassischer Schulversuch mit

digitalen Medien und mit Hilfe von modernen Fertigungsverfahren neu aufbe-

reitet und ist auch für den fächerübergreifenden Unterricht geeignet.

DD 35.7 Tue 17:00 P
Vergleich von Videoanalyseprogrammen für den Einsatz im Mechanik-
Unterricht der Sekundarstufe I — Florian Bräuer, Peter Rieger und

∙AndreasKaps—Universität Leipzig, Fakultät für Physik undGeowissenschaf-
ten, Bereich Didaktik der Physik, Prager Straße 36, 04317 Leipzig

Zu zeitgemäßemmodernenMessen im Physikunterricht gehört die Videoanaly-

se. Moderne Videoanalyseprogramme weisen dabei eine hohe Komplexität auf.

Untersucht wurde, ob diese bei der Verwendung im Mechanik Unterricht der

Sekundarstufe I lernhemmend sein können. Vorgestellt werden die Ergebnisse

einer Kleingruppenuntersuchung (N = 16) mit Lernenden der neunten Klas-

senstufe zum Einsatz des Verfahrens der Videoanalyse. Auf Grundlage eines

theoriebasierten Vergleichs bezüglich der Handhabbarkeit im Unterricht zwi-

schen den drei gängigsten Analyseprogrammen wurde die Anwendung Tracker

ausgewählt. Trotz des anspruchsvollen Programms konnte keine lernhemmen-

de kognitive Belastung durch die Komplexität festgestellt werden. Zwischen der

Abneigung gegenüber Routinehandlungen (klassischeMessverfahrenmit Lineal

und Stoppuhr) und dem Interesse an modernen Messverfahren, wie Videoana-

lyse, konnte ein hoher positiver Zusammenhang mit r=0,62 gefunden werden.

Basierend auf diesen Erkenntnissen wurden Implikationen für einen möglichen

Einsatz im Physikunterricht der Sekundarstufe I abgeleitet.

DD 35.8 Tue 17:00 P
Physik-Erklärvideos: Einstellungen (angehender) Physiklehrkrä�e —

∙Lotte Hahn und Thorid Rabe — Martin-Luther-Universität Halle-

Wittenberg, Didaktik der Physik

Die Erklärvideonutzung erlebte in den vergangenen Jahren einen deutlichenAn-

stieg. Allerdings zeigen erste Analysen, dass Erklärvideos zum Teil erhebliche

fachliche und fachdidaktischeMängel an Erklärqualität aufweisen, die nachhalti-

gen Lernprozessen sogar entgegenwirken können (Krey & Rabe, 2021). Vor dem

Hintergrund, dass Erklärvideos zunehmend prägenden Ein�uss auf das Bild von

Physik und Physiklernen haben werden, wird diesem Befund in einem Promo-

tionsprojekt mit einer Analyse ausgewählter Erklärvideos weiter nachgegangen.

Außerdem werden Perspektiven und Einstellungen (zukün�iger) Physiklehr-

krä�e bezüglich Erklärvideos mittels Leitfadeninterviews erhoben. Die Heraus-

arbeitung (expliziter) Einstellungen zu Physik-Erklärvideos erfolgt mittels qua-

litativer Inhaltsanalyse nachMayring (2010). Ziel ist es weiterhin, Personen hin-

sichtlich ihrer Einstellungen und weiterer Merkmale zu typologisieren.

Im Poster werden das Vorgehen der Erklärvideoanalyse und das Forschungs-

design der qualitativen Erhebung zur Diskussion gestellt.

DD 35.9 Tue 17:00 P
Kontrastierend und vergleichend die Qualität von Erklärvideos beurteilen
lernen -Methodisches Vorgehen— ∙DeborahMilwa

1
und RitaWodzinski

2

—
1
Universität Kassel —

2
Universität Kassel

Aufgrund einer steigenden Popularität von Erklärvideos �nden diese als Medi-

um zunehmend Einzug in den Grundschulunterricht (Dorgerloh &Wolf, 2020).

Umpassende Erklärvideos für denUnterricht auszuwählen, benötigen Lehrkräf-

te ein tieferes Verständnis bezüglich der Qualität von Erklärvideos (Kulgemey-

er, 2018). Folglich setzen sich Sachunterrichtsstudierende in einem Seminar mit

Qualitätskriterien in Anlehnung an Kulgemeyer (2018) und Lipowsky & Pätzold

(2020) auseinander und wenden diese auf Erklärvideos an. Dabei wird auf die

Methode des Kontrastierens und Vergleichens zurückgegri�en, da empirische

Ergebnisse zeigen, dass sich das Identi�zieren von Gemeinsamkeiten undUnter-

schieden positiv auf das Lernen auswirkt (u.a. Al�eri, Nokes-Malach & Schunn,

2013). Im Sinne der Methode wird untersucht, wie sich die Verwendung von

Videos unterschiedlicher Qualität auf die Kenntnis von Qualitätskriterien und

ihreAnwendung bei der Analyse von Erklärvideos auswirkt. UmdenWissenszu-

wachs der Studierenden zu erfassen, beurteilen sie vor und nach dem Vergleich

unterschiedlicher Videos ein vorgegebenes Erklärvideo. Das Poster stellt dasme-

thodische Vorgehen und das Pre-Post-Design der Studie vor. Zudem wird die

aus wissenscha�licher Literatur abgeleitete Wirkweise des Kontrastierens und

Vergleichens auf das Anwenden der Qualitätskriterien auf Erklärvideos visuell

dargelegt.

DD 35.10 Tue 17:00 P
Erstellung von interaktiven digitalen Experimenten für das Physiklernen—
∙Nelson Finkelmeyer, Peter Rieger und Helena Franke — Universität

Leipzig, Fakultät für Physik und Geowissenscha�en, Bereich Didaktik der Phy-

sik, Prager Straße 36, 04317 Leipzig

Die Corona Pandemie hat über Maßnahmen der Kontaktbeschränkung häu�g

auch den Kontakt der Lernenden mit Experimenten reduziert. Naturwissen-

scha�licher Unterricht ohne mit Experimenten in Berührung zu kommen bietet

nicht genug Raum zur Anschauung und Kompetenzförderung der Lernenden.

Um dieses Problem zu adressieren, wurde im Rahmen einer Staatsexamensar-

beit für den schulischen Kontext eine eigene Interpretation interaktiver digitaler

(Bildschirm-)Experimente entworfen und umgesetzt:

Als Motivation für die Lernenden wird im Vorfeld eine Challenge formuliert,

die experimentell gelöst werden soll. Viele einzelne Videosequenzen wurden zu

einer Pfadstruktur verknüp� und bieten verschiedene experimentelle Wege, die

in Erfolg oder Misserfolg enden können. Die Lernenden können aktiv über eine

Reihe vonAuswahlmöglichkeiten entscheidenwie weiter experimentiert werden

soll, um die Challenge zu lösen. Durch diese mediale Gestaltung ist es den Ler-

nenden möglich, sich mit dem Experiment im Sinne des forschenden Lernens

entdeckend auseinanderzusetzen.

Die Konzeption wird an Hand von einem Experiment zum Prinzip des Ar-

chimedes vorgestellt und Möglichkeiten und Herausforderungen zur Erstellung

dieser Art des digitalen Experiments erläutert.

DD 35.11 Tue 17:00 P
PUMA:Web-AR-Techniken als Ergänzung des Physikunterrichts— ∙Stefan
Kraus und Thomas Trefzger — Lehrstuhl für Physik und ihre Didaktik,

Julius-Maximilians-Universität Würzburg

Schülerexperimente mit starken Lasern, radioaktiven Präparaten und extremen

optischen Dichten? PUMA (PhysikUnterrichtMit Augmentierung) stellt inter-
essante Möglichkeiten zur Verfügung, unsere Welt anhand digitaler Hilfsmittel

zu erweitern und zu verstehen. Zum einen als Unterstützung von Realexperi-

menten, zum anderen für Heimexperimente mit minimalem Materialaufwand.

AR-Anwendungen sind meist mit der Installation einer eigenen App und daraus

resultierenden Hürden für die Schülerinnen und Schüler verbunden. Web-AR-

Anwendungen hingegen ö�nen sich direkt im Browser des Geräts. Dieser ist auf

Smartphones wie Tablet-PCs vorhanden und macht die App zudem unabhängig

vom Betriebssystem der Nutzerinnen und Nutzer. Mit Blick auf den Physikun-

terricht soll hier zunächst beleuchtet werden, inwieweit Web-AR-Techniken mit

den Features von nativen Apps (maßgeschneidert für iOS oder Android) mithal-

ten können und welche Vorteile sich für den praktischen Einsatz ergeben. Dazu

werden exemplarisch Anwendungen aus der geometrischen Optik präsentiert,

die zum Ausprobieren einladen und weitere Perspektiven aufzeigen.

DD 35.12 Tue 17:00 P
Interactive application for visualizing 3D and 2+1D spacetime sector models
in GR — ∙Vassilios Marakis — Institut für Physik, Universität Hildesheim,

Universitätsplatz 1, 31131 Hildesheim

�e movement in spacetime and its curvature are concepts of general relativity,

which are not easy to grasp for beginners. An approach to visualizing curved

spacetime is the introduction of sector models, which avoids the introduction

of the mathematical necessities for a user.�e sector model divides the coordi-

nate space into blocks with euclidean geometry, where elemental mathematical

knowledge is su�cient to understand the resulting visuals and interpret them

qualitatively in the sense of general relativity. �e developed application uses

di�erent metrics and scenarios like Schwarzschild or space of constant curva-

ture to create these sectors and lets the user construct geodesics in spacetime or

calculate curvatures on speci�c points in space.

DD 35.13 Tue 17:00 P
Einsatzmöglichkeiten der Satelliten-Box von phyphox für die schulische und
universitäre Lehre— ∙Leo Bodewig

1
, DominikDorsel

2
, Dustin Kirwald

1
,

Sebastian Staacks
2
, Christoph Stampfer

2
und Heidrun Heinke

1
—

1
RWTHAachenUniversity, I. Physikalisches Institut IA—

2
RWTHAachenUni-

versity, II. Physikalisches Institut A

phyphox ist eine an der RWTH Aachen entwickelte App, die das Auslesen der

internen Sensoren von Smartphones bzw. Tablets ermöglicht und so das physi-

kalische Experiment in die Hände des Nutzers gibt. Um die Bandbreite an mög-

lichen Experimenten zu erweitern, sind externe Sensorboxen entwickelt wor-

den, die sich über Bluetooth mit der App koppeln und auslesen lassen. Die-

se nutzen verschiedene Sensoren und lassen sich somit zu unterschiedlichen

thematischen Schwerpunkten variabel einsetzen. Für die Implementation in die

schulische und universitäre Lehrpraxismüssen konkrete Experimente konzipiert

und getestet werden und hierzu Arbeitsmaterialien ausgearbeitet und erprobt

werden. Auf dem Poster werden Experimente mit der sogenannten ”Satelliten-

Box” vorgestellt. Durch ihre zylinderförmige Form eignet sie sich hervorragend

für Rollexperimente auf einer schiefen Ebene. Mithilfe des eingebauten Gyro-

skops können Geschwindigkeit und zurückgelegte Strecke über die phyphox-

Benutzerober�äche angezeigt werden. Des Weiteren können mit Hilfe eines

hochau�ösenden Drucksensors Höhenunterschiede durch Di�erenzen im Lu�-

druck ermittelt werden. Dadurch lassen sich Experimente zum freien Fall reali-

sieren oder die barometrische Höhenformel experimentell untersuchen.
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DD 36: Postersession 2: Praktika und neue Praktikumsversuche
Time: Tuesday 17:00–18:00 Location: P

DD 36.1 Tue 17:00 P
DigiPhysLab: Digital Physics Laboratory Work for Distance Learning —
∙Simon Z. Lahme1, Pekka Pirinen2

, Bruno Tomrlin
3
, Antti Lehtinen

2
,

Ana Sušac
3
, Andreas Müller

4
, and Pascal Klein

1
—

1
U Göttingen, Ger-

many—
2
U Jyväskylä, Finland—

3
UZagreb, Croatia—

4
UGeneva, Switzerland

Integral part of studying physics are lab courses in which students learn how

to link theory with practice, acquiring experimental and problem-solving com-

petencies. Extensive research has shown that these learning goals are di�cult

to achieve, with multiple causes: (i) instructional (cf. cookbook-styled instruc-

tions), (ii) learner-related (e.g. low motivation) and (iii) content-related (i.e. in-

herent di�culties by e.g. multiple representations). Due to the Covid-19 pan-

demic, the challenges of e�ective lab courses increased as those needed to be

implemented in distance rapidly.�us, the EU-project DigiPhysLab pursues the
development of physics lab tasks suitable for distance learning and tackles the

general challenges by a competence-centred didactic concept. Based on a liter-

ature review, a framework for designing digital lab tasks is created. Building on

it, 15 experiments on several topics of basic physics lectures are developed and

evaluated.�ey enable engaging and authentic lab work both in distance and on-

campus learning settings. For that, the wide availability of modern digital media

is used as these technologies allow everyday data collection (e.g. with smart-

phone sensors) or immersive simulation of real experiments (e.g. with virtual

reality). On the poster, we present the project conceptualiza- tion and current

�ndings regarding the framework and experiments.

DD 36.2 Tue 17:00 P
Schallausbreitung in Festkörpern – ein Schülerversuch auf dem Prüfstand—
∙Sebastian Felleisen, Antje Bergmann und Carsten Rockstuhl— Insti-
tut für�eoretische Festkörperphysik, Karlsruher Institut für Technologie

Das selbstständige Experimentieren stellt für Schülerinnen und Schüler (SuS)

einen wichtigen didaktischen Zugang zu physikalischen�emen und Inhalten

dar. Um den SuS diese Art des Lernens zu ermöglichen und zu vereinfachen,

greifen Lehrerinnen und Lehrer vermehrt auf Versuch-Sets zurück, welche von

Lehrmittel�rmen entwickelt werden. Im Rahmen der vorgestellten Bachelorar-

beit wurde ein solches Versuchs-Set zur Bestimmung von Schallgeschwindig-

keit in Festkörpern systematisch getestet und auf Verständlichkeit und physi-

kalische Korrektheit untersucht. Die Anleitung des Herstellers wurden in Be-

zug auf Durchführungsvorschlägemöglicher Experimente, der Versuchsauswer-

tung, sowie Annahmen in der dort präsentierten�eorie kritisch hinterfragt. In

unserem Beitrag zeigen wir Unstimmigkeiten in dieser Anleitung auf, was uns

motivierte, die�eorie umfassend zu erarbeiten und mit Messwerten, die mit

dem Set aufgenommen wurden, abzugleichen. Wir zeigen (a), dass der Versuch

hervorragend geeignet ist, um physikalisches Verständnis für ein so elementa-

res Phänomen wie die Schallausbreitung zu entwickeln aber auch (b), dass es

essenziell ist, dies korrekt darzustellen, um die fachlichen Lehrinhalte richtig zu

vermitteln.

DD 36.3 Tue 17:00 P
Optische Datenübertragung mit LEDs und Lasern im Schülerlabor —
∙Marcel Lauterwasser

1
, Antje Bergmann

2
und Günter Quast

1
—

1
Institut für Experimentelle Teilchenphysik, Karlsruher Institut für Technologie

—
2
Institut für�eoretische Festkörperphysik, Karlsruher Institut für Techno-

logie

Optische Datenübertragung ist durch die hohe Übertragungsrate höchst vielver-

sprechend und wird in unserem Alltag durch Fernbedienungen, Glasfasern und

neue Projekte wie Starlink immer präsenter. Gerade deshalb ist es auch relevant,

diese Technologie Schülerinnen und Schülern näher zu bringen. In diesem Bei-

trag werden zwei Versuche zur Optischen Datenübertragung vorgestellt, die im

Physik-Schülerlabor des KIT eingesetzt werden sollen. Im ersten Versuch wird

ein analoges Musiksignal über eine einzelne, in der Helligkeit modulierte LED

übertragen. Empfangen wird das Signal in einigen Metern Entfernung von einer

Photodiode. Diese wandelt das optische Signal in ein elektronisches um, wel-

ches von einem Lautsprecher wiedergegeben werden kann. Dieser Versuch ist

sehr kostengünstig und einfach zu realisieren und auch als Unterrichtsprojekt

geeignet. Im zweiten Versuch werden zwei unterschiedlich farbige Laser mit je-

weils einem Musiksignal moduliert. Die Laser sind durch ein optisches Gitter

in dieselbe Glasfaser eingekoppelt (Frequenzmultiplexing). Nach dem Austritt

aus der Glasfaser werden beide Lichtstrahlen durch einen dichroitischen Spiegel

getrennt und von unterschiedlichen Lautsprechern wiedergegeben.

DD 36.4 Tue 17:00 P
Umgang mit digitalen Messsystemen: Lernhilfen bei der Fehlersuche —
∙Christopher Joergens und Cornelia Geller — Universität Duisburg-

Essen
Durch ihren Mehrwert für experimentelle Fragestellungen sind digitale Mess-

systeme aus den Experimentierpraktika der universitären Ausbildung nicht

mehr wegzudenken, entsprechende Basiskompetenzen für Lehramtsstudieren-

de sind bereits diskutiert worden. Wie genau der Umgang mit Messsystemen,

also beispielsweise eine geeignete Messparameterwahl, als Teil der experimen-

tellen Kompetenz systematisch gefördert werden kann, ist bisher aber wenig un-

tersucht worden.

Mit demAnsatz, den experimentellen Kompetenzerwerb mit mehr Varianz in

den Aufgabenstellungen zu unterstützen, setzen wir in einem Praktikum auch

Fehlersuchaufgaben ein, in denen die Studierenden über das Finden und Be-

heben von typischen Fehlern verschiedene Wissensarten (wie z.B. Gerätewissen

und inhaltliches Wissen) verknüpfen können. An zwei Experimentieraufbauten

mit digitalen Messsystemen wurde dabei untersucht, inwieweit Studierende das

Angebot gestu�er Lernhilfen wahrnehmen. Das Prinzip der Aufgaben sowie die

Ergebnisse der Erprobung werden auf dem Poster vorgestellt und Implikationen

für die experimentelle Ausbildung diskutiert.

DD 36.5 Tue 17:00 P
Ziele eines Demonstrationspraktikums für Physik-Lehramtsstudierende —
∙Katharina Stütz und Ronny Nawrodt — Physik und ihre Didaktik, Uni-

versität Stuttgart, 70569 Stuttgart

Das Präsentieren von Demonstrationsexperimenten oder das Durchführen von

Schülerexperimenten sind zentrale Bausteine des Physikunterrichts. In der uni-

versitärenAusbildung erfolgt dieVermittlung der notwendigen Fähigkeiten klas-

sischerweise in diversen Praktika. In diesem Beitrag soll ein Überblick über die

konkreten Ziele eines solchen Praktikums gegeben werden. Dazu werden die

Zielvorstellungen von 17 Studierenden aus drei Semestern den Zielen aus�eo-

rie und Praxis gegenübergestellt und diskutiert. Für einen standortübergreifen-

den Überblick über die universitäre Praxis wurden die Modulpläne aller 48 Uni-

versitäten und Hochschulen, an denen in Deutschland Physik für das Gymna-

siale Lehramt studiert werden kann, zusammengefasst.

DD 37: Postersession 2: Präsentation von Experimenten
Time: Tuesday 17:00–18:00 Location: P

DD 37.1 Tue 17:00 P
Kostengünstige Simulation der Röntgen- und Elektronenbeugung mit Hilfe
von optischen Gittern— ∙Hubertus Giefers—Humboldt Gymnasium, Bad
Pyrmont, Deutschland

Beugungsversuche mit Röntgen- oder Elektronenstrahlen sind im schulischen

Unterricht o� auf wenige Substanzen wie NaCl oder Graphit beschränkt. Ei-

ne Alternative zur Darstellung von Laue- und Debye-Scherrer-Aufnahmen stel-

len die Beugungsmuster nach Koppelmann dar, wobei auf dem Lehrmittel-

markt solche Beugungsgitter kaum erhältlich sind. In diesem Beitrag werden

neu entwickelte Beugungsgitter für solche optischen Analogieversuche sowie

die didaktische Hinführung vorgestellt. Die 2D-Transmissionsgitter zeigen Beu-

gungsmuster ähnlich denen echter Materialsysteme und sie können mit Hil-

fe eines Lasers und des Transmissionsgitters im Diaformat kostengünstig und

schnell gezeigt werden. Die neuen Transmissionsgitter sind so aufgebaut, dass

die grobe Struktur für das menschliche Auge sichtbar auf dem Dia erkennbar

ist, die Mikrostruktur für den Beugungsversuch allerdings erst mit dem Mi-

kroskop/Diaprojektor. Eine qualitative Auswertung der Beugungsmuster kann

mit der Bragg-Gleichung erfolgen, da die au�retenden Beugungswinkel klein

sind. Im Folgenden eine Auswahl an Beugungsgittern: verschiedene 2D-Bravais-

Gitter; einkristalline, pulverförmige und amorphe Substanzen; Graphitpulver;

Legierungen/intermetallische Verbindungen; isotrope/texturierte Substanzen;

inkommensurable Strukturen; große Moleküle; Quasikristalle; Temperaturein-

�üsse. Diese neu entwickelten Transmissionsgitter sind selbstverständlich auch

für die Lehre im Hochschulbereich interessant.

DD 37.2 Tue 17:00 P
Exploration wichtiger ästhetischer Qualitäten der Wissenscha�sillustrati-
on am Beispiel von MR- AR- und Web3D-Applikationen zur Präsentati-
on von Experimenten in der Quantenphysik — ∙Jonas Lauströer1, Rein-
hard Schulz-Schaeffer

1
, Jochen Stuhrmann

1
, Rasmus Borkamp

1
, Adri-

an Abazi
2
, Carsten Schuck

2
, Wolfram H. P. Pernice

2
, Stefan Heusler

2
,

Paul Schlummer
2
und Daniel Laumann

2
—

1
HAW Hamburg, Hochschu-
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le für angewandte Wissenscha�en, Informative Illustration und Wissenscha�-

sillustration, Germany —
2
WWUMünster, Center for Nanotechnology, WWU

Münster Institut für Didaktik der Physik, Germany

Um visuelle Wissenscha�skommunikation mit interpretierenden Bildern evalu-

ieren zu können, wurde ein Katalog an visuellen ästhetischen Variablen erarbei-

tet. Visuellen Kriterien zur Evaluation ästhetischer Qualitäten in dynamischen,

dreidimensionalen Gestaltungen lassen sich am besten visuell entwickeln und

evaluieren. Im Gegensatz zum statischen 2D-Bild sind Qualitäten wie Kompo-

sition, Farbharmonie, Licht, Textur, Aufmerksamkeitssteuerung etc. in interak-

tiven 3D-Applikationen von dynamischen Ein�üssen abhängig. Interaktive Ele-

mente erweitern die Gestaltungsräume und müssen in die visuelle Konzeption

einbezogen werden. Das Plakat stellt dynamische, ästhetische Variablen vor, die

zurVerbesserung der Lesbarkeit desUser Interface sowie zur Steigerung derUsa-

bility und der User Experience entwickelt wurden. Diese Variablen werden zur

Datenerhebung in qualitativen Interviews adressiert.

DD 38: Postersession 2: Quantenphysik
Time: Tuesday 17:00–18:00 Location: P

DD 38.1 Tue 17:00 P
Quantenteleportation und Verschränkung im Science Center mit erweiterter
Realität: ProjektHolodeck:Q— ∙FranziskaGreinert1, OliverBodensiek1,
Dominik Essing

2
und GowthamMuthusamy

1
—

1
TU Braunschweig, Insti-

tut für Fachdidaktik der Naturwissenscha�en, Germany —
2
phaeno gGmbH,

Wolfsburg, Germany

Quantentechnologien, die Verfahren für die physikalisch abhörsichere Kom-

munikation nutzen, gewinnen zunehmend an Bedeutung und Bekanntheit. Da-

mit gehen jedoch auch vielfach Skepsis und Verunsicherung mit einher. Daher

sind Hemmungen abbauen und Interesse wecken die Hauptziele der Outreach-

Initiative Quantum aktiv des BMBF und auch des Projektes Holodeck:Q.

ImWolfsburger Science Center phaeno entsteht im Rahmen des Projektes ein

zweiteiliges Exponat. Im ersten Teil wird spielerisch in erweiterter Realität (AR)

das Quantenteleportationsprotokoll eingeführt, bevor im zweiten, vertiefenden

Teil Verschränkung erlebbar wird. Für letzteres wird eine Einzelphotonenquelle

von qutools mit zwei Polarisatoren verwendet, sodass die Verschränkung in der

Polarisationsrichtung von Photonenpaaren beobachtbar wird. Vorgestellt wer-

den das didaktische Konzept, der aktuelle Umsetzungststand und die weiteren

Pläne.

DD 38.2 Tue 17:00 P
Explanation of Quantum Physics by Gravity and Relativity: A Possible
Course — ∙Hans-Otto Carmesin — Gymnasium Athenaeum, Harsefelder

Straße 40, 21680 Stade — Universität Bremen, Fachbereich 1, Postfach 330440,

28334 Bremen — Studienseminar Stade, Bahnhofstraße 5, 21682 Stade

Since Planck discovered quantization in 1900, the nature of quanta was a mys-

tery.�at problem has now been resolved [1]. For it, I derived the postulates of

quantum physics from the equivalence principles, gravity and relativity, whereby

I analyzed the vacuum.

Using that derivation, I explain many quantities and properties of quantum

physics in a precise manner. Examples are the nature of nonlocality, the physical

quantity corresponding to the wave function ψ, the mathematical transforma-
tion describing the particle wave duality and the origin of the dynamics inherent

to the Schrödinger equation. Moreover, I propose and derive the generalized

Schrödinger equation. Furthermore, I identify the physical basis of the Planck

constant h.
Altogether, quantum physics has now been derived, explained and extended

in a direct and transparent manner on the basis of space, time and gravity. As

an additional test, I derive the density parameterΩΛ of the vacuum by using the

wave function ψ.�e result is in precise accordance with observation, whereby I
do not apply any �t. I propose a concept for a course in quantum physics, based

on space, time and gravity.

[1] Carmesin, H.-O. (February 2022): Explanation of Quantum Physics by Grav-

ity and Relativity. Berlin: Verlag Dr. Köster.

DD 39: Postersession 2: Sonstige
Time: Tuesday 17:00–18:00 Location: P

DD 39.1 Tue 17:00 P
Physikdidaktik - Quo vadis? — ∙Johannes Grebe-Ellis

1
, Susanne

Heinicke
2
, Micol Alemani

3
, Martin Hopf

4
, Heiko Krabbe

5
, Daniel

Laumann
2
, Horst Schecker

6
, Erich Starauschek

7
, Heike Theyssen

8
,

Thomas Wilhelm
9
und Rita Wodzinski

10
—

1
Universität Wuppertal

—
2
Universität Münster —

3
Universität Potsdam —

4
Universität Wien

—
5
Universität Bochum —

6
Universität Bremen —

7
PH Ludwigsburg —

8
Universität Duisburg-Essen —

9
Universität Frankfurt —

10
Universität Kas-

sel

Die Initiative “Physikdidaktik - Quo vadis?” widmet sich der Frage, wohin wir

uns als Physikdidaktik zukün�ig entwickeln möchten. Die Planungen für eine

Tagung, bei der sich Professor*innen der Physikdidaktik in Klausur intensiv aus-

tauschen, laufen bereits seit 2019. Coronabedingt musste diese Tagung mehr-

fach verschoben werden. Um zumindest einen ersten Schritt gehen zu können,

fand am 7. und 8. Oktober 2021 ein erster Teil der Tagung online statt. In vier

“Schlaglichtern” wurden exemplarisch zentrale Forschungsgebiete der Physik-

didaktik, ihre bisherige Entwicklung und der aktuelle Forschungsstand vorge-

stellt. In drei “Re�exionen” wurden übergreifende�emen wie Rahmenbedin-

gungen und Methoden diskutiert. Der Online-Tagung soll eine Präsenztagung

im Frühsommer 2022 folgen, die sich aufbauend auf einer Rückschau und Stand-

ortbestimmung vermehrt den Perspektiven physikdidaktischer Forschung wid-

met. Auf demPoster werden das gemeinsameAnliegen der beiden “Quo vadis?”-

Tagungen und ausgewählte Ergebnisse der Online-Tagung vorgestellt.

DD 39.2 Tue 17:00 P
Pythagoras und Euklid in höheren Dimensionen— ∙Martin Erik Horn—

iu - International University of Applied Sciences, Campus Berlin — ISM - Inter-

national School of Management, Campus Berlin

Die Physik spielt sich in einer mindestens dreidimensionalen Welt ab, in der

Richtungsbeziehungen eine wesentliche Rolle bei der Beschreibung physikali-

scher Phänomene spielen. Es ist deshalb sinnvoll im Rahmen physikalisch moti-

viertermathematischer Ansätze (wie z.B. der GeometrischenAlgebra vonGrass-

mann, Cli�ord und Hestenes) elementare geometrische Beziehungen nicht nur

durch skalare, sondern durch richtungsbezogene Größen (also Vektoren, Bivek-

toren, Trivektoren, etc.) auszudrücken.

Am Beispiel der Satzgruppen von Pythagoras und von de Gua de Malves

wird gezeigt, wie solche k-vektoriellen Beschreibungen gelingen und höher-

dimensionale Analogien zu den Höhen- und Kathetensätzen von Euklid gefun-

den werden können.

Und da die in der Physik betrachtetenGrößen auch nicht immer nur senkrecht

zueinander stehen, ist es erfreulich, dass diese höherdimensionalen Verallgemei-

nerungen auch für nicht-rechtwinklige geometrische Objekte (in Analogie zu

https://eldorado.tu-dortmund.de/bitstream/2003/39479/1/BzMu2020_HORN-

id235.pdf ) in eleganter Art und Weise beschrieben werden können.

DD 39.3 Tue 17:00 P
Subjektive Relevanz von Physik im Alltag— ∙JasminaMujagic

1
und Clau-

dia Haagen-Schützenhöfer
2
—

1
Fritz Strobl Schulzentrum, Spittal an der

Drau, Österreich —
2
Universität Graz, Institut für Physik, Graz, Österreich

Das Unterrichtsfach Physik hat kein besonders gutes Image. Schülerinnen und

Schüler verlieren im Laufe ihrer Schulzeit zunehmend das Interesse am Unter-

richtsfach Physik, wie zahlreiche Studien zeigen. Im Gegensatz dazu boomen

Wissenscha�sformate etwa im Fernsehen. Untersuchungen dazu, welchen Nut-

zen Schülerinnen und Schüler, die keinen beru�ichen Weg in eine technisch-

naturwissenscha�liche Richtung einschlagen, vom erworbenenWissen aus dem

Physikunterricht auch nach der Schulzeit ziehen, gibt es bisher kaum. Es ist we-

nig darüber bekannt, wie Erwachsene die Relevanz ihres Schulwissens im Be-

reich Physik für ihren Alltag einschätzen. Die vorgestellte Quali�zierungsarbeit

setzte an dieser Fragestellung an und untersuchte, ob Menschen, insbesondere

auch jene ohne beru�ichen Hintergrund im technisch-naturwissenscha�lichen

Bereich, ihrer individuellen Einschätzung nach von ihrem Schulwissen in ihrem

Lebensalltag pro�tieren, bzw. dieses für Entscheidungen heranziehen.Dazuwur-

den 72 Erwachsenemittels Fragebogen befragt, inhaltlich wurde auf die Bereiche

Anfangselektrizitätslehre und Erneuerbare Energie fokussiert.
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DD 40: Mitgliederversammlung des Fachverbands Didaktik der Physik
Time: Tuesday 18:00–19:30 Location: DD-MV
Mitgliederversammlung

DD 41: Neue / digitale Medien - Experimente
Time: Wednesday 10:45–11:45 Location: DD-H8

DD 41.1 Wed 10:45 DD-H8
Mit Arduino und Spielzeugeisenbahn zur Relativitätstheorie — ∙Jörg
Schneider undHolgerCartarius—AGFachdidaktik der Physik und Astro-

nomie, Friedrich-Schiller-Universität Jena, 07743 Jena

Die Relativitätstheorie ist als Teil des Physikunterrichts der gymnasialen Ober-

stufe fest in den Bildungsplänen verankert. Leider mangelt es aber an konkreten

Experimenten, mit denen sich relativistische Prinzipien und E�ekte veranschau-

lichen und erklären lassen.

Um dieser Problematik entgegenzuwirken und die Experimentiermöglichkei-

ten zur Relativitätstheorie im Schulunterricht und in unserem Schülerlabor zu

erweitern, wurden auf Grundlage von Arduino Analogversuche entwickelt, wel-

che Simulationen mit konkreten, greifbaren Experimenten vereinen. In Verbin-

dung mit einer Spielzeugeisenbahn können so beispielsweise die Zeitdilatation

und die Längenkontraktion untersucht werden.

Im Rahmen des Vortrages soll eine Übersicht über die Anwendungsmöglich-

keiten des Aufbaus gegeben werden sowie exemplarisch für einen Versuch zuge-

höriges Lehr- und Lernmaterial vorgestellt werden.

DD 41.2 Wed 11:05 DD-H8
phyphox: Erste Testungen der externen Sensorboxen mit erweiterten Ex-
perimentiermöglichkeiten — ∙Dustin Kirwald1

, Dominik Dorsel
1
, Leo

Bodewig
1
, Sebastian Staacks

2
, Christoph Stampfer

2
und Heidrun

Heinke
1
—

1
RWTHAachen University, I. Physikalisches Institut IA—

2
RWTH

Aachen University, II. Physikalisches Institut A

Bis heute sind bereits viele faszinierende wie didaktisch gewinnbringende Expe-

rimente mit Hilfe der internen Sensoren von Smartphones entwickelt worden.

Die kostenlose und quello�ene App phyphox grei� auf die fest verbauten, inter-

nen Sensoren des Smartphones zu und stellt die Messdaten sowie deren Auswer-

tung live dar. Damit die Lernenden weitere Inhalte über ihre eigenen mobilen

Endgeräte experimentell erschließen können, müssen die bereits zugänglichen

Messgrößen aus der internen Sensorik des Gerätes um weitere Größen erweitert

werden. Dazu nutzt phyphox eine Bluetooth Low Energy Schnittstelle, welche es

externerMesstechnik ermöglicht, Daten aufzunehmen und an phyphox zu über-

mitteln. Es sind vier Sensorboxen entwickelt worden, die eine quantitative Mes-

sung und Auswertung von Experimenten unter anderem aus der Elektrizitäts-

und Wärmelehre sowie der Mechanik in der phyphox-App ermöglichen. Die-

se Sensorboxen durchlaufen aktuell in Kooperation mit zwölf Partnerschulen

und in den physikalischen Praktika der Universität erste Anwendungstests. Im

Vortrag werden sowohl das Konzept zu den Sensorboxen als auch erste Rück-

meldungen seitens der Schulen und Ergebnisse aus Testläufen in den Praktika

vorgestellt.

DD 41.3 Wed 11:25 DD-H8
Die PhyxBox – ein interdisziplinäres Lehrmittel für diverse Unterrichtsfor-
men—Robert Schneeweiss, SaraOgrissek, Michael Beckstein, ∙Simeon
Völkel und Axel Enders — Experimentalphysik XI, Universität Bayreuth,

95440 Bayreuth

Unsere PhyxBox stellt ein neu entwickeltes Lehrmittelkonzept dar, um interdiszi-

plinäre Lerninhaltemit Schülerversuchen zu vermitteln. Konkret werden hier an

der Grenz�äche zwischen Informatik und Physik angesiedelte PhyxBoxen vor-

gestellt.

Die PhyxBox zeichnet sich durch eine explizite Trennung in physikzentrierte

und informatikzentrierte Aufgabenstellungen aus. Diese sind speziell aufeinan-

der abgestimmt, so dass physikorientierte und informatikorientierte Teams par-

allel arbeiten und ihre Ergebnisse schließlich zu einem gemeinsamen Aufbau

kombinieren können. Die PhyxBox-Häl�en sind dabei so konzipiert, dass sie

auch für sich genommen als einzelne Unterrichtseinheit direkt einsetzbar sind.

Dieses Konzept wird am Beispiel der PhyxBox zu�ermometern welche auf

dem thermoelektrischen E�ekt basieren illustriert. Eine aufbauende PhyxBox zu

dessen Umkehrung, dem Peltiere�ekt, ermöglicht durch die Kombination mit

Arduino-basierter Datenerfassung und Auswertung den Bau eines Taupunkt-

Hygrometers. Damit skalieren die PhyxBoxen von fachübergreifendem Unter-

richt über Begabtenförderung bis zu universitären Praktikumsversuchen. Durch

die spezielle Zusammenstellung der Materialien sind die PhyxBoxen nicht nur

für den Präsenzunterricht geeignet, sondern auch in der Distanzlehre oder für

selbstreguliertes Lernen einsetzbar.

DD 42: Lehr- und Lernforschung - Repräsentatonsformen
Time: Wednesday 10:45–11:45 Location: DD-H9

DD 42.1 Wed 10:45 DD-H9
Wie man multiple externe Repräsentationen gewinnbringend im Physik-
unterricht einsetzt: Resultate zweier Interventionsstudien — ∙Andreas
Lichtenberger

1
, Lennart Schalk

2
und Tommi Kokkonen

3
—

1
ETH Zü-

rich, Schweiz —
2
PH Schwyz, Schweiz —

3
Universität Helsinki, Finnland

Im naturwissenscha�lichen Unterricht werden meist verschiedene externe Re-

präsentationenwieManipulative (z.B. Experimente), Visualisierungen (z.B. Dia-

gramme) und mathematische Formeln eingesetzt. Zahlreiche Studien belegen

die positive Förderung des Lernens durch den Einsatz von multiplen im Ver-

gleich zu einzelnen Repräsentationen. Weniger erforscht ist bislang, wie ver-

schiedene Repräsentationen möglichst e�ektiv sequenziert und kombiniert wer-

den können. Eine Methode, die als besonders förderlich für den Mathematik-

und Naturwissenscha�sunterricht vorgeschlagen wird, ist das Concreteness Fa-
ding. Dabei beginnt der Unterricht mit einer konkreten Repräsentation (z.B.
einem Experiment) und geht schrittweise zu abstrakteren Repräsentationen

(z.B. Formeln) über. In zwei experimentellen Studien am Gymnasium zum an-

spruchsvollen�ema der elektromagnetischen Induktion haben wir die E�ek-

tivität von Concreteness Fading mit der umgekehrten Sequenz, Concreteness

Introduction (N = 70), und mit einem integrierten Ansatz, bei dem alle Reprä-

sentationen gleichzeitig eingeführt werden (N = 115), verglichen. Es hat sich

gezeigt, dass sich bezüglich des konzeptuellen Verständnisses keine Unterschie-

de zwischen den drei Ansätzen ergeben. Allerdings gibt es Hinweise darauf, dass

der integrierte Ansatz die Repräsentationskompetenz stärkt.

DD 42.2 Wed 11:05 DD-H9
Räumliches Denken bei Studierenden bei der Lösung mathematisch-
physikalischer Aufgaben zu Bewegung und Veränderung — ∙Marion Zög-

geler—Universität Salzburg, Österreich

Zur Lösung mathematisch-physikalischer Aufgaben �ießt das räumliche Den-

ken in unterschiedlicher Ausprägung und auf verschiedene Weise ein. Anhand

einer qualitativen Studie wird untersucht, wie Studierende räumliche Denkpro-

zesse bei der Bearbeitung ausgewählter Aufgaben aus den Bereichen Mathema-

tik, Physik, Technik und Astronomie einsetzen. Ziel der Untersuchung ist es, ei-

ne Vielzahl an räumlichen Denkschritten zu sammeln. Die Datenerhebung die-

ser Studie an der Universität Salzburg erfolgt mittels individueller Bearbeitung

der Aufgaben, einer paarweisen Besprechung des Lösungsweges und eines leitfa-

dengestützten Interviews. Die Aufgaben beziehen sich auf Inhalte zu Bewegung

und Veränderung als wesentliche Elemente des räumlichen Denkens. Eine ein-

gehende Sachanalyse fachlicher Inhalte der STEM-Fächer zeigt nämlich, dass

Bewegung als fachliches Element und als Element des räumlichen Denkens ei-

ne zentrale Rolle spielt: als Vorstellung einer realen Bewegung, als verändernder

Vorgang in einem Lösungsprozess sowie als Erkennen von Bewegbarkeit von

Teilen in einem System. Die Auswertung, die auf einer qualitativen Inhaltsana-

lyse beruht und auf die Aufstellung vonHypothesen zielt, zeigt spezielle Prozesse

des räumlichen Denkens, wie die Fokussierung auf relevante Merkmale der Be-

wegung, aber auch die Verbindungmit weiterenmentalen Fähigkeiten, wie unter

anderem mit logischem Denken.

DD 42.3 Wed 11:25 DD-H9
Förderung schri�licher Erklärungen im Physikunterricht — ∙Heiko Krab-
be, CarinaWöhlke und Lukas Elflein— Physikdidaktik, Ruhr-Universität

Bochum
Sprachliche Handlungen wie das Erklären sind ein fester Bestandteil der Bil-

dungsstandards für Physik (Tajmel, 2011). Wissenscha�liche Erklärungen ha-

ben eine spezi�sche Struktur, die auch sprachlich di�erenziert ist (Osborne &

Patterson, 2010). In der Studie wird die Umsetzung von Erklärungen im Phy-
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sikunterricht in fachlich-konzeptioneller und sprachlicher Hinsicht gefördert.

In einer Untersuchung mit 5 Gesamtschulklassen erstellten die Schülerinnen

und Schüler Erklärvideos, in denen sie die Bewegung eines startenden Raum-

schi�s anhand der au�retenden Krä�e erklären sollten. Sie mussten zuvor Dreh-

buchtexte verfassen und diese je nach Gruppemit rein fachlich-konzeptionellen,

rein sprachlichen oder fachlich-konzeptionellen und sprachlich kombinierten

Gerüsten zur Strukturierung der Erklärungstexte überarbeiten. Die Analysen

mittels Kodiermanual, t-Test und Kruskal-Wallis-Test zeigen, dass fachlich-

fachlich-konzeptionelle und sprachlich kombinierte Gerüste am ehesten beim

Verfassen einer Erklärung helfen.

DD 43: BNE - Lernendenperspektive
Time: Wednesday 10:45–11:45 Location: DD-H10

DD 43.1 Wed 10:45 DD-H10
Mit Interesse ermächtigt: die Welt verstehen und mit Hilfe der Physik han-
deln — ∙John-Luke Ingleson1

, André Bresges
2
und Alexander Strahl

3

—
1
Wöhlerschule, 60320 Frankfurt —

2
Universität Köln —

3
Universität Salz-

burg

Klimawandel, Pandemien, ein sich beschleunigender gesellscha�licher Wandel,

neue Technologien und eine höhere Dichte an Informationen verändern die Art

und Weise, wie Lernende Ihre Umwelt wahrnehmen. Auf der Basis dreier Stu-

dien aus Salzburg und der IPN Interessenstudie soll anhand einer Befragung in

Deutschland ein aktueller Überblick über das Interesse von jungen Menschen

in den Naturwissenscha�en ermöglicht werden. Hier werden insbesondere Be-

reiche, die sich mit den Problemstellungen der Umwelt, der Gesellscha� und

den SDG beschä�igen, betrachtet. Bei den bisher vorliegenden Studien hat sich

herausgestellt, dass sich unterschiedliche Interessengruppen von Lernenden her-

auskristallisiert haben. Vor allem bei den zwei größten dieser Interessensgrup-

pen deutet sich das Potential an, über umwelt- und gesellscha�srelevante�e-

men zu motivieren und damit die physikalische Breitenbildung zu stärken. Es

ist geplant gemeinsam mit Lernenden in einem nächsten Schritt durch Aufbau

und Testen von Hypothesen zu prüfen, ob die obenen genannten�emen bei

den Interessentypen auf Akzeptanz stoßen. Das Ziel ist es, darauf aufbauend in

Lerngruppen mit Hilfe agiler Arbeitsweisen Interventionen zu entwickeln, die

kra� der Physik Lösungswege für Zukun�sthemen aufzeigen.

DD 43.2 Wed 11:05 DD-H10
Bildung für nachhaltige Entwicklung, 4K und digitale Kreativitätswerkzeuge
— ∙JannikHenze, LarsMöhring und André Bresges— Institut für Physik-

didaktik, Universität zu Köln, Köln, Deutschland

Bildung für nachhaltige Entwicklung beinhaltet neben der Ebene der In-

formation auch die Ebene des Kompetenzerwerbs. Im mathematisch-

naturwissenscha�lichen Unterricht können und sollen die 4K-Kompetenzen

Kooperation, Kreativität, Kritisches Denken und Problemlösen sowie Kom-

munikation durch die Unterrichtseinheiten vertie� werden. Moderne Bildung

jedoch verbindet dies gleichzeitig mit einer digitalen Komponente. In dem Pro-

jekt *Zukun� gestalten mit Mensch und Technik* wurde jene Kombination

mithilfe digitaler Kreativitätswerkzeuge berücksichtigt, erprobt und die sich

daraus ergebende Auswirkung der Lernwerkzeuge hinsichtlich der 4K evaluiert.

Auch die Auswirkung digitaler Kreativitätswerkzeuge auf das Growth Mindset

und die Bereitscha� solche Tools im eigenen Unterricht einzusetzen wurden

untersucht.

DD 43.3 Wed 11:25 DD-H10
Pilotierungsergebnisse eines Klimawandel-Konzepttests — ∙Thomas
Schubatzky

1
, RainerWackermann

2
, CarinaWöhlke

2
, ClaudiaHaagen-

Schützenhöfer
1
, HannesKasimir Lindemann

2
, KaiCardinal

2
undMar-

ko Jedamski
2
—

1
Universität Graz, Graz, Österreich —

2
Ruhr-Universität

Bochum, Bochum, Deutschland

Der aktuelle Klimawandel stellt unsere Gesellscha� vor große Herausforderun-

gen. Der Klimawandel ist somit besonders für junge Menschen, deren Leben

kün�ig von Klimawandelauswirkungen geprägt ist, zentral. Ein grundlegendes

Verständnis des Klimawandels kann Personen insbesondere dabei helfen, falsche

oder widersprüchliche Darstellungen besser einzuschätzen, um so am gesell-

scha�lichen Diskurs zum�ema Klimawandel teilhaben zu können. Die Erfas-

sung von Schülervorstellungen ist außerdem zentral für die Entwicklung von

Lernangeboten, etwa im Sinne der didaktischen Rekonstruktion. Um Aussagen

über das Verständnis von zentralen fachlichen Inhalten zum Klimawandel zu-

verlässig tre�en zu können, braucht es geeignete Testinstrumente. Für die Ent-

wicklung eines derartigen Klimawandel-Konzepttests wurden zentrale fachliche

Inhalte identi�ziert, o�ene Fragen entwickelt und schließlich Distraktoren und

Attraktoren aus über 30 Interviews abgeleitet. Anschließendwurde der Konzept-

test bei insgesamt rund 200 Schüler:innen, Studierenden und Expert:innen pi-

lotiert. Im Beitrag werden die Ergebnisse der (quantitativen) Pilotierung und

abgeleitete Überarbeitungsschritte vorgestellt. Zudem wird ein Ausblick auf die

geplante Hauptstudie gegeben.

DD 44: Hochschuldidakitk - neue Konzepte
Time: Wednesday 10:45–11:45 Location: DD-H11

DD 44.1 Wed 10:45 DD-H11
Hochschuldidaktischer Vergleich von Experimentierhausaufgaben und kla-
sischen Übungsaufgaben— ∙Andreas Kaps und Frank Stallmach— Uni-
versität Leipzig, Fakultät für Physik und Geowissenscha�en, Bereich Didaktik

der Physik, Prager Straße 36, 04317 Leipzig

Im Rahmen einer quasi experimentellen Feldstudie im Zweikohortende-

sign wurden smartphonebasierte Experimentierhausaufgaben mit klassischen

Übungsaufgaben verglichen. Es wurde der Ein�uss auf die Motivation und das

Interesse mit validierten Testinstrumenten untersucht. Außerdem wurde die

Lernwirksamkeit über Pre- und Posttest quanti�ziert. Das Studiendesign und

die Aufgaben werden detailliert vorgestellt. Die Ergebnisse des Vergleichs wer-

den abschließend diskutiert und Implikationen für die Lehre abgeleitet.

DD 44.2 Wed 11:05 DD-H11
Strukturanalyse von Physik Studiengängen — ∙Daniela Kern-Michler

1
,

Stefan Brackertz
2
, Sophie Penger

2
, Manuel Längle

3
, Christoph

Kronberger
4
, Annemarie Sich

2
, Lisa Lehmann

5
, WandaWitte

6
und Amr

El Miniawy
7
—

1
ZaPF e.V., Frankfurt, Deutschland —

2
Uni zu Köln, Köln,

Deutschland—
3
UniWien, Wien, Österreich —

4
TUWien, Wien Österreich —

5
TUDresden, Dresden, Deutschland—

6
Uni Rostock, Rostock, Deutschland—

7
Humbolt Uni, Berlin, Deutschland

Bei der Frage wie Studiengänge �exibel studierbar gestaltet werden können,

spielen vor allem die Struktur also die Module und ihre Zusammenhänge so-

wie Voraussetzungen eine große Rolle. Einem Vorschlag eines vorherigen Bei-

trags im Studienrefom-Forum folgend wurde ein Onlinetool erstellt, welches

aus der Eingabe von Modulen und Voraussetzungen ”Strukturformeln” oder

”Explosionszeichnungen” erstellt [1].

In diesem Vortrag werden bisherige Ergebnisse des Projektes zur Erhebung

und zum Vergleich von Physikstudiengängen vorgestellt und diskutiert. Neben

der Frage nach gemeinsamen Strukturmustern und Unterschieden stellt sich

auch die Frage nach dem Ein�uss der Darstellungsart.

[1] http://studiengang-diagramm.de/

DD 44.3 Wed 11:25 DD-H11
Peer Instruction in der�eoretischenPhysik— ∙Philipp Scheiger1,2, Ronny
Nawrodt

2
und Holger Cartarius

1
—

1
Fachdidaktik der Physik und Astro-

nomie, Friedrich-Schiller-Universität Jena, 07743 Jena —
2
Physik und ihre Di-

daktik, Universität Stutt- gart, 70569 Stuttgart

Die Peer Instruction ist ein e�ektives Konzept, aktivierende Lehre praktisch um-

zusetzen. Durch gezielte Verständnis- oder KonzeptfragenmitMultiple-Choice-

Antworten können Lernende animiert werden, das eigene Verständnis an kon-

kreten Beispielen noch in der Vorlesung zu testen. In der Peerdiskussion lernen

sie eigene Argumente zu formulieren und zu überprüfen. Seit dieseMethode von

EricMazur vorgestellt wurde, fand sie Einzug in unzählige Lehrveranstaltungen.

Im Bereich der�eoretischen Physik, mit meist vom Formalismus geprägten

Vorlesungen, gibt es allerdings noch kaum Umsetzungen oder konkret ausge-

arbeitete Beispiele, die im Sinne der Peer Instruction eingesetzt werden kön-

nen. Wir möchten in diesem Vortrag Beispiele vorstellen, wo und wie Kon-

zeptfragen nach den fünf Grundregeln von Mazur (Fragen sollten: -sich auf ein

Konzept konzentrieren; -nicht durch Anwendung von Formeln zu lösen sein;

-attraktive Multiple-Choice-Distraktoren anbieten; eindeutig formuliert sein; -

nicht zu leicht oder zu schwer sein.) in der�eoretischen Physik umgesetzt wer-

den können. Darüber hinaus möchten wir aber ebenfalls aufzeigen, wie das Feld

der Peer Instruction neben den Konzeptfragen erweitert werden kann, um das

Wechselspiel Physik-Mathematik zu trainieren und so die Formalismen physi-

kalischer�eorien nahbarer zu machen.
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DD 45: Astronomie
Time: Wednesday 10:45–11:45 Location: DD-H12

DD 45.1 Wed 10:45 DD-H12
Fern, ferner, am fernsten – warum es sinnvoll ist, auch imMathematikunter-
richt über Exoplaneten und Kosmologie zu sprechen— ∙EleenHammer und
HolgerCartarius—AGFachdidaktik der Physik undAstronomie, Friedrich-

Schiller-Universität Jena, 07743 Jena

In lediglich 3 deutschen Bundesländern wird Astronomie als eigenständiges

Fach in der Sekundarstufe I unterrichtet, obwohl Studien belegen, dass das Inter-

esse der Schüler am Fach hoch ist und Astronomie einen wichtigen Beitrag zum

Allgemeinbildungsau�rag der Schule leistet. Da Astronomie stark interdiszipli-

när ist, wird die enge Verknüpfung zur Mathematik ausgenutzt, um den Schü-

lern im Mathematikunterricht astronomische Inhalte näher zu bringen. In die-

sem Vortrag werden konkrete Sachaufgaben für den modernen, kompetenzori-

entierten Mathematikunterricht vorgestellt, die den Schülern der Sekundarstufe

I Fakten und Gesetzmäßigkeiten der�emenbereiche Exoplaneten und Kosmo-

logie vermitteln.

DD 45.2 Wed 11:05 DD-H12
Stellarium Gornergrat - ein fergesteuertes astronomisches Observatorium
für Bildungszwecke— ∙Stéphane Gschwind

1
, Sascha Hohmann

3
, Andre-

asMueller
1
und Timm Riesen

2
—

1
IUFE - Institut Universitaire de Formation

des Enseignants, Université de Genève, Schweiz —
2
CSH - Center for Space and

Habitability, Universität Bern, Schweiz —
3
IPN - Leibniz Institute for Science

and Mathematics Education, Kiel, Deutschland

Das Stellarium Gornergrat gegenüber vom Matterhorn in der Schweiz ist eines

der leistungsfähigsten roobotischen Observatorien für didaktische und ”citizen

science”-Zwecke in Europa. Über ein Webportal können SchülerInnen und

LehrInnen von der Primarstufe bis zur gymnasialen Oberstufe verschiedene

astronomische Beobachtungsaktivitäten durchführen. Die inhaltliche Bandbrei-

te reicht von erdnahen Sonnensystem bis zu entfernten Galaxien.

Zu jeder Aktivität stehen Erläuterungen, Arbeitsblätter sowie Beobachtungs-

au�räge zurVerfügung, die von den Lernenden selbstständig online gebucht und

daraufhin vom Teleskop eigenständig aufgenommen werden können. Diese sind

wenig später auf dem Portal abrufbar und können ausgewertet werden.

Wir geben einen Überblick über neue Entwicklungen und Beobachtungsakti-

vitäten mit dem Stellarium Gornergrat, z.B. zu Exoplaneten oder zum Mond.

DD 45.3 Wed 11:25 DD-H12
Entwicklung eines Konzepttests zur Astronomie - Erste Ergebnisse —
∙Philipp Bitzenbauer1 und Malte Ubben

2
—

1
Staudtstr. 7 / B2, 91058 Er-

langen —
2
Wilhelm-Klemm-Str. 10, 48149 Münster

Sterne und dasWeltall sind bei Lernenden seit jeher hoch imKurs, wie die Ergeb-

nisse von Interessensstudien zeigen. Empirische Instrumente zur Erhebung von

Vorstellungen oder Konzeptverständnissen Lernender zu Konzepten der Astro-

nomie sind jedoch rar. Im vorgestellten Projekt wird die Entwicklung und Pi-

lotierung von solchen Instrumenten für den deutschen Sprachraum angestrebt.

Wir berichten in diesemBeitrag die Ergebnisse der Pilotierung eines ersten Kon-

zepttests zu Sternen, der auf international bereits etabliertenConcept Inventories

basiert.

DD 46: BNE - Konzepte
Time: Wednesday 12:00–13:00 Location: DD-H8

DD 46.1 Wed 12:00 DD-H8
Bildung für Nachhaltige Entwicklung und Physikunterricht:Wie geht das am
besten zusammen?— ∙André Bresges, Carina Schatz, LarsMöhring, Sa-

scha Therolf, JannikHenze, FlorianGenz und Cristal Schult— Institut

für Physikdidaktik, Universität zu Köln, 50923 Köln

Die globalen Ziele für nachhaltige Entwicklung der Agenda 2030 richten sich

an Regierungen, Zivilgesellscha�, Privatwirtscha� und auch an die Wissen-

scha�. Die meisten dieser Ziele lassen sich ohne grundsätzliche mathematisch-

naturwissenscha�licheKenntnisse weder durchdringen noch erreichen. Es ist je-

doch die Komplexität von Nachhaltigkeitszielen wie Klimaschutz, nachhaltigen

Städte und Gemeinden oder bezahlbarer und sauberer Energie, die dem Physik-

unterricht zu scha�en macht. Von der Berechnungsformel des Anhalteweges bis

zum Ziel der sicheren und nachhaltigen Mobillität ist es unterrichtlich ein wei-

ter Weg. Die Auseinandersetzung mit den komplexen und zum Teil nicht rever-

siblen Wirkungskreisen des Klimawandels kann bei Schüler*innen schnell das

Gefühl von Verzweifelung bis hin zur erlernten Hil�osigkeit erzeugen. Aus Sicht

von Klimaaktivisten wie der *Fridays for Future* Bewegung informiert Schule

über den Status Quo und verstärkt ihn damit, da in den Schüler*innen keine

*Kompetenz zur Veränderung* gefördert wird. Aufbauend auf dem 5E Modell

vonBybee et al. erprobenwir in der InklusivenUniversitätsschule derUniversität

zu Köln in verschiedenen Projekten, wie sich der Physikunterricht den Globa-

len Nachhaltigkeitsszielen annähern und die Kompetenz zur Veränderung des

Status Quo in Schüler*innen anlegen kann.

DD 46.2 Wed 12:20 DD-H8
Climate Escape - Entkommen aus der Klimakatastrophe?!— ∙Timo Graffe,
Johannes Lhotzky, Filip Sirrenberg, UweOberlack undKlausWendt—

Institut für Physik, JGU Mainz

Das ”Climate Escape” ist ein interaktiv gestaltetes Schülerlabor in Form eines

Escape Games, welches im NaTLab Physik der Universität Mainz durchlebt

werden kann. Dafür wurden sechs Stationen zum �ema ”Klimawandel und

Nachhaltigkeit” mit Fokus auf den naturwissenscha�lichen Grundlagen des Kli-

mawandels für die Mittelstufe konzipiert. Neben einer physikalischen Schwer-

punktsetzung werden im Labor auch immer wieder Bezüge zu chemischen,

geographischen und biologischen Inhalten hergestellt. Dabei werden die �e-

men den Schüler:innen anhand von Modellversuchen im Escape Room-Design

nähergebracht. Die Idee dahinter ist, den Bildungsinhalt mit dem Lösen von

Rätseln und Ö�nen von Schlössern zu verbinden. Die ”Escape”-Umgebung ist

durch gezielte Gami�cation, progressive Arbeitsmaterialgestaltung und Metho-

den der Binnendi�erenzierung darauf ausgelegt, von Lernenden in eigenständi-

ger Kleingruppenarbeit bewältigt werden zu können. Der Escape Room-Ansatz

bietet so dieMöglichkeit, in Form von Educational Gaming das Lernen zu einem

Erlebnis zu machen und dabei die Schüler:innen intrinsisch zu motivieren. Der

Vortrag im Rahmen der DPG-Tagung zielt darauf ab, den Zuhörer:innen einen

Einblick in die Gestaltung des ”Climate Escapes” und der Versuche zu geben so-

wie eine rezeptartige Anleitung für die Konzeption eines eigenen Escape Rooms

aufzuzeigen.

DD 46.3 Wed 12:40 DD-H8
Bildung für nachhaltige Entwicklung im Naturwissenscha�sunterricht der
IGS: Die Bedeutung von physikalischemWissen im BNE-orientierten Unter-
richt— ∙Christin Sajons, SimonHermanns, Mitja Evers undMichaelKo-

morek—Carl von Ossietzky Universität, Oldenburg, Deutschland

Bildung �ndet unter den Bedingungen einer sich schnell wandelnden Gesell-

scha� statt, was die Bedeutung einer Bildung für eine nachhaltige Entwicklung

(BNE) immer stärker in den Fokus rückt. BNE soll Kinder und Jugendliche auch

dazu befähigen, ein angemessenes und positives Bild vonWissenscha� zu entwi-

ckeln, um komplexe persönliche und gesellscha�liche Herausforderungen und

Krisen (Pandemien, Klimawandel) anzunehmen und damit verbundene Chan-

cen zu nutzen. Dennoch �ndet BNE bisher meist nur in Randformaten (AGs,

Projektwochen) und selten direkt im Fachunterricht statt. Eine kooperieren-

de Gesamtschule hat sich deshalb als Ziel gesetzt, das schuleigene Curriculum

von den Global Goals der Vereinten Nationen aus neu zu strukturieren und

den Fachunterricht daran auszurichten. Hierzu ist ein fachbezogener Unterricht

nötig, in dem disziplinäre und übergreifende Kompetenzen (vgl. cross-cutting

key competencies, UNESCO) erreicht werden können. Im Vortrag werden das

Verhältnis zwischen physikalischen und übergreifenden Kompetenzen disku-

tiert und konkrete Entwicklungsergebnisse des Kooperationsprojektes präsen-

tiert. Es wird anhand zweier exemplarischer Unterrichtsansätze demonstriert,

wie der Anchored-Instruction-Ansatz genutzt wird, um einen BNE-orientierten

Fachunterricht umzusetzen.
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DD 47: Lehreraus- und -weiterbildung - Lehrkonzepte
Time: Wednesday 12:00–13:00 Location: DD-H9

DD 47.1 Wed 12:00 DD-H9
Das Storytelling im Physikunterricht - konkrete Ausblicke zur Untersuchung
derWirksamkeit des Storytelling als Planungsansatz für Praxissemester Stu-
dierende— ∙Michel Noethlichs

1
, Benjamin Niehs

2
, Alexander Strahl

3

undAndréBresges
4
—

1
ZfSL Leverkusen, 51379 Leverkusen—

2
Europaschule

Bornheim, 52223 Bornheim—
3
Universität Salzburg, 5020 Salzburg—

4
Institut

für Physikdidaktik, Universität zu Köln, 50923 Köln

Die Lehrerausbildung inDeutschland unterteilt sich in das eher theoretische Stu-

dium und dem anschließenden Referendariat, in dem es eher darum geht, In-

halte in die Praxis umzusetzen. Dabei kommt der Planung von Physikunterricht

eine sehr große Rolle zu und stellt für die Studierenden eine große Kompetenz

da, die es gilt im Lauf der Ausbildung zu entwickeln. In diesem Forschungsfeld

soll daher das Storytelling als Planungsansatz anhand der Umsetzung durch die

Praxissemester Studierenden untersucht werden. Erste vielversprechende Ergeb-

nisse zur Wirkung des Storytellings bei Lehrpersonen wurden bereits von der

Arbeitsgruppe um Prof. Heering an der Uni Flensburg untersucht. Daran ange-

lehnt soll ein etwas abweichender Ansatz des Storytelling als Planungsprämisse

für Physikunterricht durch Praxissemester Studierende untersucht werden. Ein

wesentliches Merkmal soll dabei die aktive Teilnahme der Lernenden in die Sto-

ry sein - die Lernenden werden somit selbst Teil einer Geschichte und müssen

Probleme oder Erkenntnisse mit Hilfe physikalischer Erkenntnisse lösen. Inwie-

fern sich dieser Planungsansatz auf die Planungskompetenz der Studierenden

auswirkt, bleibt zu untersuchen.

DD 47.2 Wed 12:20 DD-H9
Beein�usst eine professionsbezogene Lehre der Physik imStudiumdas schul-
praktische Handeln? — ∙Tilmann Steinmetz und Erich Starauschek —
PSE Stuttgart-Ludwigsburg

Der Professionsbezug gilt als wichtiger Bestandteil der Physiklehramtsausbil-

dung. Es gibt verschiedene Ansätze diesen im Rahmen der Physikfachveranstal-

tungen an Universitäten zu erhöhen. Damit ist u.a. das Ziel verbunden, Studie-

rende gezielter auf Anforderungen der Schulpraxis vorzubereiten. Unsere Stu-

die untersucht, ob und wie sich ein Professionsbezug auf das Handeln angehen-

der Physiklehrkrä�e im Physikunterricht der Schulpraxis auswirkt. Eine verglei-

chende qualitative Interviewstudie mit Physik-Lehramtsstudierenden im Schul-

praxissemester umfasst Gruppen: (1) Studierende mit und (2) Studierende oh-

ne Professionsbezug in der physikalischen Fachausbildung des Grundstudiums.

Bei den Studierenden der ersten Gruppe wurde der Professionsbezug durch das

Konzept des kumulativen Lehrens im Lehramtsstudium Physik realisiert. Eine

Typenbildung anhand einer qualitativen Inhaltsanalyse ergibt, dass Studierende

der ersten Gruppe eher schülerorientiert unterrichten, während Studierende der

zweiten Gruppe eher inhaltsorientiert unterrichten. Ein expliziter Professions-

bezug könnte somit eine Sozialisation als Lehrkra� während des Fachstudiums

fördern.

DD 47.3 Wed 12:40 DD-H9
Weniger rechnen,mehr sprechen: Einblicke in einenneuen Lehramtsstudien-
gang — ∙Martin Dickmann, Cornelia Geller und Hendrik Härtig —

Universität Duisburg-Essen, Essen, Deutschland

Ausgehend von aktuellen Befunden der Unterrichts- und Professionalisierungs-

forschung wird an der Universität Duisburg-Essen ein spezi�scher Bachelorstu-

diengang für das Sek I-Lehramt an nicht gymnasialen Schulformen neu konzi-

piert. Ziele der Neukonzeption sind der Erwerb von konzeptuellem Verständnis

in unterrichtsrelevanten Inhalts- und Handlungsfeldern bei geringerem Mathe-

matisierungsgrad sowie die Unterstützung der Studienmotivation durch Kom-

petenzerleben und Kohärenzwahrnehmung. Dazu werden sowohl inhaltlich als

auch organisatorisch neue Strukturen erprobt, beispielsweise werden klassische

Veranstaltungsformate durch kognitiv aktivierende Lehr- und Lernformate er-

setzt. Im Vortrag werden die Grundideen der Neukonzeption vorgestellt und an

konkreten Beispielen diskutiert.

DD 48: Lehr- und Lernforschung - Methodik
Time: Wednesday 12:00–13:00 Location: DD-H10

DD 48.1 Wed 12:00 DD-H10
Was ist eigentlich tet.folio?— ∙SebastianHaase1, MarkusElsholz

2
,Wolf-

gang Lutz
2
und Thomas Trefzger

2
—

1
Fachbereich Erziehungswissenscha�

und Psychologie, AB Schulpädagogik/Schulentwicklungsforschung, Freie Uni-

versität Berlin —
2
Lehrstuhl für Physik und ihre Didaktik, Julius-Maximilians-

Universität Würzburg

tet.folio ist als o�ene Entwicklungs- und Lehr-Lern-Plattform aus dem Projekt

Technology Enhanced Textbook (TET) an der FU Berlin entstanden. Das zu-
grundeliegende didaktisch-technologische Prinzip fordert, dass sich digital an-

gereicherter Unterricht nicht von den momentan verfügbaren technischen Lö-

sungen einschränken lassen darf. Didaktische Unterrichtskonzeptionen werden

vielmehr als Anforderungen an eine technologische Umsetzung verstanden und

Lehrende als kreative Autor:innen digitaler Lernumgebungen gesehen. Im Sin-

ne des SAMR-Modells können sie interaktive und kollaborative digitale Lern-

inhalte erstellen, die sich nahtlos in das individuelle didaktische Konzept ein-

fügen. Im Vergleich zu einer menügesteuerten Learning Management Umge-

bung orientiert sich tet.folio an der Buch-Metapher und fokussiert auf die Frei-

heit der Gestaltungsmöglichkeiten. ImBeitrag zeigenwir exemplarisch verschie-

dene Anwendungsszenarien und aktuelle Entwicklungsrichtungen der tet.folio-

Umgebung, wie z.B. real-time Kollaboration und Erhebungsmöglichkeiten für

die Lehr-Lern-Forschung.

DD 48.2 Wed 12:20 DD-H10
Computerbasiertes Testen mit tet.folio — ∙Wolfgang Lutz

1
, Sebasti-

an Haase
2
, Markus Elsholz

1
und Thomas Trefzger

1
—

1
Lehrstuhl

für Physik und ihre Didaktik, Julius-Maximilians-Universität Würzburg —
2
Fachbereich Erziehungswissenscha� und Psychologie, AB Schulpädago-

gik/Schulentwicklungsforschung, Freie Universität Berlin

In der empirischen Forschung werden zur Erfassung von Personenmerkmalen

häu�g Fragebögen oder Multiple Choice Tests im Papierformat eingesetzt. Die

erhobenenDatenwerden anschließend zur weiterenAuswertung codiert und di-

gitalisiert. Computerbasierte Testungen bieten demgegenüber viele Vorteile z.B.

im Bereich der Organisation, Informationsverarbeitung und automatischer Aus-

werteverfahren. Im Beitrag wird am Beispiel eines Forschungsprojekts zum Ein-

satz der Flipped Classroom Methode im Physikunterricht der Sek I gezeigt, wie

sich mit der Plattform tet.folio online eine pseudonymisierte Testumgebung ge-

stalten lässt. Durch die Entwicklung eines so genannten *Action-Loggers* kön-

nen nicht nur Ergebnisse, sondern alle von den Nutzern getätigte Aktionen mit

einem Zeitstempel erfasst werden. Daraus ergeben sich neue Möglichkeiten zur

Aufbereitung der erhobenen Daten aber auch zur Erhebung des Nutzungsver-

haltens digitaler Unterrichtsmaterialien, beispielsweise von Lernvideos.

DD 48.3 Wed 12:40 DD-H10
Concept Inventory Development - New lessons learned with the Flight
Physics Concept Inventory (FliP-CoIn) — ∙Florian Genz

1,3
, André

Bresges
2
, Kathleen Falconer

2
, and Lars Möhring

2,3
—

1
ZuS - Science

Labs, University of Cologne / GERMANY—
2
Universität zu Köln —

3
ComeIN

- Communities of Practice NRW
Concept Inventories surged in physics (e.g.: physport.org) and leaked fast into

many other educational disciplines. However, Concept Inventories di�er widely

in the way they are developed and validated. We present particular important

methods and techniques for Concept Inventory development as well as critical

turning points by the practical example of the Flight Physics Concept Inventory

(FliP-CoIn, https://zus.uni-koeln.de/�ip-coin.html ).

We shed a practical light on the methodological steps: Literature review and

the decision about the underlying test theory, expert opinions, student concepts,

think-aloud interviews, focus groups, data collection, data transformation, and

analysis.

�is will be a humbling talk with focus on avoidable mistakes...inspired by life

experience, hence, past mistakes.

keywords: Research-based assessment instrument, conceptual test
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DD 49: Lehreraus- und -weiterbildung - digitale Medien
Time: Wednesday 12:00–13:00 Location: DD-H11

DD 49.1 Wed 12:00 DD-H11
DigitaleMedien imPhysikunterricht: Entwicklung eines Seminarkonzepts—
∙David Weiler

1
, Jan-Philipp Burde

1
, Andreas Lachner

1
, Rike Grosse-

Heilmann
2
, Josef Riese

2
und Thomas Schubatzky

3
—

1
Universität Tü-

bingen, Tübingen, Deutschland —
2
RWTH Aachen, Aachen, Deutschland —

3
Universität Graz, Graz, Österreich

Ein zentrales Ziel des Verbundprojekts DiKoLeP (Digitale Kompetenzen von

Lehramtsstudierenden im Fach Physik) ist es, ein Lehrkonzept zu entwickeln,

das die Kompetenzen zum fachdidaktisch sinnvollen Einsatz von digitalen Me-

dien im Physikunterricht bei Lehramtsstudierenden fördert. Das für Graz und

Tübingen entwickelte Seminar ist dabei zweigeteilt: In einer theoretischen Phase

werden die Grundlagen des Einsatzes digitaler Medien inkl. entsprechender em-

pirischer Befunde erarbeitet, während Studierende in der anschließenden prak-

tischen Phase den Einsatz digitaler Medien im Rahmen exemplarischer Unter-

richtssequenzen planen, umsetzen und re�ektieren. Nach der Entwicklung des

Seminars auf Basis von Literaturrecherche und Bedarfserhebung mit Studieren-

den wurde dieses im Sommersemester 2021 pilotiert. Dabei wurden der Kompe-

tenzzuwachs der Studierenden und qualitative Rückmeldungen zu einzelnen Se-

minarsitzungen erhoben. Zudem werden aktuell retrospektive leitfadengestütz-

te Interviews mit den Studierenden sowie Expertenbefragungen durchgeführt,

um das Seminar zu optimieren. Im Vortrag werden das bisherige Seminarkon-

zept sowie die aus der Pilotierung und den Interviews gewonnenen Erkenntnisse

vorgestellt und ein Ausblick auf das Re-Design gegeben.

DD 49.2 Wed 12:20 DD-H11
DiKoLeP: Digitale Kompetenzen von Lehramtsstudierenden im Fach Physik
— ∙Thomas Schubatzky1, Jan-Philipp Burde2, Rike Grosse-Heilmann3

,

Josef Riese
3
und David Weiler

2
—

1
Universität Graz, Graz, Österreich —

2
Universität Tübingen, Tübingen, Deutschland —

3
RWTH Aachen, Aachen,

Deutschland
Digitale Medien spielen eine immer größer werdende Rolle im physikalischen

Fachunterricht. Für eine lernförderliche Integration digitaler Medien braucht es

aber dahingehend professionalisierte Lehrkrä�e. Fachspezi�sche digitale Kom-

petenzen sollten dementsprechend auch in der fachdidaktischen Lehrerbildung

gezielt adressiert werden. Im Verbundprojekt DiKoLeP der RWTH Aachen, der

Universität Graz und der Universität Tübingen wird daher ein übergeordnetes

Lehrkonzept mit standortspezi�schen Ausprägungen entwickelt, implementiert

und evaluiert. Durch dieses Lehrkonzept sollen fachspezi�sche, digitale Kompe-

tenzen von Lehramtsstudierenden der Physik gefördert werden. Die Evaluation

erfolgt einerseits im Hinblick auf den Erwerb physikdidaktischen Wissens zum

Einsatz digitaler Medien im Physikunterricht, wozu ein entsprechender Leis-

tungstest entwickelt wurde. Darüber hinaus werden die Entwicklung der Mo-

tivation und Überzeugungen und die Rolle des physikdidaktischen Wissens für

die Entwicklung derMotivation zumEinsatz digitalerMedien untersucht. Insge-

samt sollen so Hypothesen für lernförderliche, standortunabhängig einsetzbare

Lerngelegenheiten in der Physik-Lehramtsausbildung abgeleitet werden. Vorge-

stellt werden die grundlegenden Ideen des Lehrkonzepts, das Studiendesign und

der entwickelte Test.

DD 49.3 Wed 12:40 DD-H11
Digitalisierung beginnt imKopf - Eine Akzeptanzstudie im Lehr-Lern-Labor
Physik — ∙Johannes Lhotzky und Klaus Wendt — Johannes Gutenberg-

Universität, Institut für Physik

Physiklehrer:innen sind technisch versiert, motiviert und nutzen dennoch di-

gitale Medien nur sehr eingeschränkt. Diverse Untersuchungen haben Ressen-

timents gegen den Medieneinsatz auch bei Physiklehrkrä�en konstatiert. Um

diesem Umstand zu begegnen, wurde an der JGU Mainz im Rahmen der vom

BMBF geförderten Qualitätso�ensive Lehrerbildung ein speziell ausgerichtetes

Lehr-Lern-Labor (LLL) entwickelt. Innerhalb dieser Lehrveranstaltungen wer-

den die Studierenden zu einer vertie�en Beschä�igung mit digitalen Medi-

en mit dem Fokus auf Physikunterrichtsspezi�ka geführt und zur praktischen

Auseinandersetzung mit diversen Medien von Calliope, Arduino zur program-

mierbaren Flugdrohne motiviert. Hierbei steht zudem die aktive Gestaltung

von Medien/Medieninhalten im Vordergrund, die über eine Anwendungen fer-

tiger Inhalte hinausgeht. Innerhalb des LLL entwickeln die Studierenden so-

wohl ”klassische” als auch ”digital-angereicherte” Experimentierumgebungen,

die an Schüler:innen praktisch erprobt werden. Mithilfe eines Mixed-Methode-

Ansatzes, bestehend aus Fragebogen und Gruppendiskussionen, wird in einem

Prä-Post-Design die Wirkung des Seminarbesuchs identi�ziert und evaluiert,

speziell hinsichtlich Akzeptanz und Relevanzemp�nden der Studierenden ge-

genüber dem Einsatz digitaler Medien im Physikunterricht. Im Vortrag wird das

LLL skizziert, Forschungsergebnisse präsentiert und Implikationen für die Aus-

und Weiterbildung abgeleitet.

DD 50: Praktika und neue Praktikumsversuche
Time: Wednesday 12:00–13:00 Location: DD-H12

DD 50.1 Wed 12:00 DD-H12
Experimente zur Förderung von Kompetenzen zur digitalen Messwerterfas-
sung — ∙Gregor Benz, Daniel Isele, Olga Walter und Tobias Ludwig

— Pädagogische Hochschule Karlsruhe, Institut für Physik und Technische Bil-

dung, Karlsruhe, Deutschland

Obwohl digitale Messwerterfassungssysteme (dMS) seit Jahrzehnten existie-

ren, werden entsprechende Systeme im Physikunterricht nur selten eingesetzt

(Wenzel & Wilhelm, 2017). Grund hierfür sind u.a. geringe Kompetenzen der

Physiklehrenden im Umgang mit dMS. Daher sollen im Rahmen des QLB-

Digitalprojekts InDiKo entsprechende Kompetenzen von Physiklehramtsstudie-

renden gefördert werden. Hierzu haben wir in Vorarbeiten zunächst 15 relevan-

te Kompetenzen identi�ziert (Benz et al., 2021). Vor diesem Hintergrund prä-

sentieren wir nun drei speziell entwickelte Experimentiersettings, die zum Ziel

haben, Kompetenzen zu a) der Funktionsweise von Sensoren, b) der Samplera-

te und c) der Au�ösung zu fördern. In einer Interventionsstudie mit pre-post-

Testdesign konnte anschließend Evidenz dafür gesammelt werden, dass entspre-

chende Kompetenzen zumUmgangmit dMS durch das Bearbeiten der Lernum-

gebungen erworben werden können (d=.51). Die entwickelten Experimentier-

settings können nun dazu verwendet werden, angehende Physiklehrkrä�e im

Umgang mit dMS zu schulen.

DD 50.2 Wed 12:20 DD-H12
Naturwissenscha�liche Denk- und Arbeitsweisen in (physikalischen) Prak-
tika— ∙Julia Ortmann1

, Andreas Vorholzer
2
und Nicole Graulich

3
—

1
Institut für Didaktik der Physik, JLUGießen—

2
Didaktik der Physik, TUMün-

chen —
3
Institut für Didaktik der Chemie, JLU Gießen

Im Physikstudium sollen Studierende neben Fachinhalten auch naturwissen-

scha�liche Denk- und Arbeitsweisen (NDAW; z. B. Planung von Experimen-

ten, Auswerten von Daten) erlernen. Zur Förderung von NDAW eignen sich

insbesondere die physikalischen Praktika, da Studierende dort in der Regel um-

fassende Gelegenheiten zum selbstständigen Experimentieren erhalten. Es stellt

sich jedoch die Frage, inwiefern NDAW in Praktika gezielt thematisiert werden

und welche Relevanz NDAW imVergleich zu anderen Lernzielen zugeschrieben

wird. Um dieser Frage nachzugehen, wurdenmit einemOnline-Fragebogen N =

86 Praktikumsbetreuende (davon 27 Physik) undN = 399 Studierende naturwis-

senscha�licher Studiengänge (davon 99 Physik) zu den Zielen von Praktika und

der Rolle von NDAW befragt. Die Ergebnisse zeigen u. a., dass NDAW aus Sicht

der Betreuenden eine große Rolle spielen, die Relevanz und die Maßnahmen

zur Förderung sich aber zwischen einzelner NDAW z. T. deutlich unterscheiden.

Aus Sicht der Betreuenden der Physik ist insbesondere das Auswerten und Re-

�ektieren von Daten von großer Relevanz. Zudem zeigt sich, dass die Rolle von

NDAW in Praktika von Lehrenden und Studierenden in der Physik sehr ähnlich

wahrgenommen wird. Diese und weiter Ergebnisse sollen im Vortrag diskutiert

werden.

DD 50.3 Wed 12:40 DD-H12
Experimentierpraktika: Lernangebote mit System oder System mit Lernan-
geboten?— ∙Cornelia Geller, Martin Dickmann und Heike Theyssen—

Universität Duisburg-Essen

Experimentierpraktika stellen in der universitären Ausbildung wesentliche Bau-

steine dar, die Physik-Studierende sowohl zu einer vertie�en Auseinanderset-

zung mit Fachinhalten anregen als auch praktisch-methodische Grundlagen wie

den Umgang mit Geräten oder Messunsicherheiten legen sollen. Sie bewegen

sich damit in dem Spannungsfeld, fachinhaltlichen Kompetenzerwerb mit an-

deren Lernwegen innerhalb der Praktika in Einklang zu bringen, die eine syste-

matische Entwicklung fachmethodischer Kompetenzen erlauben.

Da in der Lehramtsausbildung noch die fachdidaktische Perspektive hinzu-

kommt, sind für diese Herausforderungen standortspezi�sche Lösungen ent-

standen, die sich nicht einfach mit Blick auf die Kohärenz der fachinhaltlichen,

fachmethodischen und fachdidaktischen Lernangebote vergleichen lassen. Da-
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her soll im Vortrag eine Systematisierung von Praktikumskonzeptionen zur Dis-

kussion gestellt werden, in die wir verschiedene Praktika des Standorts Essen

einordnen. Vertie� werden soll die Diskussion am Beispiel eines Praktikums, in

dem wir die Strukturierung der Lernangebote der studentischenWahrnehmung

(Ergebnisse der Evaluation) gegenüberstellen.

DD 51: Workshop: Konsequenzen aus drei Jahren Studienreformforschung
Time: Wednesday 16:00–17:30 Location: DD-H8

Workshop DD 51.1 Wed 16:00 DD-H8
Konsequenzen aus 3 Jahren Studienreformforschung — ∙Stefan
Brackertz

1
, Amr El Miniawy

2
, Janette Gehlert

3
, Daniela Kern-

Michler
4
und Manuel Längle

5
—

1
Universität zu Köln —

2
HU Berlin —

3
Universität Göttingen —

4
Universität Frankfurt —

5
Universität Wien

Das Studienreform-Forum hat seit 2018 konkrete Studienreformen zusammen-

getragen und dokumentiert sowie vielerorts aufkommende Entwicklungsfragen

bildungsphilosophisch re�ektiert. In diesemWorkshop werden Erkenntnisse zu

bereits (breit) diskutierten Fragen vorgestellt, um daraus ein Zwischenfazit zu

ziehen. Ein Fokus soll darauf gelegt werden, Konsequenzen aus den Ergebnissen

zu ziehen. Dies betri einerseits die Studienreformarbeit vor Ort, andererseits

aber auch allgemeinere Empfehlungen für Akkreditierungsprozesse etc.

Geplante Kernthemen: - Entlinearisierung und Flexibilisierung von Stu-

diengängen; Scha�ung von (Wieder-)Einstiegsmöglichkeiten - Abscha�ung

von Klausurversuchsbeschränkungen - Systematische Feedbackschleifen als Be-

standteil der Lehre - Relevanz und Förderung informeller Kommunikation
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19th Symposium of the History of Physics Division
“Communicating Physics in History

Communicating Physics through its History”

Writing papers, gauging instruments, teaching at school or chatting over co�ee: these are just a few ways in
which physical knowledge is communicated, and many more exist today or have existed in the past. In the last
decades research in the history, sociology and didactics of the sciences has investigated the communication
of scienti�c knowledge, underscoring the relevance for the development of existing �elds, the emergence of
new ones and the shaping of scientists’ identities and communities.�ese re�ections also apply to the past and
present of the physical sciences and the contributions to the conference are invited to re�ect all aspects of this
diversity.
We understand here “communicating physics” in a broad sense, encompassing formal and informal commu-
nications among physicists, teaching at university and school level and public outreach. Beyond that, it also
includes the transfer, appropriation and assimilation of knowledge between di�erent cultures, such as interdis-
ciplinary cooperation between physicists and scientists fromother disciplines or knowledge transfer in colonial
contexts or within processes of globalization.
Furthermore we want to address also another perspective of communication in physics: Communicating
Physics through its History. We want to ask how the history of physics is used in the communication of physics
today: �e communication of physics through its history in formal education as well as through mass media,
museums, archives and at public sites.

Overview of Invited Talks and Sessions
(Lecture hall GP-H7)

Plenary Talk by Allison Marsh

PV IV Wed 9:00– 9:45 Audimax Teaching with Objects and Teaching with Video: �e Challenges of Informal Educa-
tion in Physics— ∙AllisonMarsh

Invited Talks
GP 1.1 Mon 13:30–14:00 GP-H7 �e development of�e Lorentz Lab: bringing the scienti�c history of TeylersMuseum

to life with working replicas— ∙Trienke van der Spek
GP 1.2 Mon 14:00–14:30 GP-H7 Physics in Information Comics— ∙Heike Elisabeth Juengst
GP 1.3 Mon 14:30–15:00 GP-H7 Jenseits gewohnter Pfade: Ausstellungen neu denken— ∙Christian Sichau
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Invited Talks of the joint symposium The Nature of Science (SYNS)
See SYNS for the full program of the symposium.

SYNS 1.1 Tue 14:00–14:30 Audimax �e Role of Nature of Science Education for Science Media Literacy — ∙Dietmar
Höttecke

SYNS 1.2 Tue 14:30–15:00 Audimax What kinds of identities are deemed in/our of place in physics? — ∙Lucy Avraami-
dou

SYNS 1.3 Tue 15:00–15:30 Audimax Some thoughts on the status of theoretical physics— ∙DanielHarlow

Sessions
GP 1.1–1.3 Mon 13:30–15:00 GP-H7 Communicating Physics and its History (joint session GP/DD)
GP 2.1–2.3 Mon 15:30–16:30 GP-H7 History and Teaching
GP 3.1–3.2 Mon 17:00–17:40 GP-H7 Physics and Media
GP 4 Mon 18:00–19:00 GP-MV Meeting of Early Career Scholars
GP 5.1–5.5 Tue 10:30–12:30 GP-H7 Physics and the Museum
GP 6.1–6.3 Tue 16:15–17:15 GP-H7 Physicists as Popularisators
GP 7 Tue 17:45–19:45 GP-MV Annual General Meeting
GP 8.1–8.3 Wed 10:30–11:30 GP-H7 Physics and Instruments
GP 9.1–9.4 Wed 15:40–17:00 GP-H7 History of Physics
GP 10.1–10.1 Wed 18:00–18:20 GP-H7 Physics and Culture

Annual General Meeting of the History of Physics Division
Tuesday, March 22, 2022 17:45–19:45 GP-MV

Come Together for Early Career Scholars
Monday, March 21, 2022 18:00–19:00 GP-MV
Ansprechpartnerin: Julia Bloemer (j.bloemer@deutsches-museum.de)
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Sessions
– Invited and Contributed Talks –

GP 1: Communicating Physics and its History (joint session GP/DD)
Time: Monday 13:30–15:00 Location: GP-H7

Invited Talk GP 1.1 Mon 13:30 GP-H7
�e development of�e Lorentz Lab: bringing the scienti�c history of Teylers
Museum to life with working replicas — ∙Trienke van der Spek — Teylers

Museum, Haarlem,�e Netherlands

In 2017 Teylers Museum opened�e Lorentz Lab, a new extension to the per-

manent presentation of the museum. �e Lorentz Lab is speci�cally dedicated

to revive the institute’s scienti�c past as a research institute and laboratory. �e

scienti�c instrument collection has long been a silent witness of this past, as are

the old laboratory buildings. �e Lorentz Lab brings the unique origins of this

heritage into life in a carefully recreated historical setting of Teylers’ Physics Lab-

oratory.

Here working replica’s, theatrical support and a tailor made educational pro-

gram allow di�erent groups of visitors to participate in science directly and en-

gage with the activities and scientists that shaped Teylers Museum and its col-

lections.�e program�e Lorentz Formula is dedicated to the general museum

visitor, and Einstein was here is a high-level physics program, designed to pro-

voke questions that �t in with educational requirements and with links to the

school curriculum.

�is lecture will discuss the development of the Lorentz Lab and the central

role of working replicas therein. It will address its challenges, original goals,

experiences and insights - both from the general public and the educational pro-

grams’ point of view.

Invited Talk GP 1.2 Mon 14:00 GP-H7
Physics in Information Comics — ∙Heike Elisabeth Juengst — FHWS

Würzburg

Information comics are comics designed primarily for knowledge transfer.�ey

can be funny or serious, long or short, and can be found all over the world. And,

of course, they can cover any topic.

However, information comics about physics are not very common. ”�e

Physics of Superheroes” by Kakalios is justly popular but does not deal with in-

formation comics at all. Chemistry, on the other hand, is a popular topic for

information comics.

�e reason for this imbalance is a mystery and cannot be solved in this pre-

sentation. Information comics presenting topics from physics will be shown and

the audience will be encouraged to produce their own information comics for

teaching purposes (and for fun).

Invited Talk GP 1.3 Mon 14:30 GP-H7
Jenseits gewohnter Pfade: Ausstellungen neu denken— ∙Christian Sichau
— experimenta gGmbH, Heilbronn

Lange Zeit galten Science Center als Ausstellungsorte, in denen über die Dar-

stellung natürlicher Phänomene Begeisterung für Naturwissenscha� und Tech-

nik geweckt werden sollte. Obwohl hinsichtlich der Besucherzahlen recht er-

folgreich, wurde ihr Ansatz immer wieder als unzureichend kritisiert. Science

Center würden kein adäquates Verständnis der Natur der Naturwissenscha�en

vermitteln, ihnen mangele es an kritischer Re�ektion und an einer ernstha�er

Auseinandersetzung mit derWissenscha� und ihrer Geschichte. Bei dieser gele-

gentlich scharf und polemisch vorgetragenen Kritik wird häu�g übersehen, dass

es seit vielen Jahren und auf internationaler Ebene zahlreiche neue Ansätze gibt.

So wird immer mehr und intensiver in der Science Center-Szene diskutiert, wie

das ö�entliche Verständnis für und über Wissenscha� vermittelt und gestärkt

werden kann. Hierbei kann gerade die Stärke der Science Center - das Erreichen

einer sehr breiten Ö�entlichkeit mit niedrigschwelligen Angeboten - ein wichti-

ger Pluspunkt werden. Am Beispiel der experimenta soll aufgezeigt werden, dass

hier neue - und vielleicht sehr wirksame - Narrative entstehen können.

GP 2: History and Teaching
Time: Monday 15:30–16:30 Location: GP-H7

GP 2.1 Mon 15:30 GP-H7
Transformations: On the relation between research experiments and teach-
ing demonstrations— ∙Peter Heering— Europa-Universität Flensburg
Some experiments from the history of physics were so relevant that they were not

only included in textbooks, but also found their way into (university) physics ed-

ucation as teaching demonstrations.�e instruments developed for this purpose

can be found in a number of museum collections, whereby frequently hardly

any di�erentiation is made between teaching devices and research instruments.

However, a somewhat closer analysis of the instruments and the practice associ-

ated with them makes it clear that signi�cant di�erences can be found here. In

the context of this paper, I am going to discuss some aspects of such demonstra-

tion devices that prove relevant precisely in distinguishing them from the corre-

sponding experimental instruments and the practices associated with them.

GP 2.2 Mon 15:50 GP-H7
Bringing some light into the dark and some darkness into light: Young’s
double-slit experiment (1807)— ∙Michelle Mercier— Europa-Universität

Flensburg

In 1807,�omas Young published the description of an experiment that is nowa-

days canonized as Young’s double-slit experiment. Today, the basic principle of

the experiment is well-known, however, the experiment performed by Young is

not. And if one goes back to the initial description, his text is di�cult to under-

stand and leaves several questions unanswered both in respect to the details of

the apparatus he used and the exact observations in his experiment.

As part of my PhD project, Young’s double-slit experiment is analyzed by us-

ing the replication method. In this talk, I will describe the experiences made

(experimentally) and focus in particular on the di�culties in observing as well

as documenting and communicating what is seen. �e meaning of the experi-

ences made for the understanding of Young’s description of the experiment will

be discussed in conclusion.

GP 2.3 Mon 16:10 GP-H7
Garavito s work in Colombia on the theory of light aberration: some didac-
tic re�ections for the teaching of physics— ∙Lisbeth Alvarado-Guzman1,2

,

IsabelMalaquias
2
, and RobertoNardi

1
—

1
São Paulo State University (Un-

esp), School of Sciences, Bauru, Brazil —
2
University of Aveiro (UA), Dep.

Physics, CIDTFF, Aveiro, Portugal

�is article aims to recognize some elements about the scienti�c research devel-

oped in Colombia at the beginning of the 20th century and the communication

with the international scienti�c community of the time. Julio Garavito Armero

s (1865-1920) original article on the theory of light aberration (1912) is taken

as a paradigmatic example and with didactic interest. He was the �rst professor

of mathematics (Arboleda, 2021), graduated as an engineer, also director of the

Astronomical Observatory in Colombia (1893-1919). From the original article,

the problem Garavito addresses was the one proposed by the astronomer David

Gill (1843-1914) in 1896: if onemay consider as exact the generally accepted the-

ory of aberration. Garavito concluded that the annual aberration constant was

correct and considered incorrect Huygens interpretation of the superposition

of waves e�ect, using the analogy of water waves (Lleras, 1915). To conclude,

the problem addressed by Garavito can have a special interest in the teaching

of Physics and Astronomy context from: 1) the analysis of the phenomenon of

aberration of light as an argument in favor of Earth s motion; 2) questions on

the nature of science connected with the communication by and between re-

searchers.
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GP 3: Physics and Media
Time: Monday 17:00–17:40 Location: GP-H7

GP 3.1 Mon 17:00 GP-H7
From the Preprint Information Exchange to ”Computopia:” the development
of preprint culture in High Energy Physics — ∙Arianna Borrelli — Le-

uphana University Lueneburg, Universitaetsallee 1, 21335 Lueneburg

�e term ”preprint” has recently become known also among the general pub-

lic as indicating research papers which are circulated in digital form, but have

not (yet) gone through the peer review process. In particular, debates in the

biomedical sciences on whether and how far such results should play a role in

the management of the pandemics have found large resonance in the media. A

look back at the history of printed and digital preprints shows that such discus-

sions are not new and o�en found a di�erent outcome in the biomedical �eld,

where preprints were long discouraged if not forbidden, and in physics, where

preprints became an increasingly important means of academic communication

already in the late 20th century.

High-energy physicists were path-breaking in this development and it has

been suggested that they traditionally had a more open approach to the di�u-

sion of knowledge than life scientists. Is this really the case? I will o�er a brief

overview of the growth of preprint culture in physics from the 1960s and its even-

tual move to the digital sphere, which physicist David Mermin in 1991 hailed as

’”Computopia.” Comparing these developments with those in other academic

�elds, I will ask about the historical factors which may help explain the di�er-

ences and similarities.

GP 3.2 Mon 17:20 GP-H7
Poggendor�s Briefe an seinen Verleger Barth: Eine neue Quelle zu den An-
nalen der Physik und Chemie— ∙Michael Barth—Nordstraße 7 31249 Ho-

henhameln
J.C.Poggendor� war von 1824 bis 1876 Herausgeber der Annalen der Physik und

Chemie, der mit Abstand bedeutendsten Fachpublikation im 19. Jahrhundert im

deutschen Sprachraum. Die 147 Briefe, die er im Zeitraum von 1824 - 1859 an

J.A.Barth, Verleger der Annalen, schickte, wurden mir vor längerer Zeit überra-

schend zugänglich gemacht. Für den Zeitraum 1830 bis 1845 habe ich davon 51

Briefe transkribiert und in meiner Dissertation publiziert. Sie dienten mir vor

allem zur möglichst exakten Datierung der Annalen, um die Rezeption von Fa-

radays Arbeiten im deutschen Sprachraum genau zu verfolgen.

Diese bislang nach meinemWissen nicht publizierte Quelle hat aber noch er-

heblich mehr Potential. Sie liefert für mehrere Dekaden detaillierten Einblick in

den alltäglichen Ablauf von Poggendor�s Herausgebertätigkeit, den konkreten

Druck.- und Publikationsprozess, Finanzfragen, technische Probleme, Einschät-

zungen von Kollegen, Animositäten, privaten Erlebnissen, Reisen usw. usw., dies

auch für Poggendor�s bekanntes Biographisch-literarisches Handwörterbuch.

Alles Informationen, die interessant für die unterschiedlichste Nutzung in der

wissenscha�shistorischen Forschung sein können.

Im Vortrag werde ich diese Quelle vorstellen und ihr Potential diskutieren.

Dabei werde ich auch kurz auf sehr interessante Passagen der Korrespondenz

zwischen Poggendor� und Schönbein eingehen, die in den bisherigen Publika-

tionen fortgelassen wurden.

GP 4: Meeting of Early Career Scholars
Time: Monday 18:00–19:00 Location: GP-MV
Virtual Come Together

GP 5: Physics and the Museum
Time: Tuesday 10:30–12:30 Location: GP-H7

GP 5.1 Tue 10:30 GP-H7
Physik erleben durch ”Ein naturkundliches Spiel-System”. Hugo Kükelhaus
und die deutsche (Vor-)Geschichte des Science Centers— ∙Arne Schirrma-
cher—Humboldt-Universität zu Berlin
Mehr und mehr haben die Science Center die Vermittlung von Naturwissen-

scha�en und damit insbesondere von physikalischen Phänomenen übernom-

men, häu�g noch bevor Schule oder Museum dies tun. Während die Vermitt-

lung über historische Arefakte in Museen eine europäische Errungenscha� war

und etwa in Paris, München oder London Modellcharakter bekam, entstand die

heutige Form des Science Centers Ende der 1960er Jahre in Nordamerika. In

meinemVortragmöchte ichmitHugoKükelhaus einen unkonventionellen deut-

schenWeg zur Vermittlung von physikalischen Phänomenen vorstellen, die die-

ser seit einem Besuch im Deutschen Museum im Juli 1965 entwickelte und mit

Unterstützung von Otto Hahn und der Max-Planck-Gesellscha� realisierte, u.a.

für dieWeltausstellung 1967 inMontreal. Das Projekt eines “Phänodrom” schei-

terte indes. Lagen die Probleme bei der deutschen Entwicklung zu einem Science

Center in Kükelhaus’ Biographie oder in dem Wandel der deutschen Wissen-

scha�skultur?

GP 5.2 Tue 10:50 GP-H7
Von Fehlergrenzen und Straßenbahnen: Die Experimente von Alice Golsen
zum Strahlungsdruck des Lichts — ∙Johannes-Geert Hagmann — Deut-

sches Museum, München, Deutschland

Laserkühlung, Optischen Pinzetten, Sonnensegel: für eine Vielzahl von physika-

lischen Konzepten und Anwendungen kommt der durch die elektromagnetische

Strahlung vermittelte Druck zum Tragen. Die Geschichte der Entdeckung und

Messung des Strahlungsdrucks wird gelegentlich auf die Arbeiten von Pjotr Ni-

kolajewitsch Lebedew (1886-1912), Ernest FoxNichols (1869-1924) undGordon

Ferrie Hull (1870-1956) reduziert. Der vorliegende Beitrag ordnet die Arbeiten

der Physikerin Alice Golsen (1889-1940), die in Frankfurt gemeinsammitWalt-

her Gerlach (1889-1979) forschte, in diese Untersuchungen ein. Die damit ver-

bundene Rekonstruktion der Biogra�e Golsens ist Teil der Vorbereitungen zur

geplanten Ausstellung *Licht und Materie* im Deutschen Museum.

GP 5.3 Tue 11:10 GP-H7
Elsa Garmires kohärente Kunst: Eine interaktive Laserinstallation als di-
daktisches Ausstellungselement— ∙EckhardWallis—Deutsches Museum,
München, Deutschland

Das Ausstellungsprojekt „Licht und Materie“ am Deutschen Museum verfolgt

das Ziel, die Quantenphysik des Lichts auch Besucherinnen und Besuchern zu-

gänglich zu machen, die keine ausgeprägte A�nität zur Physik mitbringen. Ein

Beispiel für einen historischen Zugang zur�ematik sind die Arbeiten der La-

serpionierin Elsa Garmire (geb. 1939). Neben ihrer physikalischen Arbeit am

Caltech war Garmire ab den späten 1960er Jahren auch an den ersten experi-

mentellen Kunstprojekten mit Laserlicht beteiligt. Inspiriert von Garmires Pro-

jekten ist für die Ausstellung eine interaktive Laser-Installation geplant, die die

Besucherinnen und Besuchern zu physikalischen und historischen Erkundun-

gen einladen soll. In diesem Beitrag gehe ich der Frage nach, welche Lerne�ekte

wir durch die historische Perspektive erwarten.

Co�ee Break

GP 5.4 Tue 11:50 GP-H7
Label: Fallacy. Communicating Nature of Science in a Museum Exhibit —
∙Julia Bloemer—Deutsches Museum, Munich, Germany
Physics o�en seems to be incomprehensible and divorced from reality. High-

specialized instruments rarely help to bridge the gap in science communica-

tion. �e interferometer built by Georg Joos in 1930 is one example. It is a

person-high steal construct with four arms and a complex mirror construction

inside. Meant tomeasure the hypothetic aether and to answer the question about

a medium for light propagation, it is the end of a long line of di�erent inter-

ferometer experiments since the 1880s with larger and larger instruments. Fi-

nally, special relativity theory replaced any need for a luminiferous aether and

the hypothesis was abandoned. Why should anybody care about an old and gi-

gantic historical instrument connected with an outdated theory? In the past,

the Joos-interferometer served as a museum object to transport several di�erent

messages: to explain the theory of relativity and its history or to emphasize the

high-standard of the German optical industry in the 1930s. �is talk presents

a di�erent perspective. Especially instruments can tell stories about nature of

science aspects, about the way physicists ask and answer questions. In this case,
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which role does fallacy play? How can repetition stabilize knowledge? In times

of science skepticism, this is as important as never before.

GP 5.5 Tue 12:10 GP-H7
Mont Blanc, the laboratory of 18th century Geneva scientists— ∙Stéphane
Fischer—Musée d’histoire des sciences de Genève, 128, rue de Lausanne, 1202

Genève
At the end of the 18th century, through a combination of political, social and

cultural circumstances, Geneva became the scienti�c capital of the Alps. In less

than ��y years, several of the city’s scientists embarked on a scienti�c explo-

ration of the Savoyard Pre-Alps and the Mont Blanc Massif, 60 km away. �e

mountain became a veritable open-air laboratory where various measurements

were taken: altitude, air or water boiling temperatures, topographical surveys,

purity of the atmosphere, composition of the gases in the atmosphere at altitude,

etc.�is quest culminated in the summer of 1788 with the ascent of Mont Blanc

by the Genevan naturalist Horace-Bénédict de Saussure.

�e Museum of the History of Science is devoting its next temporary exhibi-

tion to this scienti�c epic.�e heart of this exhibition is made up of instruments

from the collections, in this case the instruments from the Saussure collection

kept at the Museum.�e exhibition is an ideal medium for tracing a storyline, a

narrative that allows the context in which these instruments were invented and

manufactured at the time. A great deal of attention is paid to the functioning of

these instruments. Alongside the old barometers, two modern replicas of mer-

cury barometers taken this summer to heights of more than 3000m for altitude

measurements will be presented. Various interactive experiments o�er visitors

the opportunity to learn the basics of barometric levelling, surveying and slope

inclination in a playful way.

GP 6: Physicists as Popularisators
Time: Tuesday 16:15–17:15 Location: GP-H7

GP 6.1 Tue 16:15 GP-H7
�e role of aesthetics in science communication: History and histories in
Werner Heisenberg’s popular writings — ∙Elena Schaa — Trinity College

Dublin, Dublin, Ireland

In 1969, Werner Heisenberg published his memoir Der Teil und das Ganze.

Gespräche im Umkreis der Atomphysik. Driven by the motivation to em-

power the lay audience to engage in the ”philosophical, ethical, and political

discussions” arising from modern physics, he sets out to share his recollections

of the development of modern physics.

Departing from a close examination of Heisenberg’s bestseller, the paper dis-

cusses how Heisenberg used history and historization to communicate physics

beyond the scienti�c community while taking on a double role as a spectator

and a narrator of the history of physics. �e paper analysis �rst, the di�erent

ways history becomes relevant Heisenberg’s narratives. Secondly, focusing on

the form of his popular writings, the paper highlights the interference of science

and religion, speci�cally the Romantic aesthetics of immediate experience of na-

ture and knowledge production. Ultimately, I situate Heisenberg’s communica-

tion of physics in the wider context of the German Bildungsbürgertum together

with the masculine ideal of academic authority within which his popularisation

of modern physics becomes e�ective.

GP 6.2 Tue 16:35 GP-H7
Writing History as a Way to Teach Physics: Edmund T. Whittaker’s two edi-
tions of the AHistory of the�eories of Ether and Electricity, 1910 and 1951-
3.— ∙Jaume Navarro—University of the Basque Country, Spain
At the end of his career as a physicist and mathematician, Edmund T. Whittaker

(1873-1956) decided to prepare a second, much enlarged version of his by then

classic 1910 book A History of the�eories of Ether and Electricity. While the

�rst edition had received nothing but praise, the second, two-volume edition had

mixed reviews, especially due to its treatment of Einstein’s role in the develop-

ment of special relativity. In a recent paper I have analysed the reasons behind

his moderate portrayal of Einstein in the history of twentieth century physics

(Navarro 2021). Yet, much has to be studied about the role both editions played

in the teaching of physics to generations of physicists, historians of physics and

physics a�cionados. In this paper I intend to track the implicit agendas of Whit-

taker in the two editions of his book and the ways they were received. I shall

argue that A History of the �eories of Ether and Electricity had an historio-

graphical vision on how to use history to teach the contents of physics, to shape

a discipline at a time of profound transformations and to portray physics as a col-

lective and non-teleological enterprise. �e highly unexplored correspondence

with his son, the also mathematician John Whittaker, helps us give this more

complex picture of the A History of the�eories of Ether and Electricity.

GP 6.3 Tue 16:55 GP-H7
Spacetime as popularised by Arthur S. Eddington — ∙Florian Laguens —
IPC-Facultés Libres, 70 avenue Denfert-Rochereau, 75014 Paris, France

Arthur S. Eddington (1882-1944) certainly was the world’s most famous as-

tronomer during the interwar period. For thirty years he was the director of

Cambridge Observatory and a Fellow of Trinity College. He also plunged into

philosophy while discovering Einstein*s general relativity in 1916. From then

on, he developed some personal thoughts about physics, its methods and its lim-

its. Along with widely acclaimed scienti�c treatises, Eddington published some

controversial books such as�e Nature of the Physical World (1928), Relativity

�eory of Protons and Electrons (1936) and�e Philosophy of Physical Science

(1939). In particular,�e Nature of the Physical World is still considered a mas-

terpiece regarding the popularisation of general relativity theory and quantum

mechanics. Indeed, spacetime is discussed at length in several chapters. �is

paper intends to highlight, thanks to key passages of Eddington’s works, his very

conception of popularisation. It then allows to exemplify its role in helping both

students and colleagues coping with the relativity major conceptual changes. Fi-

nally, Eddington’s attitude towards popularisation reveals is way of considering

the relationship between physics and mathematics. All in all, as he replies to

some critics, his aim is to ”convey exact thought in inexact language” (New Path-

ways in Science, 1935).

GP 7: Annual General Meeting
Time: Tuesday 17:45–19:45 Location: GP-MV
Annual General Meeting

GP 8: Physics and Instruments
Time: Wednesday 10:30–11:30 Location: GP-H7

GP 8.1 Wed 10:30 GP-H7
�e Communication of Object-Bound Knowledge in Networks of Lead-
Users — ∙Christian Forstner — Ernst-Haeckel-Haus, Friedrich_Schiller-

University, Jena, Germany

Research technologies circulate between di�erent �elds of society and are con-

tinuously adapted to new contexts in a process of dis- and re-embedding. But

how is the tacit knowledge that is tied to their practical use made explicit? Does

it reveal itself to the user? What strategies were taken by the instrument mak-

ers to make tacit knowledge accessible to the user? In my talk I will discuss a

historical example of communicating physical practices.�erefore I analyze the

optical measurement instruments of the Carl Zeiss Company, in particular ana-

lytical interferometers, to show how a network of lead users was created and how

practical knowledge circulated in this network.

GP 8.2 Wed 10:50 GP-H7
Analysis of Portable Quadrants from Di�erent Cultures — ∙Enes Tepe —
Europa-Universität Flensburg, Auf dem Campus 1, 24943 Flensburg

Portable quadrants (rubcal-dā

c

iras) are instruments that were used for purposes
such as astronomical observations, timekeeping, navigation, surveying, mar-

itime, ballistics, and mathematical calculations for more than a Millennium. In

a previous study (my MA thesis), the role of this class of instruments in clas-

sical astronomy was analyzed within the context of a comparison between the

Islamic World and the Western Europe. For this purpose, information of sur-

viving instruments that can be found through the online catalogues of museums

and auctions were examined. �erefore, it has been shown that the astronomi-

cal portable quadrant traditions in Mamluk, Maghreb, Iran, Ottoman Syria, Ot-

toman, Continental Europe, Italy and England can be distinguished and studied
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in detail. In my current project, two of the most well-established portable quad-

rants, one from the Islamic World and the other from the West, are chosen in

order to analyze the respective practice with the replication method. One of

them is a quadrant of almucantars (rubcal-muqant.arāt) for Damascus by Zayn
al-Dı̄n [Shams al-Dı̄n] Abū

c
Abd Allāh Muh. ammad ibn Ah.mad ibn

c
Abd al-

Rah. ı̄m al-Mizzı̄ (d. 1349). �e other one is a Sutton-type large quadrant by

Henricus Sutton Londini (d. 1665) for London. In this talk, the prominence of

these two instruments will be discussed and their general features of them will

be shared.

GP 8.3 Wed 11:10 GP-H7
Binocular or stereoscopic telemeters? Two countries, two concepts —
∙Andreas Junk— Europa-Universität Flensburg

�e development of range�nders in Europe towards the end of the 19th century

seems to have been a competition between the British company Barr&Stroud

and their German counterparts Carl Zeiss Jena. �ese companies used di�er-

ent approaches for their so-called telemeters whilst the instruments looked very

much alike.

Barr & Stroud preferred a binocular approach for a coincidence range�nder,

Zeiss in turn designed a stereoscopic range�nder. Whilst the preliminary test

results indicated, that the stereoscopic approach would produce better results,

Barr & Stroud insisted, that these results could only be produced by users, who

did not have certain physiological handicaps. In my paper, I want to line out

the (dis)advantages of the instruments as well as the respective motivation and

conditions for their construction.

GP 9: History of Physics
Time: Wednesday 15:40–17:00 Location: GP-H7

GP 9.1 Wed 15:40 GP-H7
M. I. Kaganow und die Elektronentheorie der Metalle— ∙Peter Bussemer1
und Vladimir Rzhevskij

2
—

1
Cooperative University Gera-Eisenach —

2
Lomonosov-University Moscow

Moisej I. Kaganow (1921-2019) war einer der letzten Repräsentanten der sowje-

tischen Schule der Festkörpertheorie, begründet in Charkow um 1930 von Lew

Landau und dort bis 1970 fortgeführt von Ilja M. Lifschitz (1917-1982), danach

in Moskau. Unter dessen Leitung war Kaganow wesentlich an modernen Ent-

wicklungen beteiligt: Quantenmechanik von Elektronen mit beliebigem Disper-

sionsgesetz, Topologie der Fermi-Flächen (Fermiologie) mit der Möglichkeit of-

fener Elektronenbahnen,Oszillationen thermodynamischerGrößen imMagnet-

feld, HF-Eigenscha�en-verö�entlicht in Deutsch 1975 in ”Elektronentheorie der

Metalle” mit Lifschitz und Asbel. Seine Untersuchungen zu den Lifschitzschen

topologischen Phasenübergängen 2 1/2-ter Ordnung sind ein früher Vorgri�

auf die aktuellen Anwendungen der Topologie bei Phasenübergängen. Kaganow

war ein brillanter Hochschullehrer: Von 1970-1994 bildete er an der Moskauer

Universität mehrere Studentengenerationen aus. Ebenso ein engagierterWissen-

scha�svermittler, verfasste er zahlreiche populäre Einführungen in die Quanten-

und Festkörperphysik mit Übersetzungen in Deutsch, Englisch und Polnisch.

Enge Kontakte p�egte er zur DDR und Polen: Dr.h.c. TU Wroclaw 1988. Nach

1994 lebte er als jüdischer Emigrant in den USA.

GP 9.2 Wed 16:00 GP-H7
John Herschel, not only an astronomer, in the footsteps of father and aunt—
∙Harald Gropp—VIGN,Heidelberg, Germany
150 years ago, on May 11, 1871 John Herschel died in Hawkhurst, Kent. He is

mainly known as an astronomer but also contributed tomathematics, chemistry,

philosophy of science and related �elds. Together with the astronomical couple,

his aunt Caroline (1750-1848) and his father William (1738-1822), John(1792-

1871) covers a period of more than 130 years of astronomical research. Caroline

is probably the least known of them. She not only assisted her male colleague

(brother) William, but was paid a salary for her work.

In this paper the cooperation of 3 astronomers will be discussed, between

William and Caroline directly, but also independently, between William and

John by John following in his father*s footsteps. Letters between John in Eng-

land (and South Africa) and his aunt Caroline back in Germany played a main

role in the last period. �ey were edited by John*s wife, *Mrs. John Herschel*

(1810- 1884) and tell interesting details about the *collective work*

GP 9.3 Wed 16:20 GP-H7
“Reducing physics to pure mathematics”: Johann I Bernoulli on Brook Tay-
lor’s taut string problem— ∙IuliaMihai—Ghent University (Belgium)

�e vibrating string problem is outstanding in the history of eighteenth-century

mathematical physics. �is paper focuses on the conception of the continuous

string that was dominant for three decades before the use of partial di�erential

equations at the end of the 1740s. Scholars have emphasized the novel mathe-

matical techniques in Johann I Bernoulli’s reappraisal (1732) of Brook Taylor’s

initial investigation (1713), but the standard view has it that the conception of the

string with which they work remains unchanged. By contrast, this paper argues

that how the string is conceived evolves due to the conceptual changes brought

about by Bernoulli’s scienti�c practice. Whereas Taylor approaches the string

(also) by drawing analogies with other mechanical objects on the basis of shared

(physical and geometrical) properties, Bernoulli steers clear of physical analo-

gies in investigating the string’s properties. Moreover, Bernoulli’s extensive use

of algebraic symbolism enables innovative notational interventions which result

in a more robust handling of both physical and geometrical quantities; this goes

beyond the fact that Bernoulli uses the di�erential calculus and Taylor the �ux-

ional calculus. Ultimately, it is Bernoulli’s methodology of “reducing physics to

pure mathematics” which is behind the evolving conception of the string.

GP 9.4 Wed 16:40 GP-H7
Black Hole Imaging and Framings of the Observer — ∙Emilie Skulberg —
Institute of Physics, University of Amsterdam

Based on the study of an extensive collection of visual representations of black

holes from 1970 to the present, I trace the history of visual and textual framings

of the observer in the context of black hole imaging. I argue that the framing

of the observer changed signi�cantly in this period. Some peer-reviewed papers

containing early visual representations of the immediate surroundings of black

holes had brief references to telescopic observation. More commonly, such im-

ages were framed as part of thought experiments of what an observer (appearing

in thought experiments as a hypothetical human being) would see or photo-

graph if equipped with a camera directed at a black hole.�e observer here be-

came a point of view in a visual sense as images showed what an observer ”saw”

or ”photographed”. Towards the new millennium, visualizations from simula-

tions began to form part of arguments that observing the shadow of a black hole

would in fact be possible. Rather than an observer with a camera in thought

experiments, visualizations showed how a speci�c celestial object believed to be

a black hole might look if observed from Earth using Very Long Baseline Inter-

ferometry.�is method, in which data from observations by multiple telescopes

placed far apart are combined, was what would later enable the Event Horizon

Telescope Collaboration to produce images such as the �rst observation of the

shadow of a black hole. At the same time, virtual reality now o�ers the immersive

and embodied experience of seemingly being an observer approaching a black

hole.

GP 10: Physics and Culture
Time: Wednesday 18:00–18:20 Location: GP-H7

GP 10.1 Wed 18:00 GP-H7
European and American Research Traditions in the 20th Century —
∙Alexander Unzicker— Pestalozzi-Gymnasium München
While the European research tradition, in the spirit of natural philosophy, was

focused on the fundamental laws of nature and pursued the question of ’what

holds the world together at its innermost folds’, in the US, a technologically ori-

ented culture dominated, with a desire to realize large, visionary projects, such

as the atomic bomb and landing on the moon. It is argued that this change in

scienti�c culture is still visible in contemporary physics.
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Working Group on Physics, Modern IT and Artificial Intelligence
Arbeitskreis Physik, moderne Informationstechnologie und Künstliche Intelligenz

(AKPIK)

Tim Ruhe
TU Dortmund

Otto Hahn-Straße 4a
44227 Dortmund

tim.ruhe@tu-dortmund.de

Overview of Invited Talks and Sessions
(Lecture hall AKPIK-H13)

Sessions
AKPIK 1.1–1.9 Mon 16:15–18:30 AKPIK-H13 Data Integration & Processing
AKPIK 2.1–2.9 Wed 16:15–18:30 AKPIK-H13 Data Analytics & Machine Learning
AKPIK 3 Wed 19:00–21:00 AKPIK-MV Mitgliederversammlung AKPIK
AKPIK 4.1–4.9 �u 16:15–18:30 AKPIK-H13 Deep Learning

Annual General Meeting of the Working Group on Physics, Modern IT and Artificial Intelligence
Wednesday 19:00–21:00 AKPIK-MV

1. Bericht des Vorstandes

2. Entlastung des aktuellen Vorstandes

3. Wahl des neuen Vorstandes

4. Die Zukun� in unserer Hand! (Anregungen und Wünsche)
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Sessions
– Talks –

AKPIK 1: Data Integration & Processing
Time: Monday 16:15–18:30 Location: AKPIK-H13

AKPIK 1.1 Mon 16:15 AKPIK-H13
�ePUNCH4NFDIConsortium in theNFDI - status, �rst results andoutlook
— ∙Thomas Schörner for the PUNCH4NFDI-Collaboration — Deutsches

Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Hamburg

With the ”Nationale Forschungsdateninfrastruktur” (NFDI, national research

data infrastructure), a massive e�ort is undertaken in Germany to provide a co-

herent research data management, to make research data sustainably utilisable

and to implement the FAIR data principles. PUNCH4NFDI is the consortium

of particle, astro- and astroparticle, as well as hadron and nuclear physics within

the NFDI. It aims for a FAIR future of the data management of its community

and at harnessing its massive experience not least in ”big data” and ”open data”

for the bene�t of ”PUNCH” sciences (Particles, Universe, NuClei and Hadrons)

as well as for physics in general and the entire NFDI. In this presentation, we

will introduce the work programme of PUNCH4NFDI, its connection to every-

day work in the physical sciences and beyond, and in particular the idea of digital

research products and the PUNCH science data platform.

AKPIK 1.2 Mon 16:30 AKPIK-H13
Community Initiative for aVHEOpenData Format— ∙MaximilianNöthe

1

and Lars Mohrmann
2
—

1
Astroparticle Physics WG Elsässer, TU Dortmund

University —
2
Max-Planck-Institut für Kernphysik, Heidelberg

�e operation of the next-generation gamma-ray telescopes as observatories, the

wish of currently operating instruments to archive and publish their data in an

accessible format, and enabling multi-instrument analyses are strong reasons for

developing an open, so�ware independent format for gamma-ray data.

A �rst attempt of a common speci�cation has been developed by members of

di�erent Imaging Atmospheric Cherenkov Telescopes (IACT) within the ”Data

formats for gamma-ray astronomy” initiative. �e current version de�nes for-

mats for high-level gamma-ray data, including event lists of candidate photons

and instrument response functions, serialized as FITS �les.

Open-source so�ware for gamma-ray analyses, including gammapy and

ctools, have recently developed support for this format and, as a result, a series

of publications relying on standardized datasets and so�ware have been issued.

Currently, an e�ort to formalize the endeavor is underway, creating a Coordi-

nation Committee formed from representatives of the participating instruments

to steer the future development of the speci�cation.

In this talk, current developments and future plans will be presented, includ-

ing the already implemented extension to ground-based wide-�eld experiments

and possible extension to other messengers.

AKPIK 1.3 Mon 16:45 AKPIK-H13
From sample management to work�ow integration: Semantic research data
management with CaosDB — ∙Daniel Hornung1, Florian Spreckelsen1

,

and Johannes Freitag
2
—

1
IndiScale Gmbh, Göttingen —

2
Alfred Wegener

Institute, Helmholtz Centre for Polar and Marine Research, Bremerhaven

Organizing data from a diversity of sources, from acquisition to publication, can

be a tough challenge. We present research data management implementations

using the �exible open-source toolkit CaosDB at the Alfred Wegener Institute.

CaosDB is used in a diversity of �elds such as turbulence physics, legal research,

animal behavior and glaciology. CaosDB links research data, makes it �ndable

and retrievable, and keeps data consistent, even if the data model changes.

In the presented example, CaosDB keeps track of ice core samples and to

whom samples are loaned for analyses. It made possible additional features such

as: A revision system to track all changes to the data and the sample state at

the time of analysis. Automated gathering of information for the publication

in FAIR-DO meta-data repositories, e.g. Pangaea. Tools for storing, displaying

and querying geospatial information and graphical summaries of all analyses

performed on each ice core. Automatic data extraction and re�nement into data

records in CaosDB tominimizemanual users interaction. A statemachinewhich

guarantees certain work�ows, simpli�es development and can be extended to

trigger additional actions upon transitions.

We demonstrate how CaosDB simpli�es semantic data in science and enables

advanced data processing and understanding.

AKPIK 1.4 Mon 17:00 AKPIK-H13
CaosDB – a scienti�c research data management toolkit — ∙Daniel
Hornung

1
, Florian Spreckelsen

1
, and Johannes Freitag

2
—

1
IndiScale

Gmbh, Göttingen—
2
AlfredWegener Institute, Helmholtz Centre for Polar and

Marine Research, Bremerhaven

Processing interconnected, multi-modal data poses a challenge in many �elds,

especially when the data model, i.e. the way how data is organized, changes

over time or when its structure is poorly documented. �e open-source so�-

ware CaosDB is a toolkit for research data management which was originally
developed at theMax Planck Institute for Dynamics and Self-Organization (Göt-

tingen) because existing so�ware could not ful�ll the needs of the scientists.

We present examples where CaosDB helped make data FAIR (Findable, Ac-

cessible, Interoperable, Retrievable) and how it can simplify the work�ows for

researchers: Automated data collection and integration, export to data reposito-

ries, API libraries for third-party programs, integrated revisioning and work�ow

state machines. If the data model needs to change, existing data can remain as-

is and future search queries will return matching results containing “old” and

“new” data. We demonstrate how raw and processed data, analysis settings and

results, and even labnotebooks and publications can be linked against each other,

to improve long-term usability of data and reproducibility of results.

AKPIK 1.5 Mon 17:15 AKPIK-H13
Data curation in astroparticle physics data centers on example of KCDC and
GRADLCI— ∙Victoria Tokareva1, Andreas Haungs1, DorisWochele

1
,

Jürgen Wochele
1
, Frank Polgart

1
, Alexander Kryukov

2
, Minh-Duc

Nguyen
2
, AndreyMikhailov

3
, and Alexey Shigarov

3
—

1
Karlsruhe Insti-

tute of Technology, IAP, 76021Karlsruhe, Germany—
2
Moscow StateUniversity,

SINP, Moscow 119991, Russia —
3
Matrosov Institute for System Dynamics and

Control�eory, Irkutsk 664033, Russia

�eKASCADECosmic RayDataCenter (KCDC), introduced in 2013, is amulti-

functional public data center for high-energy astroparticle physics. Its distinc-

tive features include use of open standards and technologies, providing mate-

rials and service both for professional scientists and a broad outreach audience

and furnishing open access to scienti�c data. �e GRADLCI (German-Russian

Astroparticle Data Life cycle Initiative), which spawned from KCDC in 2018,

proposed an alternative approach to metadata management and utilized the op-

timized models and algorithms for processing requests. Today, the work on

organizing �exible cross-collaboration data sharing is going on in various ar-

eas of science within the framework of the EOSC project and others, such as

PUNCH4NFDI. A big share of this work includes collection and analysis of the

data curation practices in order to reach a more abstract and complex under-

standing of the challenges of data curation committing into new advanced solu-

tions ready for further extension. In this report the use cases of the KCDC and

GRADLCI data centers will be considered.

AKPIK 1.6 Mon 17:30 AKPIK-H13
Optimizing Computer Vision for Radiosource Detection— ∙Janis Sowa and
Kevin Schmidt—Astroparticle Physics AGElsässer, TUDortmundUniversity,

Germany

Earthbound radio astronomy utilizes interferometric arrays to achieve the high-

est possible resolution by combining the measurements of multiple telescopes.

�e resolution then depends on the distance between telescopes as opposed

to the diameter of a single dish. Modern improvements in computing perfor-

mance and telescope design are allowing radio astronomers to collect increasing

amounts of data. In sky surveys, information about hundreds of thousands of

astronomical sources are obtained. On this scale, a manual analysis is a time-

consuming task. Deep Learning-based source detection thus naturally comes to

mind as a candidate for identifying these individual objects. In a previous work,

a Convolutional Neural Network architecture was shown to be faster but less ac-

curate in comparison to the state-of-the-art source detection tool PyBDSF, when

tested on simulated data.�is talk will showcase how the existing model can be

further improved and �ne-tuned for application on real data.

AKPIK 1.7 Mon 17:45 AKPIK-H13
Evaluation of deep learning accelerators for the usage in the cosmic ray sim-
ulation CORSIKA~8— ∙Dominik Baack and Jean-Marco Alameddine for

the CORSIKA 8-Collaboration— Astroparticle Physics, WG Elsässer, TU Dort-

mund University, D-44227 Dortmund, Germany

�e proliferation of neural networks has led to the acquisition of specialized

hardware to accelerate training and application at an increasing number of sci-

enti�c sites.

To take advantage of this growth, we investigated the extent towhich this hard-

ware can be used to accelerate the complex simulation of cosmic particle showers

and which parts of the simulation bene�t most.
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A number of examples based on CORSIKA~8 are presented to illustrate ad-

vantages, disadvantages, and limitations in the choice of methods. In particular,

thewidely usedNvidia accelerators that was used very successfully for ray tracing

of optical photons (e.g. Cherenkov light) will be discussed.

AKPIK 1.8 Mon 18:00 AKPIK-H13
Structured Sparsity for CNNs on Recon�gurable Hardware — ∙Hendrik
Borras, Günther Schindler, andHolger Fröning—Institute of Computer

Engineering; Heidelberg University; Heidelberg (Germany)

While Convolutional Neural Networks (CNNs) are gaining crucial importance

for various applications, including modern analysis and trigger systems, their

memory and compute requirements are increasing steadily and the requirements

of many CNNs impose serious challenges for achieving high inference through-

put and low latency on edge devices, situated close to an experiment. To im-

prove the performance of CNNs on such resource-constrained devices, model

compression through quantization and pruning has been proposed and evalu-

ated as a possible solution in the past. Field Programmable Gate Arrays (FP-

GAs) are a prime example of low-power devices and suitable for a pervasive

deployment. Here, FINN is one of the most widely used frameworks for de-

ploying highly quantized CNN models on edge devices. In this work, we ex-

tend FINN for pruning by introducing two methods for column pruning, en-

abling further compression of CNN-based models. �e two techniques vary in

their granularity and implementation complexity.�e coarse-grainmethod only

prunes blocks of columns, while the �ne-grained method is able to prune single

columns. Both approaches are then evaluated on the CIFAR10 image classi�ca-

tion task. We demonstrate signi�cant throughput improvements of on average

83% while keeping the accuracy degradation within reasonable bounds (4.2%)

at 50% sparsity.

AKPIK 1.9 Mon 18:15 AKPIK-H13
IEA-GAN: Intra-Event Aware GAN for the Fast Simulation of PXD Back-
ground at Belle II— ∙HoseinHashemi, NikolaiHartmann, ThomasKuhr,
and Martin Ritter — Faculty of Physics, Ludwig Maximilians University of

Munich, Germany

�e pixel vertex detector (PXD) is the newest and themost sensitive sub-detector

at the Belle~II. Data from the PXD and other sensors allow us to reconstruct

particle tracks and decay vertices. �e e�ect of background processes on track

reconstruction is simulated by adding measured or simulated background hit

patterns to the hits produced by simulated signal particles that originate from

the processes of interest.�is model requires a large set of statistically indepen-

dent PXD background noise samples to avoid a systematic bias of reconstructed

tracks. However, the �ne-grained PXD data requires a substantial amount of

storage. As an e�cient way of producing background information for fast simu-

lation, we introduce the idea of an on-demand PXD background generator with

Intra-Event Aware GAN (IEA-GAN), conditioned over the number of PXD sen-

sors in order to produce sensor-dependent PXD images by approximating the

concept of an ”event” in the detector as these PXD images share both semantic

and statistical features that makes it extremely hard for even the State of the Art

GANs to mimic these exact properties. As a result, we developed the IEA-GAN

model which captures these dependencies by imposing relational inductive bias

over the batch dimension.

AKPIK 2: Data Analytics & Machine Learning
Time: Wednesday 16:15–18:30 Location: AKPIK-H13

AKPIK 2.1 Wed 16:15 AKPIK-H13
Interpolationof InstrumentResponse Functions for theCherenkovTelescope
Array— ∙RuneMichaelDominik andMaximilianNöthe for the CTACon-

sortium — Astroparticle Physics WG Elsässer, TU Dortmund University, Ger-

many

In very-high-energy gamma-ray astronomy, the Instrument Response Function

(IRF) relates the observed and reconstructed properties to the original properties

of the primary particles.�e IRFs are usually factored intomultiple components,

namely the E�ective Area, the Energy Dispersion and the Point Spread Function

that are needed for the proper reconstruction of spectral and spacial informa-

tion.�ese quantities are derived fromMonte Carlo Simulations but depend on

observation conditions like telescope pointing direction or atmospheric trans-

parency. Producing a complete IRF for every observation taken is a time con-

suming task and not feasible on the short timescales needed to release e.g. an

alert for a transient event. In consequence, IRFs are typically produced at �xed

combinations of observation conditions. To derive the optimal IRFs for a given

observation, interpolation techniques are investigated.�is talk will summarize

interpolation strategies that are being tested for the Cherenkov Telescope Array

IRFs.

AKPIK 2.2 Wed 16:30 AKPIK-H13
Investigating the Potential Application of Neural Networks for Data Denois-
ing at the Einstein Telescope — ∙David Bertram, Markus Bachlechner,

and Achim Stahl— III. Physikalisches Institut B, RWTH Aachen

�e Einstein Telescope is a proposed third-generation gravitational wave detec-

tor aiming to improve the sensitivity over the whole frequency band compared to

the previous generation. For this purpose solely hardware improvements could

turn out to be insu�cient and novel data processing techniques are crucial. A

promising idea for the latter is the implementation of neural networks that can

operate on potential irregularly structured additional inputs like seismic sensors.

�is talk investigates the potential of such techniques in terms of data denoising.

AKPIK 2.3 Wed 16:45 AKPIK-H13
Anomaly detection for Belle II PXD cluster data — ∙Stephanie Käs, Jens
Sören Lange, Johannes Bilk, and Timo Schellhaas — Justus-Liebig-

Universität Gießen
�e Belle II pixeldetector (PXD) has a trigger rate of up to 30 kHz for 8 M pix-

els. Highly ionizing particles such as antideuterons, pions with small transverse

momenta <100 MeV (”slow pions”), magnetic monopoles or stable tetraquarks

generate characteristic clusters in the PXD. A large fraction of those does not

reach outer detectors and therefore does not generate reconstructable tracks.

We study their identi�cation based exclusively on the PXD data, by means of

anomaly detection algorithms. In this presentation, we show results frommulti-

variate statistics analysis and tree-based multiclassi�ers. In a �rst step, principal

component analysis, linear discriminant analysis, t-distributed stochastic neigh-

bor embedding and random forests are used for each anomaly to investigate the

separability of signal and background. In a second step, a multiclassi�er system

shall be used.�e design and output of this approach will be presented, includ-

ing results on accuracy and sensitivity as well as a comparison to other methods

such as Convolutional Neural Networks and Support Vector Machines.

AKPIK 2.4 Wed 17:00 AKPIK-H13
Fast simulation of the HGCAL using generative models — soham

bhattacharya
1
, samuel bein

2
, engin eren

1
, frank gaede

1
, gregor

kasieczka
2
, ∙william korcari

2
, dirk kruecker

1
, peter mckeown

1
, and

moritz scham
1
—

1
DESY —

2
Universität Hamburg

Accurate simulation of the interaction of particles with the detector materials

is of utmost importance for the success of modern particle physics. So�ware

libraries like GEANT4 are tools that already allow the modeling of physical pro-

cesses inside detectors with high precision. �e downside of this method is its

computational cost in terms of time. Recent developments in generativemachine

learning models seem to provide a promising alternative for faster and accurate

simulations to accelerate this process. For the challenges of the High Luminosity

phase of the LHC, CMS will deploy the High Granularity Calorimeter (HGCal),

an imaging calorimeter for the endcap region with a high cell density, and irreg-

ular geometry. In this talk, we will show the taken steps in the development of

a GraphGAN for the simulation of particle showers in the HGCal and the �rst

achieved results.

AKPIK 2.5 Wed 17:15 AKPIK-H13
Ephemeral Learning - Augmenting Triggers with online-trained normalizing
�ows — ∙Sascha Diefenbacher — Institut für Experimentalphysik, Univer-
sität Hamburg, Germany

�e high collision rates at the Large Hadron Collider (LHC) make it impossible

to store every single observed interaction. For this reason, only a small sub-

set that passes so-called triggers – which select potentially interesting events –

are saved while the remainder is discarded. �is makes it di�cult to perform

searches in regions that are usually ignored by trigger setups, for example at low

energies. However a su�ciently e�cient data compression method could help

these searches by storing information about more events than can be saved of-

�ine. We investigate the use of a generative machine learning model (speci�cally

a normalizing �ow) for the purpose of this compression. �e model is trained

to learn the underlying data structure of collisions events in an online setting,

meaning we can never have a repeated look at past data. A�er the training the

underlying distribution encoded into the network parameters can be analyzed

and, for example, probed for anomalies. We initially demonstrate this method

for a simple bump hunt, showing that the online trained �ow model can recover

sensitivity compared to a classical trigger setup. We then extend this demonstra-

tion to more complex examples using the LHC Olympics Anomaly Detection

Challenge dataset.
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AKPIK 2.6 Wed 17:30 AKPIK-H13
Simulation of High-Granularity Calorimeter Showers for the ILDUsingNor-
malizing Flows — ∙Imahn Shekhzadeh — Universität Hamburg, Hamburg,
Deutschland
�e large computational cost of Monte Carlo simulations together with recent

advances in deep learning motivate using deep generative models to speed up

simulations. �is talk explores the use of normalizing �ows (NFs) for high-

granularity calorimeter simulations, such as the ones planned for the Interna-

tional Large Detector (ILD). We show that NFs are able to generate high-�delity

showers of simulated photons in the electromagnetic calorimeter of the ILD.

Strictly monotonic rational quadratic spline �ows are used to enhance the �-

delity in comparison to the generally used a�ne-linear transformations. Finally,

we compare the generative performance of the NFs to other state-of-the-art gen-

erative network architectures

AKPIK 2.7 Wed 17:45 AKPIK-H13
Identifying Slow Pions using Support Vector Machines — ∙Timo
Schellhaas

1
, Jens Sören Lange

2
, and Stephanie Käs

3
—

1
II. Physikalis-

ches Institut, JLU Gießen, Germany —
2
II. Physikalisches Institut, JLU Gießen,

Germany —
3
II. Physikalisches Institut, JLU Gießen, Germany

Finding new physics beyond the standard model is of highest interest. Pions

with a low transversal momentum (slow pions) are linked to interesting decay

scenarios and are therefore studied at the Belle II experiment. However, it is

di�cult to detect slow pions due to their low momenta: a large amount of them

does only reach the Belle II pixeldetector (PXD), but not the outer detectors (e.g.

the dri� chamber). In order to improve the detection rate it is suggested to use

a machine learning model. One possible model is the support vector machine

(SVM) algorithm.�erefore a simulated data set is used to train the SVMmodel

with di�erent parameters, including a modi�ed kernel, with the goal of reaching

better results than other models.

AKPIK 2.8 Wed 18:00 AKPIK-H13
Deep Learning Accelerated Maximum Likelihood Reconstruction of IACT
Events — ∙Noah Biederbeck and Maximilian Nöthe for the CTA Con-

sortium—Astroparticle Physics WG Elsässer, TU Dortmund University, Ger-

many

�e Cherenkov Telescope Array will be the next generation ground-based

gamma-ray observatory, consisting of tens of Imaging Atmospheric Cherenkov

Telescopes (IACTs) at two sites once its construction is �nished.

In this talk we present a deep learning accelerated maximum likelihood re-

construction of gamma-ray events. A generative neural network predicts IACT

camera images from a set of physical event parameters.�ese generated images

are then compared to Monte Carlo simulated event images using a Poissonian

likelihood loss in order to reconstruct the event properties, e.g. the energy of the

primary particle and its direction.

First results on simulated single-telescope events will be presented and exten-

sions to predictions of array events will be outlined.

AKPIK 2.9 Wed 18:15 AKPIK-H13
Adding Errors to the Quantum Circuit Model — ∙Tom Weber

1
, Matthias

Riebisch
1
, Kerstin Borras

2,4
, Karl Jansen

3
, and Dirk Krücker

2

—
1
Universität Hamburg, Hamburg, Germany —

2
Deutsches Elektronen-

Synchrotron DESY, Hamburg, Germany—
3
Deutsches Elektronen-Synchrotron

DESY, Zeuthen, Germany —
4
RWTH Aachen University, Aachen, Germany

�e full potential of quantum computers cannot yet be realised because existing

quantum hardware is still error-prone. It is essential to understand the impact

of these errors on calculations to counteract them with methods like quantum

error mitigation. Models can provide this understanding of the complexity of

quantum noise. In addition, they can be a tool for communication between dif-

ferent quantum computing stakeholders who do not necessarily have an educa-

tion in physics. While the quantum circuit model is commonly used to model

gate-based quantum computation, errors are modelled mathematically by quan-

tum operations on density operators. However, the quantum circuit model is

restricted to the description of error-free processes. On the other hand, math-

ematical models are di�cult to understand without a background in theoreti-

cal physics. �erefore, we present a way to couple both models, combining the

comprehensibility of the quantum circuit model with the mathematical models’

ability to represent quantum noise accurately.

AKPIK 3: Mitgliederversammlung AKPIK
Time: Wednesday 19:00–21:00 Location: AKPIK-MV
AKPIKMitgliederversammlung.

AKPIK 4: Deep Learning
Time:�ursday 16:15–18:30 Location: AKPIK-H13

AKPIK 4.1 �u 16:15 AKPIK-H13
Using Graph Neural Networks for improving Cosmic-Ray Composition
Analysis at IceCube Observatory — ∙Paras Koundal for the IceCube-
Collaboration — Institute for Astroparticle Physics, KIT Karlsruhe, Germany

Graph Neural Networks (GNNs) is one of the most emerging and promising

research topics in the �eld of deep-learning. Described using nodes and edges,

graphs allow us to e�ciently represent relational data and learn hidden represen-

tations of input data to obtain better model-prediction accuracy.�e success of

GNNs ismainly attributed to their unique ability to represent complex input data

in its most natural representation. GNNs have hence accelerated and extended

the pattern learning, inference drawing of standard deep-learning architectures.

�is has also made it possible for faster and more precise analysis in astroparti-

cle physics, enabling new insights from massive volumes of input data. IceCube

Neutrino Observatory, a multi-component detector concealed deep under the

South Pole ice provides a suitable test-case to implement such methods.

�e talk will discuss the GNN-based methods for improving cosmic-ray com-

position understanding in the transition region from Galactic to extragalactic

sources, at IceCube Observatory. �e implementation bene�ts by using full

signal-footprint information, in addition to reconstructed cosmic-ray air shower

parameters. �e talk will also explain improvement to individual GNN based

model by ensemblemethods.�e implementation will reduce the time and com-

puting cost for performing cosmic-ray composition analysis while boosting sen-

sitivity.

AKPIK 4.2 �u 16:30 AKPIK-H13
Amplifying Calorimeter Simulations with Deep Neural Networks —
∙Sebastian Guido Bieringer1, Anja Butter2, Sascha Diefenbacher1, En-
gin Eren

3
, Frank Gaede

3
, Daniel Hundshausen

1
, Gregor Kasieczka

1
,

Benjamin Nachman
4
, Tilman Plehn

2
, and Mathias Trabs

5
—

1
Institut

für Experimentalphysik, Universität Hamburg, Germany —
2
Institut für �e-

oretische Physik, Universität Heidelberg, Germany —
3
Deutsches Elektronen-

Synchrotron, Hamburg, Germany —
4
Physics Division, Lawrence Berkeley Na-

tional Laboratory, Berkeley, CA, USA —
5
Fachbereich Mathematik, Universität

Hamburg, Germany

Speeding up detector simulation over the computationally expensive Monte

Carlo tools is a key e�ort for upcoming studies at the LHC and future colliders.

Machine-learned generative surrogate models show great potential to accelerate

such and other simulations. However, estimating the relation between the statis-

tics of the training data and the generated distribution of the model is essential

to determine the gains and use-cases of these methods.

We present a detailed study of this relation for the concrete physics example

of photon showers in a highly granular calorimeter. For established metrics on

calorimeter images, the ampli�cation properties of aVAE-GANmodel are exam-

ined in terms of an approximation to the Jenson-Shannon-divergence between

generated data, training data and a high-statistics batch.

AKPIK 4.3 �u 16:45 AKPIK-H13
Deep Learning-based Imaging in Radio Interferometry— ∙Felix Geyer and
Kevin Schmidt—Astroparticle Physics AGElsässer, TUDortmundUniversity,

Germany

Radio interferometry is used to monitor and observe distant astronomical

sources and objects with high resolution. Especially Very Long Baseline In-

terferometry allows achieving the highest resolutions by combining the data of

multiple telescopes. �is results in an e�ective diameter corresponding to the

greatest distance between two telescopes. �e taken data consists of visibilities,

which depend on the baselines between the telescopes. Because the distribution

of these baselines is sparse, the sample of visibilities is incomplete. A�er trans-

forming this sample to spatial space, this so-called "dirty image" is inadequate
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for physical analyses.�us, the image undergoes an elongated and mostly man-

ually performed cleaning process in order to remove background artifacts and to

restore the original source distribution. We developed a new and fast approach

to reconstruct missing data reasonably using Neural Networks. �is talk will

present the current state of the radionets framework and an outlook on up-

coming projects. One focus will be on the simulation improvements using the

RIME formalism.

AKPIK 4.4 �u 17:00 AKPIK-H13
Binary Black Hole Parameter Reconstruction using Deep Neural Networks
— ∙Markus Bachlechner, David Bertram, and Achim Stahl — III.

Physikalisches Institut B, RWTH Aachen

�e proposed Einstein Telescope, as the �rst of the third generation of gravita-

tional wave detectors, is expected to be an order of magnitude more sensitive

compared to current interferometers like LIGO or Virgo. On the one hand the

higher sensitivity increases the observable volume. On other hand the frequency

range is broadened, which in return bares the potential to extend the observable

time of binary coalescences from seconds to hours.�ese long observable times

make it possible to send multi-messenger alerts before the end of the coales-

cences. For this it is essential to apply a fast real-time analysis handling event

detection, classi�cation, and reconstruction. In this talk an approach for the

parameter reconstruction of binary black holes using deep neural networks is

presented.

AKPIK 4.5 �u 17:15 AKPIK-H13
ARecurrent Neural Network for Radio Imaging— ∙Stefan Fröse and Kevin
Schmidt—Astroparticle Physics WG Elsässer, TU Dortmund University, Ger-

many

In radio astronomy, an array of correlated antennas, called a radio interferom-

eter, is used to produce high-resolution images of the sky. �e measurements

take place in the complex Fourier space due to the pairwise correlation of an-

tennas. �erefore, the amount of information to receive from such an array is

restricted by the number of antennas. �e resulting spatial dirty map of these

measurements will be cleaned using a Neural Network.�e architecture for this

network is based on a Recurrent Neural Network (RNN). RNNs can be used to

extract information from sequential data, like text or speech. In the context of

inverse problems the RNN can be derived directly from amaximum a posteriori
approach. Furthermore the iterative behaviour of the network can be exploited

to construct a CLEAN-like network to reconstruct a map of the sky. �is results

in the so-called RIM architecture published by Patrick Putzky & Max Welling

(arxiv:1706.04008). �e Neural Network is able to clean given dirty maps for

simulated radio images and also shows convergence for the EHT dataset of M87.

AKPIK 4.6 �u 17:30 AKPIK-H13
Measurement of the Mass Composition using the Surface Detector of the
Pierre Auger Observatory and Deep Learning—Martin Erdmann, ∙Jonas
Glombitza, and Niklas Langner for the Pierre Auger-Collaboration — III.

Physics Institute A, RWTH Aachen

Measuring the mass composition of ultra-high energy cosmic rays (UHECRs)

constitutes one of the biggest challenges in astroparticle physics. Nowadays, the

most precise measurements can be obtained from measurements of the depth

of maximum of air showers, Xmax, with the use of Fluorescence Detectors (FD),
which can be operated only during clear and moonless nights.

With the advent of deep learning, it is now possible for the �rst time to per-

form an event-by-event reconstruction of Xmax using the Surface Detector (SD)
of the Pierre Auger Observatory.�erefore, previously recorded data can be an-

alyzed for information on Xmax, and thus the cosmic-ray composition. Since the
SD features a duty cycle of nearly 100%, the gain in statistics is a factor of 15 for

energies above 10
19.5
eV compared to the FD.

�is contribution introduces the neural network speci�cally designed for the

SD of the Pierre Auger Observatory. We evaluate its performance using three

di�erent hadronic interaction models and verify its functionality using Auger

hybrid measurements. Finally, we quantify the expected systematic uncertain-

ties and determine the UHECR mass composition using the �rst two moments

of the Xmax distributions up to the highest energies.

AKPIK 4.7 �u 17:45 AKPIK-H13
Graph Neural Networks for Low Energy Neutrino Reconstruction at IceCube
— ∙Rasmus Ørsøe— Trøjborggade 6, 3.sal, 1757 Copenhagen
A presentation on the application of graph neural networks for low energy neu-

trino reconstruction of IceCube events. Comparisons with current methods will

be shown. Brief introduction to graph neural networks and motivation is in-

cluded.

AKPIK 4.8 �u 18:00 AKPIK-H13
Event-by-event estimation of high-level observables with data taken by the
SurfaceDetector of the PierreAugerObservatory using deep neural networks
— ∙Steffen Hahn1

, Markus Roth
1
, Darko Veberic

1
, David Schmidt

1
,

Ralph Engel
1
, and BrianWundheiler

2
—

1
KIT, IAP, Germany—

2
UNSAM,

ITEDA, Argentina

Probing physics beyond the scales of human-made accelerators with cosmic rays

requires accurate estimation of high-level observables, such as the energy of the

primary particle or the maximum of the shower depth. Measurements of the

shower cascade, however, consist mainly of various, hard-to-interpret time sig-

nals which potentially contain non-trivial correlations. Deep neural networks

are a convenient way to tackle such a problem in a general way.

�e shower footprint measured by the surface detector of the Pierre Auger

Observatory provides us with time slices of the ground signal of a shower cas-

cade. �is gives us an ideal test bed to determine the quality of network based

reconstructionmethods compared to that of regular analysis methods. However,

a caveat of this approach is that the networks must be trained on Monte-Carlo

simulations. Since present hadronic interaction models for energies beyond 10

EeV are extrapolations there are discrepancies between simulations and real data

for which we have to correct for.

Here, we present a multi-purpose architecture and correction-method to pre-

dict high-level observables on measured data as well as physics results.

AKPIK 4.9 �u 18:15 AKPIK-H13
Reconstruction of primary particle energy fromdata taken by the SurfaceDe-
tector of the Pierre Auger Observatory using deep neural networks— Ralf
Engel, Markus Roth, DarkoVeberic, David Schmidt, SteffenHahn, and

∙Fiona Ellwanger for the Pierre Auger-Collaboration—Karlsruhe Institute of
Technology (IAP), Karlsruhe, Germany

To probe physics beyond the scales of human-made accelerators with cosmic

rays demands an accurate knowledge of their energy. Indirect, ground-based

experiments reconstruct this primary particle energy frommeasurements of the

emitted �uorescence light or the time-signal of the shower footprint. Using �u-

orescence detectors, one is able to estimate former with good accuracy. �ese,

however, exhibit a rather low duty cycle.

At the Pierre Auger Observatory the shower footprint is measured by a regular

triangular grid of water-Cherenkov detectors. Since the shower development is

a very intricate process the time signals of the detectors are fairly complex. Ad-

ditionally, the sheer amount of data makes it non-trivial to �nd hidden patterns

in their spatial and temporal distributions. Neural networks provide a straight-

forward way of tackling such a problem doing a data-driven analysis.

With large simulation data sets we are able to train more complex networks.

Systematic di�erences between simulations and measured data require special

attention to possible biases, which are quanti�ed. In this work, we present a

neural network architecture that gives an estimate on the energy for real data.
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Overview of Invited Talks and Sessions
(Lecture hall AGPhil-H14)

Invited Talks
AGPhil 2.1 Mon 16:15–17:00 AGPhil-H14 To G or not to G: J. H. Poynting and the gravitational constant in the 19th

century— ∙Isobel Falconer
AGPhil 4.1 Tue 14:00–14:45 AGPhil-H14 Hypothetical Waveforms and Unmodeled or Pipeline Searches in Gravita-

tional Wave Astronomy— ∙Lydia Patton
AGPhil 5.1 Tue 16:15–17:00 AGPhil-H14 Portrait of a Black Hole: Objectivity and the Imaging of M87* by the Event

Horizon Telescope— ∙Peter Galison
AGPhil 5.2 Tue 17:00–17:45 AGPhil-H14 When is a black hole spacetime “as large as it can be”? — ∙Juliusz Do-

boszewski
AGPhil 6.1 Wed 14:00–14:45 AGPhil-H14 Spacetime Conventionalism Revised: Tidal Forces and Weyl Curvature —∙Karim Thébault, Ufuk Tasdan
AGPhil 7.1 Wed 16:15–17:00 AGPhil-H14 On an inferential role of spacetime in particle physics— ∙TusharMenon

Sessions
AGPhil 1.1–1.4 Mon 11:00–13:00 AGPhil-H14 Symmetry and Geometry
AGPhil 2.1–2.3 Mon 16:15–18:00 AGPhil-H14 History and Philosophy of Gravity
AGPhil 3.1–3.3 Tue 11:30–13:00 AGPhil-H14 Black Holes I
AGPhil 4.1–4.3 Tue 14:00–15:45 AGPhil-H14 Gravitational and Electromagnetic Waves
AGPhil 5.1–5.3 Tue 16:15–18:15 AGPhil-H14 Black Holes II
AGPhil 6.1–6.4 Wed 14:00–16:15 AGPhil-H14 Foundations of Gravity
AGPhil 7.1–7.4 Wed 16:15–18:30 AGPhil-H14 Symmetries and Principles
AGPhil 8 Wed 18:30–19:30 AGPhil-MV Annual Meeting of the AGPhil
AGPhil 9.1–9.4 �u 11:00–13:00 AGPhil-H14 QuantumMechanics I
AGPhil 10.1–10.4 �u 14:00–16:00 AGPhil-H14 QuantumMechanics II
AGPhil 11.1–11.5 �u 16:15–18:45 AGPhil-H14 Time and Temperature
AGPhil 12.1–12.4 Fri 11:00–13:00 AGPhil-H14 Processes, Events and Time

Annual General Meeting of the Working Group on Philosophy of Physics
Wednesday 18:30–19:30 AGPhil-MV

• Report

• Plans for 2022/23

• Miscellaneous
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Sessions
– Invited and Contributed Talks –

AGPhil 1: Symmetry and Geometry
Time: Monday 11:00–13:00 Location: AGPhil-H14

AGPhil 1.1 Mon 11:00 AGPhil-H14
A Proposal for a Metaphysics of Self-Subsisting Structures — ∙Antonio
Vassallo

1
and Pedro Naranjo

1,2
—

1
Faculty of Administration and Social

Sciences, Warsaw University of Technology, Plac Politechniki 1, 00-661 Warsaw,

Poland—
2
Faculty of Philosophy, University ofWarsaw, Krakowskie Przedmieś-

cie 3, 00-047 Warsaw, Poland

We present a new metaphysical framework for physics that is conceptually clear,

ontologically parsimonious, and empirically adequate.�is framework relies on

the notion of self-subsisting structure, that is, a set of fundamental physical ele-

mentswhose individuation and behavior are described in purely relational terms,

without any need for a background spacetime. Although the speci�cation of the

fundamental elements of the ontology depends on the particular physical do-

main considered –and is thus susceptible to scienti�c progress–, the structural

features of the framework are preserved through theory change. �e kinemat-

ics and dynamics of these self-subsisting structures are technically implemented

using the theoretical framework of Pure ShapeDynamics, which provides a com-

pletely relational physical description of a system in terms of the intrinsic geom-

etry of a suitably de�ned Riemannian space, called shape space.

AGPhil 1.2 Mon 11:30 AGPhil-H14
Arguments from scienti�c practice in the debate about the physical equiva-
lence of symmetry-related models— ∙Joanna Luc— Jagiellonian University,
Kraków, Poland

In the recent philosophical literature, several counterexamples to the interpre-

tative principle that symmetry-related models are physically equivalent have

been suggested (Belot 2013, Belot 2018, Fletcher 2020). Arguments based on

these counterexamples can be understood as arguments from scienti�c prac-

tice of roughly the following form: because in scienti�c practice such-and-such

symmetry-relatedmodels are treated as representing distinct physical situations,

these models indeed represent distinct physical situations. I will argue that if

we are exclusively interested in models understood as representing entire possi-

ble worlds (not their subsystems), arguments from scienti�c practice should in-

volve some additional assumptions to guarantee that they are relevant for mod-

els understood in this way. However, none of the examples presented in the

literature satisfy all these additional assumptions, which leads to the conclu-

sion that arguments from scienti�c practice based on these examples do not

undermine the interpretative principle that di�erent symmetry-related models

represent the same possible world. An important ingredient of my argumen-

tation is the distinction between implicit and explicit modes of representing in

physics; symmetry-related models understood as representing subsystems are

in some contexts physically inequivalent only because they represent implicitly

some physical object (associated with a reference frame).

AGPhil 1.3 Mon 12:00 AGPhil-H14
A new view of the history of electromagnetic theory. An alternative formula-
tion to Maxwell— ∙antonino drago— via Benvenuti 3, 56011 Calci, Italy

�e exceptional role played by electromagnetic theory within the history of clas-

sical physics is stressed and characterized. �e notion of incommensurability

between di�erent approaches explains why this case-study constitutes a hard

subject for the historians of physics and hence why in the past they were con-

tent to consider as the decisive event of this history the birth of Maxwell equa-

tions.�e usual historical account on the completion of electromagnetic theory

is contested; electromagnetic theory has to be considered a completed theory not

before the requirement of a symmetric explanation of electromagnetic induction

between moving bodies was ful�lled. Actually in a retrospective view from the

introduction of Lorentz*s group some scholars have suggested new foundations

of electromagnetism. Among these new foundations I recognize in a recent one

(Diener et al. 2013) a substantial anticipation of an alternative formulation to

Maxwell-Hertz-Lorentz one. I improve it in a formal way according to an in-

terpretation of the foundations of the electromagnetism as constituted by the

choices on two basic dichotomies: one about two kinds of mathematics, and an-

other about two kinds of logic.

AGPhil 1.4 Mon 12:30 AGPhil-H14
�e Spatially of the Universe in Einstein*s paper *Geometry and Experience*
— ∙Taimara Passero—University of São Paulo, São Paulo, Brazil.
�e aim of this talk is to present and discuss the role of Euclidean geometry in

Einstein*s argument concerning the spatially of the Universe. Albert Einstein

analyzes this topic in the paper *Geometry and Experience*, given as a public

address on January 27, 1921 at the Prussian Academy of Sciences. In the �rst

part of his paper, Einstein distinguishes between *purely axiomatic geometry*

and *practical geometry*. In the second part, Einstein discusses whether the

Universe is spatially �nite or not. He presents a beautiful argument to illustrate

the theory of a �nite Universe by means of a mental picture using his notion of

practical geometry. To obtain this, Einstein goes from the thinking and visual-

ization o�ered by Euclidean geometry to acquire amental picture of the spherical

geometry.�is process leads him to conclude that *the human faculty of visual-

ization is by no means bound to capitulate to non-Euclidean geometry*.

AGPhil 2: History and Philosophy of Gravity
Time: Monday 16:15–18:00 Location: AGPhil-H14

Invited Talk AGPhil 2.1 Mon 16:15 AGPhil-H14
To G or not to G: J. H. Poynting and the gravitational constant in the 19th
century— ∙Isobel Falconer—University of St Andrews, UK
�e increasing precision of gravitational measurement is sometimes given as a

reason for the acceptance of the gravitational constant, G, in the late 19th century.

However, as late as the 1890s, John Henry Poynting, the doyen of British work-

ers on gravitation, persistently refused to cast measurement of the gravitational

constant as his experimental aim; he preferred to present it as measurement of

the mean density of the Earth. Despite his detailed analysis, in his Adams Prize

Essay of 1894, of the improvements in experimental method that were enabling

ever more precise measurement, he similarly interpreted all previous measure-

ments as of the mean density of the earth. His reservations about G alert us to

the mathematical, physical and metaphysical interpretative work involved in the

shi� that had occurred during the previous 100 years, from expressing the laws of

physics as ratio equations to expressing them as functional relationships between

algebraic symbols that denoted the numerical values of physical quantities.

�is talk will encompass gravitational work in Britain, France, and Germany,

in exploring the introduction of G into physics and some of the questions raised

by Poynting’s reservations about G as a useful physical construct.

AGPhil 2.2 Mon 17:00 AGPhil-H14
�e Renaissance of General Relativity in the 1960s— ∙Dennis Lehmkuhl—
Lichtenberg Group for History and Philosophy of Physics, Institute of Philoso-

phy, University of Bonn

�is talk will focus on the development of new mathematical methods during

the 1960s that allowed for new ways of understanding the solution space of the

Einstein equations, and subsequently for new avenues to work on cosmology.

�e focus will be on the classi�cation schemes for vacuum solutions developed

by Petrov, Penrose, and Pirani, as well as the global methods developed during

the work on the singularity theorems by Penrose and Hawking. Building on this,

the talk will outline how both the singularity theorems themselves and the new

methods developed in proving them have in�uenced subsequent work on cos-

mology.

AGPhil 2.3 Mon 17:30 AGPhil-H14
Holistic Eliminative Reasoning for Astronomy and Astrophysics —

∙Shannon Sylvie Abelson — Indiana University Bloomington, IN, United

States
I argue that a promising epistemology for astronomy and astrophysics (A&A) in-

volves a certain kind of eliminative reasoning. Unlike the traditional conceptions

of such reasoning that propose to eliminate rival theories or models based upon

quality of evidence, I build upon work by Paul Horwich (1982), Patrick Forber

(2011), and Elisabeth Lloyd (2013; 2015) to argue that it is particular model as-
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sumptions (variables, parameters, etc.) that are weighed and eliminated. Rather

than a veridical comparison between theory predictions and individual observa-

tional results, holistic eliminative reasoning has a web-like structure. Elimina-

tion is the end result of amulti-step reasoning program that holistically evaluates

the introduction of a proposed assumption into the state space of previously ac-

cepted evidence. In particular and where possible, model assumptions should

cohere with our well-con�rmed pictures of dynamical processes and the mecha-

nisms that underlie them. Holistic elimination then becomes a project of captur-

ing dynamical accuracy. �ese ideas have been explored in the context of biol-

ogy and genetics (see Lloyd, Lewontin, and Feldman (2008), Forber (2011) and

Ratti (2015)), but have not been extended to A&A. I outline how this epistemic

framework can be applied to competing dynamical pictures of the mechanisms

and conditions underlying the evolutionary histories of black holes, including

gas accretion, intermediate mass black hole mergers, and direct-collapse black

hole models.

AGPhil 3: Black Holes I
Time: Tuesday 11:30–13:00 Location: AGPhil-H14

AGPhil 3.1 Tue 11:30 AGPhil-H14
No membrane at the black hole horizon? — ∙Marco Sanchioni—Via Tim-

oteo Viti 10, Department of Pure and Applied Sciences, University of Urbino,

Italy

Since the discovery of Hawking radiation (Hawking, 1976), it has been ac- ac-

cepted among physicists, and later on also by philosophers (Wallace, 2018), that

black holes are thermodynamic objects in the total sense. To have a statistical

mechanical underpinning of black hole thermodynamics, as is the case for ther-

modynamics of ordinary things, it has been argued that a quantum membrane

should be posited at the black hole horizon.�is paper is an inquiry on the sta-

tus of the quantum membrane paradigm in light of recent theoretical results on

black hole physics obtained within the research program of semiclassical gravity

(Penington et al., 2019; Almheiri et al., 2020) and ultimately grounded on the

ER=EPR proposal (Maldacena and Susskind, 2013). However, we do not discuss

the problematic aspect of such a research program, which would be a project on

its own, and our result is thus conditional to its validity. In particular, the paper

starts an investigation on the picture of black holes that underlies these new cal-

culations.�e main result of this paper is that, within the central assumption on

the validity of semiclassical gravity, the quantummembrane paradigm should be

abandoned.

AGPhil 3.2 Tue 12:00 AGPhil-H14
Stellar gravitational collapse, singularity formation and theory breakdown—
∙Kiril Maltsev— Heidelberg Institute for�eoretical Studies / University of

Heidelberg

A critical examination of the main physical arguments against the prediction of

gravitational singularity formation in stellar core collapse is given, restricted in

scope to a historically oriented survey of the decades spanning in between the

Schwarzschild 1916 solution and the Penrose 1965 theorem. We �rst review the

3 de�nitions (missing point(s), in�nite curvature, and geodesic incompleteness)

of what a singularity is, and argue that its prediction is problematic for GR, in-

dicating breakdown of Lorentzian geometry, only insofar as in�nite curvature

is concerned. In contrast, geodesic incompleteness is its innovating hallmark,

which is not meaningfully available in Newtonian gravity formulations (in�nite

density, and in�nite gravitational force) of what a gravitational singularity is.�e

Oppenheimer-Snyder 1939 solution derives the formation of locally in�nite cur-

vature and of incomplete geodesics, while Penrose’s 1965 theorem concerns the

formation of incomplete (null) geodesics only. We assess as the most robust cur-

vature pathology formation counter-argument Markov’s derivation of an upper

bound on the quadratic curvature invariant from a ratio of natural constants, in

connection with Wheeler’s conjecture that the Planck scale is ultimate. Finally,

we recall Landau’s objection to fermionic in�nite density point mass formation,

which still provides strong reasons to believe that by the least an intermediate

state towards the �nal fate of gravitational collapse must be a bosonic con�gura-

tion.

AGPhil 3.3 Tue 12:30 AGPhil-H14
Alice meets Bob! or: �e association of in�nity and �niteness within the
Schwarzschild metric— ∙René Friedrich— Strasbourg
�e Schwarzschild metric is the basic description of a gravitational �eld, but it is

more than that: It provides us with some hints about the way how the universe is

working. Onemain feature of the Schwarzschildmetric is the association of �nite

and in�nite time structures, and it includes even proposals for the solution of the

so-called ”information paradox” of black holes and the supposed ”breakdown of

general relativity” near singularities.

AGPhil 4: Gravitational and Electromagnetic Waves
Time: Tuesday 14:00–15:45 Location: AGPhil-H14

Invited Talk AGPhil 4.1 Tue 14:00 AGPhil-H14
Hypothetical Waveforms and Unmodeled or Pipeline Searches in Gravita-
tional Wave Astronomy — ∙Lydia Patton— Virginia Tech, Blacksburg, Vir-
ginia, USA

�emultiple theoretical and instrumental advances in gravitational wave astron-

omy (GWA) have allowed for the construction of an increasingly �exible plat-

form for discovery. �is paper will investigate novel research methods being

constructed on the ground in GWA. It will begin by evaluating the comparison

of and contrast between twomethods of analysis: the construction of waveforms

that incorporate hypothetical parameters for new searches (EOB and novel ex-

tended EOB methods), and the use of unmodeled and pipeline-based searches

of existing data. In both cases, varying hypothetical assumptions or models al-

lows for more �exible, broad search methods.�e question then is how to move

from the broader a priori models to the detection of an event. We will exam-

ine several recent papers to reconstruct how these broader methods can be used

to support novel detection, and examining how search and detection methods

work together in this context.

AGPhil 4.2 Tue 14:45 AGPhil-H14
What Gravitational Waves Really Teach Us about Energy — ∙Samuel
Fletcher—University of Minnesota, Twin Cities, Minneapolis, USA

Gravitational wave solutions to the Einstein �eld equation of general relativity

are commonly regarded as examples proving how gravity in general relativity

transmits energy from a source body to a distant body. �e famous 1955 Feyn-

man sticky bead thought experiment illustrates the reality of this phenomenon by

imagining two beads generating heat in a rod on which they slide with friction,

due to their changing proper distance in the presence of the waves. I argue that

while this lesson is not entirelywrong, it ismuch too simplistic. It does not recon-

cile its conclusion with the fact that conservation of local energy-momentum, in

the sense that appears in the �eld equation, prevents energy transmission across a

vacuum.�us “energy transmission” must employ a di�erent concept of energy,

raising the possibility of pluralism with regard to the energy concept. Another

(compatible) possibility is that gravitational waves, rather than transmitting en-

ergy, facilitate the transformation between di�erent types or stores of energy lo-

cally. Key to these possibilities is analysis of the Weyl tensor. Time permitting, I

discuss these possibilities’ implications for a re-evaluation of the scope of Mach’s

Principle, the idea that the distribution of matter determines the geometry of

spacetime.

AGPhil 4.3 Tue 15:15 AGPhil-H14
Absorbing the Arrow of Electromagnetic Radiation — Mario Hubert and

∙Charles Sebens—California Institute of Technology, Pasadena, CA, USA
We argue that the asymmetry between diverging and converging electromag-

netic waves is just one of many asymmetries in observed phenomena that can be

explained by a past hypothesis and statistical postulate (together assigning prob-

abilities to di�erent states of matter and �eld in the early universe). �e arrow

of electromagnetic radiation is thus absorbed into a broader account of tempo-

ral asymmetries in nature. We give an accessible introduction to the problem of

explaining the arrow of radiation and compare our preferred strategy for explain-

ing the arrow to three alternatives: (i) modifying the laws of electromagnetism

by adding a radiation condition requiring that electromagnetic �elds always be

attributable to past sources, (ii) removing electromagnetic �elds and having par-

ticles interact directly with one another through retarded action-at-a-distance,

(iii) adopting the Wheeler-Feynman approach and having particles interact di-

rectly through half-retarded half-advanced action-at-a-distance. In addition to

the asymmetry between diverging and converging waves, we also consider the

related asymmetry of radiation reaction.
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AGPhil 5: Black Holes II
Time: Tuesday 16:15–18:15 Location: AGPhil-H14

Invited Talk AGPhil 5.1 Tue 16:15 AGPhil-H14
Portrait of a Black Hole: Objectivity and the Imaging of M87* by the Event
Horizon Telescope— ∙Peter Galison— Black Hole Initiative, Harvard Uni-
versity, Cambridge, Mass. United States

In thousands of atlases depicting the working objects of scienti�c inquiry–from

skeletons, clouds, and plants, to crystals, elementary particles, and stars, physi-

cians and scientists across many domains worked out what counted as scienti�c

objectivity.�is long-term history, with its various takes onwhat a reliable image

should be, converged in the yearslong struggle of the Event Horizon Telescope

(EHT) to produce a picture of a black hole robust enough to make public. As

a member of the imaging group, I was part of this e�ort–o�ering an occasion

for the direct interaction of philosophy and physics as we in the collaboration

thought through the di�erent forms of images in consideration: ideal images,

mechanically objective images, and expert judgment images. On April 10, 2019,

the team released the �rst image of a black hole, an image viewed within a very

few days by more than a billion people. �is is a talk about how the EHT team

of some 200 scientists came to assess as objective the glowing, crescent-like ring

around the supermassive black hole M87*.

Invited Talk AGPhil 5.2 Tue 17:00 AGPhil-H14
When is a black hole spacetime “as large as it can be”? — ∙Juliusz Do-
boszewski—University of Bonn (Lichtenberg Group for History and Philoso-

phy of Physics) — Black Hole Initiative, Harvard University

Multiple conditions have been proposed in the literature aiming at capturing the

idea that a general relativistic spacetime is ”as large as it can be”. I will con-

sider some of them in the context of particular black hole spacetimes, including

standard solutions, regular black holes, and fully evaporating black holes. �e

emerging landscape is not just subtle but also surprising. Interesting connec-

tions arise between these issues and certain versions of the cosmic censorship

conjecture. Philosophical consequences involve a notion of a time machine and

impact the viability of metaphysical principles such as the principle of su�cient

reason.

AGPhil 5.3 Tue 17:45 AGPhil-H14
A Role for the ‘Fauxrizon’ in the Semiclassical Limit of a Fuzzball— ∙Mike

D. Schneider—University of Illinois at Chicago, Chicago IL, USA

Recent remarks by Huggett and Matsubara (“Lost Horizon? - Modeling Black

Holes in String�eory”, 2021) indicate that a ‘fauxrizon’ (portmanteau of ‘faux

horizon’), such as is relevant to understanding astrophysical black holes accord-

ing to the fuzzball proposal within string theory (and perhaps in �rewall propos-

als, more generally), might ultimately solve the familiar black hole evaporation

paradox. I clarify, with general upshots for quantum gravity research, some of

what this suggestion would amount to: namely, identi�cation of intertheoretic

constraints on global spacetime structure in semiclassical models of fuzzballs.

AGPhil 6: Foundations of Gravity
Time: Wednesday 14:00–16:15 Location: AGPhil-H14

Invited Talk AGPhil 6.1 Wed 14:00 AGPhil-H14
Spacetime Conventionalism Revised: Tidal Forces and Weyl Curvature —
∙Karim Thébault and Ufuk Tasdan—University of Bristol
Our goal in this paper is to better understand the physical interpretation of tidal

forces andWeyl curvature in general relativity by considering novel articulations

of thesis of ‘spacetime conventionality’. We will �rst consider a speci�c rendition

of the conventionality thesis in the context of the debates regarding the status

of energy conservation and the e�ects of tidal forces. �is will then, in turn,

motivate a discussion of the two most physically important forms of curvature

- Ricci and Weyl - which can be isolated in general relativity, focusing upon the

extent to which such formal distinctionmay be employed to articulate an entirely

non-conventional analysis of the causal origin of tidal forces. We next consider

the idea that the Ricci vs. Weyl curvature distinction can be further deployed to

anchor a conventionalism-proof distinction between ‘pure geometric’ Weyl cur-

vature and ‘matter-energy-coupled’ Ricci curvature. To foreshadow our main

conclusion, what we �nd is that the complex of couplings between Ricci curva-

ture and stress-energy, via the Einstein equation, and Weyl and Ricci curvature,

via the Bianchi identity, leads us away from such attractively clean distinctions.

Finally, we will outline some open questions and possible lines of future work as

an envoi.

AGPhil 6.2 Wed 14:45 AGPhil-H14
Perturbing the hole argument — ∙John Dougherty — Munich Center for

Mathematical Philosophy, LMUMunich

�e recent literature on the hole argument has seen a reappraisal of itsmathemat-

ical aspects. According to this reappraisal, as Halvorson andManchak succinctly

put it, there are two mathematical claims that might be thought to underwrite

the hole argument, and neither in fact does.�e claim that there are isomorphic

but distinct Lorentzian manifolds is trivial, and the claim that there is a di�eo-

morphism that spoils the determinism is false. In this paper I argue that at least

one version of the hole argument is underwritten by a third mathematical claim:

that the con�guration space of general relativity is “natural”, which is to say that

it depends functorially on the base manifold.�is claim is nontrivial in the sense

that it is not true in many theories, such as those containing spinor �elds. But it

is true in a tensorial theory like general relativity. And it underwrites the version

of the hole argument that analogizes general covariance to the “gauge” nature of

general relativity as it is used in perturbative contexts such as calculations con-

cerning gravitational radiation and semiclassical e�ects.

AGPhil 6.3 Wed 15:15 AGPhil-H14
ACase for Further Inquiry into Spin and Gravity— ∙ZacharyHall—Stan-
ford University

I present an undiscussed instance of the tension between the background-

dependent formalism of quantum theory and the background-independence

of classical general relativity. Notably, the issue is subject to empirical test-

ing, for which reason it also holds interest for those who eschew background-

independent methods or interpretations in gravitational theory.�e issue is that

the representations of spin-states in quantum theory depend prima facie on an

embedding of those states in a �at background geometry.�is raises the question

of whether we should continue using a background geometry in representing

spin-states in aworldwith gravitation.�e empirical questions are apparent with

knowledge of how experimentalists align (a) preparing andmeasuring devices of

spin-states undergoing no non-gravitationally induced precession and (b) mea-

suring devices in multiple wings of experiments on spin-entangled states. �e

aligning procedure is operational, meaning that the question of how the aligned

measurement axes should be represented in the spacetime has been so-far unin-

vestigated. While somemay be inclined to think that they should be represented

with the Christo�el symbols and path information of the system, it is not clear

that this is the only acceptable solution a priori.

AGPhil 6.4 Wed 15:45 AGPhil-H14
On the relation between Unruh and Hawking radiation — Ignacio Araya1
and ∙Siddharth Muthukrishnan

2
—

1
ICEN, Universidad Arturo Prat,

1110939, Iquique, Chile —
2
HPS, University of Pittsburgh, Pittsburgh, PA, USA

15260
It is o�en said that Hawking radiation just is a kind of Unruh radiation. In this

work, we clarify the ways in which Hawking radiation can and cannot be seen as

a kind of Unruh radiation. Hawking radiation is analogous to Unruh radiation

in that the Schwarzschild metric near the horizon is isomorphic to the Rindler

metric, which allows us to employ the derivation of Unruh radiation to obtain

Hawking radiation. But the isomorphism is restricted to the near-horizon re-

gion. �is observation leads to the way in which Hawking radiation is not a

kind of Unruh radiation: the analogy between them is not due to the equiva-

lence principle. One might think that because observers near – but outside of

– the horizon of a black hole are equivalent, via the equivalence principle, to an

accelerating observer in empty space, Hawking radiation observed by a hovering

observer outside a black hole just is the kind of Unruh radiation that an accel-

erating observer in empty space would see. We argue that this is an incorrect

way of thinking of Hawking radiation. Indeed, this would imply that hovering

observers outside gravitating bodies that are not black holes – such as stars and

planets – would also observe Unruh/Hawking radiation, and this is not the case.

�roughout we emphasize the ways in which Hawking and Unruh radiation can

be seen as varieties of geometric radiation, i.e., radiation generated by the struc-

ture of a metric containing horizons.
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AGPhil 7: Symmetries and Principles
Time: Wednesday 16:15–18:30 Location: AGPhil-H14

Invited Talk AGPhil 7.1 Wed 16:15 AGPhil-H14
On an inferential role of spacetime in particle physics— ∙TusharMenon—

Faculty of Philosophy, University of Cambridge, Sidgwick Avenue, Cambridge

CB3 9DA
Here is a plausible claim from particle physics: the states in a gaugemultiplet cor-

respond to (possibly distinct) con�gurations of the same type of particle. Take,

for example, the spin-up and spin-down states (with respect to some axis) of an

electron in an SU(2) multiplet. But surely, one might worry, not all such for-

mal uni�cations count. Consider an electron-neutrino doublet, which is also an

SU(2) multiplet. It seems less straightforward (or correct!) to consider these two

be two states of the same type of particle. But why?

Consider what wemight call the Redhead-Weingard thesis: two ormore states

in a multiplet of the gauge group of a quantum �eld theory are ontologically uni-

�ed if they transform into each under the action of a spacetime transformation.

�e Redhead-Weingard thesis seems to generate the intuitively correct verdict

in a number of cases, including the two SU(2) cases presented above. In ordi-

nary relativistic QFTs, it works because the question of what structure counts as

spatiotemporal is settled pretheoretically. But this fact conceals a contingent fact

that is tacitly assumed across much theorising about spacetime: that spacetime

plays the same inferential role regardless of the theoretical framework within

which it is employed. �e primary goal of this talk is to demonstrate this con-

tingency by discussing how these roles come apart in supersymmetric quantum

�eld theories.

AGPhil 7.2 Wed 17:00 AGPhil-H14
Cassirer andWeyl on the Constitutive Structure of Physical�eory— ∙Noah
Stemeroff—University of Bonn

�ough representative of divergent philosophical and intellectual traditions,

both Ernst Cassirer and Hermann Weyl held that a given mathematical frame-

work must always serve as a necessary presupposition of scienti�c thought

(within a broadly Kantian position). Neither thought that this framework was

�xed, a priori, as it was for Kant. However, in allowing for the revision of the con-

stitutive framework of scienti�c thought, both were forced to face the spectre of

a pervasive relativism. In response, each suggested that the relativist abolition

of the standard of objectivity does not entail the abolition of the di�erence in

value and performance of various scienti�c theories. On this view, scienti�c the-

ories do not stand apart in their relation to the world, to be judged solely on their

ownmerits, but rather as part of a progressive series. In this context, Cassirer and

Weyl both highlighted the fundamental role that group theory played as a consti-

tutive feature of our understanding of objectivity through the progress of science.

In this paper, I will examine the di�ering views of Cassirer andWeyl concerning

the constitutive role of group theory in physical enquiry, and what lessons we

can draw from this history concerning modern debates on the methodology of

physics.

AGPhil 7.3 Wed 17:30 AGPhil-H14
Naturalness and the Heuristic Role of Scienti�c Principles — ∙Enno Fis-
cher — Bergische Universität Wuppertal, Interdisziplinäres Zentrum für

Wissenscha�s- und Technikforschung

�e naturalness principle roughly demands that a theory should not involve in-

dependent parameters that are �nely tuned.�is principle was employed heavily

over the last 40 years by theoretical physicists as a guideline for developing the-

ories of beyond the Standard Model physics (BSM). However, since experiments

at the Large Hadron Collider (LHC) have not found conclusive signs for new

physics, the signi�cance of naturalness arguments has been questioned and it

has been suggested that high-energy physics has reached the ”dawn of the post-

naturalness era.”

I argue that an explanation of the current shi� in attitude towards naturalness

can be given if we acknowledge that the naturalness principle has experienced

epistemic support through the theories it has inspired. I argue that the potential

coherence between major BSM proposals and the naturalness principle led to an

increasing degree of credibility of the principle. �e absence of new physics at

the LHC has undermined the potential coherence and has led to the principle’s

current loss of signi�cance. On the basis of this account I assess the heuristic role

of naturalness as a guiding principle in high-energy physics and draw some ten-

tative conclusions about the role of principles in the context of scienti�c progress.

AGPhil 7.4 Wed 18:00 AGPhil-H14
A neo-Kantian approach to the epistemology of the LHC �avour anomalies
— ∙Alex Seuthe— Technische Universität Dortmund
Large scale experiments at the LHC, like the LHCb experiment, seek to answer

questions about the fundamental structure of matter and the nature of the cos-

mos. Since the discovery of theHiggs boson and correspondingly of all predicted

particles of the Standard Model, the �eld is faced with an open horizon for gain-

ing knowledge. In �avour physics, various anomalies in b → sℓ+ℓ− decays have
been attracting attention in recent years. Although the single measurements are

not yet statistically signi�cant for a discovery, the overall picture might hint at

possible extensions or modi�cations of the Standard Model. So far, only little

epistemological re�ection on the scienti�c process related to these anomalies

has been presented. In my talk, I suggest a �rst attempt utilizing Ernst Cas-

sirer’s concept of science as a series process towards the limit of reality. Here, the

experimental anomalies and theoretical explanatory models, including speci�c

models or model-independent e�ective theories, stand in an alternating series

of cognitions, oriented towards the ideal of reality as a regulative principle.

AGPhil 8: Annual Meeting of the AGPhil
Time: Wednesday 18:30–19:30 Location: AGPhil-MV
Annual Meeting of the AGPhil

AGPhil 9: Quantum Mechanics I
Time:�ursday 11:00–13:00 Location: AGPhil-H14

AGPhil 9.1 �u 11:00 AGPhil-H14
A Heuristic Route to Nonlinear QuantumMechanics— ∙Alireza Jamali—
3rd Floor - Block No. 6 - Akbari Alley - A�er Dardasht Intersection - Janbazane

Sharghi - Tehran - Iran

It is known since Madelung that the Schrödinger equation can be thought of as

governing the evolution of an incompressible �uid, but the current theory fails

to mathematically express this incompressibility in terms of the wavefunction

without facing problem. In this paper a�er showing that the current de�nition

of quantum-mechanical momentum as a linear operator is neither the most gen-

eral nor a necessary result of the de Broglie hypothesis, a new de�nition is pro-

posed that can yield both a meaningful mathematical condition for the incom-

pressibility of the Madelung �uid, and nonlinear generalizations of Schrödinger

and Klein-Gordon equations. �e derived equations satisfy all conditions that

are expected from a proper generalization: simpli�cation to their linear coun-

terparts by a well-de�ned dynamical condition; Galilean and Lorentz invariance

(respectively); and signifying only rays in the Hilbert space.

AGPhil 9.2 �u 11:30 AGPhil-H14
Evidence for Interactive Common Causes. Resuming the Cartwright-
Hausman-Woodward Debate — ∙Paul M. Näger — University of Münster,

Germany

�e causal Markov condition (CMC), which is a central principle of causal mod-

elling, requires that conditional on a common cause the correlation between its

e�ects vanishes (the common cause screens o� the correlation). Since Salmon

(1978) presented the �rst counterexamples, joined by van Fraassen (1980, 1982)

and Cartwright (1988 andmanymore), there is a debate about whether there are

also common causes that fail to screen o� (interactive common causes, ICCs),

violating the CMC. Since indeterminism is a necessary requirement, themost se-

rious candidates for ICCs refer to quantum phenomena. In her seminal debate

with Hausman and Woodward, Cartwright early on focussed on unfortunate

non-quantum examples (chemical factory). Especially, Hausman and Wood-

ward’s redescriptions of quantum cases saving the CMC remain unchallenged.

�is paper takes up this lose end of the discussion and aims to resolve the debate

in favour of Cartwright’s position. It systematically considers redescriptions of

ICC structures, including those by Hausman and Woodward, and explains why
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these are inappropriate, when quantum mechanics (in a dynamic collapse inter-

pretation) is true. It �rst shows that all cases of purported quantum ICCs are

cases of entanglement and then, using the tools of causal modelling, it provides

an analysis of the quantum mechanical formalism for the case that the collapse

of entangled systems is best described as a causal model with an ICC.

AGPhil 9.3 �u 12:00 AGPhil-H14
Aristotelian Grounding for GRW’s Flash Ontology— ∙RyanMiller—Uni-

versity of Geneva, Switzerland

�e �ash (i.e., event) ontology for the GRW objective-collapse formulation of

quantum mechanics (Goldstein et al., 2012) has become popular for maintain-

ing both a primitive ontology in 4D spacetime (Allori et al., 2014; Allori, 2015;

Tumulka, 2017) and serious Lorentz invariance (Tumulka, 2009; Petrat & Tu-

mulka, 2014a, 2014b; Tumulka, 2021). Valia Allori’s (Allori et al., 2008; Allori,

2016) straightforward reading of this ontology suggests that the �ashes are fun-

damental, grounding both the other elements of the theory and our everyday

macro-scale ontology.�is view has come under pressure on both points, how-

ever: Tim Maudlin (1997, 2010, 2011, 2019) argues that the GRW wavefunction

cannot be wholly grounded in the �ashes, while Elizabeth Miller (forthcoming)

argues that �ashes are an inadequate ground for everyday macro-scale ontology.

I suggest resolving these di�culties with the GRW �ash ontology by ground-

ing the �ashes in entangledmacro-objects. On this Aristotelian proposal, macro-

objects like Schrodinger’s cat maintain the entangled wavefunction that governs

their micro-scale powers, realized in �ash events. Because entangled particle

families �ash together (Maudlin, 2011), the density of micro-events will support

macro-observations without the GRW parameters departing from observed val-

ues (Feldmann & Tumulka, 2012). Neo-Aristotelian grounding is thus attractive

for GRW’s �ash ontology.

AGPhil 9.4 �u 12:30 AGPhil-H14
Does the weak trace show the past of a quantum particle in an unperturbed
system? — ∙Jonte R Hance1, John Rarity1, and James Ladyman2

—
1
Quantum Engineering Technology Laboratories, Department of Electrical and

Electronic Engineering, University of Bristol, Woodland Road, Bristol, BS8 1US,

UK—
2
Department of Philosophy, University of Bristol, CothamHouse, Bristol,

BS6 6JL, UK

We investigate theweak tracemethod for determining the path of a quantumpar-

ticle in an unperturbed system. Speci�cally, looking at nested interferometer ex-

periments, when internal interferometers are tuned to destructive interference,

we show that the weak trace method gives misleading results.�is is because the

methods used experimentally to obtain the weak value of the position operator

necessarily perturb the system, hence, in some cases the assumption that weak

coupling being equivalent to no coupling is incorrect. Further, even if we assume

there is no disturbance, there is no reason to associate the weak value of the spa-

tial projection operator with the classical idea of ‘particle presence’, especially if

it has features which go against the classical ideas associated with a particle being

present (i.e. a particle having a single, continuous path). Experiments performed

that are claimed to support the interpretation simply show the e�ects of this cou-

pling acting as measurement, rather than tapping into the underlying reality of

what happens in a quantum system when no-one is looking.

AGPhil 10: Quantum Mechanics II
Time:�ursday 14:00–16:00 Location: AGPhil-H14

AGPhil 10.1 �u 14:00 AGPhil-H14
How to distinguish between indistinguishable particles — ∙Michael te

Vrugt — Institut für �eoretische Physik, Center for So� Nanoscience,

Philosophisches Seminar, Westfälische Wilhelms-Universität Münster, 48149

Münster, Germany

A long and intense debate in philosophy is concerned with the question whether

there can be haecceistic di�erences between possible worlds, that is, nonqualita-

tive di�erences that only arise from di�erent de re representations. According to

haecceitism, it can give rise to a di�erent situation if the positions of two quali-

tatively identical particles are exchanged, while according to anti-haecceitism,

this is not the case. It has been suggested that classical statistical mechanics

might provide evidence for one of these positions. However, most philosophers

of physics argue that it does not. In this work [1], I show that order-preserving

dynamics, a novel method from statistical mechanics developed for the descrip-

tion of nonergodic systems, changes this situation: It is intrinsically haecceistic

and makes di�erent experimental predictions than non-haecceistic alternatives.

�ereby, it provides an empirical argument for the existence of modality de re.

[1] M. te Vrugt, British Journal for the Philosophy of Science (forthcoming),

https://doi.org/10.1086/718495

AGPhil 10.2 �u 14:30 AGPhil-H14
Who’s afraid of retrocausation? A retrocausal explanation of Bell-type corre-
lations— ∙Matthias Ackermann— Leibniz University Hanover

Bell’s theorem is commonly understood to have demonstrated that the observed

statistics in quantum experiments rule out a ’locally causal’ explanation. How-

ever, almost always the temporal aspect of ’local causality’ seems to be implicitly

assumed, rather than explicitly de�ned. Recent work by Wharton and Argaman

(2020) does just that and with it o�ers a retrocausal framework that accounts for

the correlations at the cost of an explicit relaxation of the usually implicit arrow-

of-time—thus, the argument goes, operationally saving Bell-compatible locality.

�is work assesses their proposal based on the central aspects of causal mod-

elling (Pearl, 2009) and an in�uential no-go theorem by Wood and Spekkens

(2015). Taking seriously the relaxation of the standard past-to-future descrip-

tion of physical systems, one can defend causal �ne-tuning from being deemed

’unnatural’ (Wood and Spekkens, 2015) or ’unsatisfactory’ (Allen et al., 2017).

Although Wharton and Argaman’s (2020) retrocausal model indeed does fall

victim to �ne-tuning, this is due to an assumed underlying symmetry.�e main

�nding is that taking these underlying symmetry considerations seriously lets

one reasonably entertain the possibility that causes and signals do not necessar-

ily co-occur. It is concluded that the framework of classical causal modelling is

too restrictive of a framework to be home to and therefore to capture the notion

of retrocausality.

AGPhil 10.3 �u 15:00 AGPhil-H14
Con�guration Space Realism and Fundamentality — ∙Gabrielle Kerbel1
and Nina Emery

2
—

1
University of Michigan —

2
Mount Holyoke College

�e central question of quantum ontology is: what does the wavefunction rep-

resent? According to con�guration space realism, the wavefunction represents

a �eld (the ‘wavefunction �eld’) in a high-dimensional space (what we call ‘cf-

space’). According to the standard version of con�guration space realism, which

we call con�guration space fundamentalism, the wavefunction �eld and cf-space

are fundamental. We present a novel version of con�guration space realism,

called con�guration space non-fundamentalism, according to which the wave-

function �eld and cf-space are non-fundamental. Instead, the wavefunction �eld

and cf-space depend on three-dimensional space and the entities therein. We

argue that con�guration space non-fundamentalism should be taken at least as

seriously as con�guration space fundamentalism. Along the way we show how

choosing between these di�erent versions of con�guration space realismwill en-

courage metaphysicians and philosophers of physics alike to confront signi�cant

questions about the structure of grounding relations, the importance of locality

and separability, and the nature of supervenience and scienti�c explanation.

AGPhil 10.4 �u 15:30 AGPhil-H14
Change andTime inQuantumMechanics— ∙BrittanyGentry—Utah State
University, Logan, USA

While it is apparent that leading physical theories such as Relativity�eory and

standard interpretations of Quantum Mechanics do not posit a real, or funda-

mental, time, the search for real time persists. One reason for continuing to

posit real time is the concern that time is necessary to change. Examples of this

concern as well as confusing claims that may lead others to that concern abound

in philosophy of physics, even from physicists who agree that real time is un-

necessary to physical theories. To address that concern, this paper argues that

one way to separate time and change is to understand time as a construct that

we use to slice up 4-dimensional Hilbert space into 3-dimensional space for the

purpose of further distinguishing di�erences in the basic stu� occupying Hilbert

space–namely, particles. On such a view, changes are the di�erences in positions

that we observe in the stu� of Hilbert space and time is a construct that we some-

times place on this space to articulate these di�erences–and this conception of

our QMmodels allows us to conceive of changes in a way that is independent of

time. Time is a helpful feature of the model that we apply at certain levels, but

not essential to the existence of the changes that we study. It leaves unaddressed

the question of whether changes are real or apparent. However, this explanation

makes progress in tidying up concerns regarding time in QM by removing the

confusions surrounding the relationship between time and change.
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AGPhil 11: Time and Temperature
Time:�ursday 16:15–18:45 Location: AGPhil-H14

AGPhil 11.1 �u 16:15 AGPhil-H14
Taking seriously the problemof time of quantumgravity— ∙AlvaroMozota

Frauca—Autonomous University of Barcelona

In this paper I raise a worry about the most extended resolutions of the prob-

lem of time of canonical quantizations of general relativity. �e reason for this

is that these resolutions are based on analogies with deparametrizable models

for which the problem can be solved, while I argue in this paper that there are

good reasons for doubting about these resolutions when the theory is not de-

parametrizable, which is the case of general relativity. I introduce an example of

a non-deparametrizable model, a double harmonic oscillator system expressed

by its Jacobi action, and argue that the problem of time for this model is not

solvable, in the sense that its canonical quantization doesn’t lead to the quantum

theory of two harmonic oscillators and the standard resolutions of the problem

of time don’t work for this case. I argue that as general relativity is strongly analo-

gous to this model, one should take seriously the view that the canonical quanti-

zation of general relativity doesn’t lead to a meaningful quantum theory. Finally,

I comment that this has an impact on the foundations of di�erent approaches to

quantum gravity.

AGPhil 11.2 �u 16:45 AGPhil-H14
quantum gravity and time’s arrow: why primitivism should leave the �oor to
(local) reductionism— ∙luca gasparinetti—Venice, Italy

According to some primitivist approaches about the debate on time’s arrow,

spacetime is characterized by an intrinsic and global anisotropy of time, i.e.,

the temporal direction is a primitive and no further analyzable feature of the

universe’s geometry (Earman 1974 and Maudlin 2007). However, in several ap-

proaches to quantum gravity (e.g., causal set theory, loop quantum gravity, string

theory), most philosophers of physics, e.g., Huggett (2021), Le Bihan (2021),

Wüthrich (2018), state that spacetime disappears at the fundamental level and

emerges in some sense from a non-spatiotemporal structure. �us, the follow-

ing question arises: given the disappearance of spacetime from the fundamental

structure, what are the consequences for the primitivist approach about time’s

arrow?

In this paper, I argue that primitivism about time’s arrow is seriously chal-

lenged by what quantum gravity theorists state about spacetime. More speci�-

cally, since spacetime is emergent, the direction of time, if it exists, reduces on

a more fundamental asymmetry. It follows that if time’s arrow is not primitive,

the primitivist approach is false in the context of a theory of quantum gravity.

Hence, I conclude that quantum gravity theorists have at their disposal only (lo-

cal) reductionism, i.e., time’s arrow is an extrinsic and, local or global, anisotropy

of time.

AGPhil 11.3 �u 17:15 AGPhil-H14
On the Status of Temperature and�ermodynamics in Relativity— ∙Eugene
Y. S. Chua—University of California San Diego, La Jolla, CA

�e project to understand black holes thermodynamically (i.e. black hole ther-

modynamics) was motivated by how stationary black holes can be characterized

by laws analogous to the laws of classical thermodynamics. Taking this anal-

ogy seriously as evidence that black holes are thermodynamical seems to require

that thermodynamics be relevant in the large-scale relativistic regime, viz. that

there is a relativistic thermodynamics to speak of. However, an unresolved de-

bate from the 1960s over the (lack of a) canonical Lorentz transformation for a

central thermodynamic concept - temperature (and heat) - undermines this very

assumption by askingwhether thermodynamics could be relativized at all. By ex-

amining this debate, I argue that temperature, like absolute simultaneity, is not

relativistic. We can readily judge simultaneity within a frame, just as co-moving

observers can readily discern a system’s temperature. However, the debate sug-

gests there is no fact of the matter about the temperature of a moving object, just

as there is no absolute sense that two objects moving relative to one another are

simultaneous with each other. �is pushes back against the idea that classical

thermodynamics should be extended into the relativistic regime.�e upshot for

black hole thermodynamics: the thermodynamical analogy should not be taken

too seriously.

AGPhil 11.4 �u 17:45 AGPhil-H14
�e physical reality of a directed time— ∙Grit Kalies—HTWUniversity of
Applied Sciences, Dresden, Germany

Irreversibility has occupied philosophers and physicists for centuries. While

quantum mechanics and special and general relativity interpret processes as re-

versible, thermodynamics describes every macroscopic process as irreversible.

�is divergence is called ”Paradox of Time” [1].

In the 19th century, Max Planck was searching for a genuine irreversible mi-

croscopic process and refused to accept Ludwig Boltzmann’s purely statistical

interpretation of the second law of thermodynamics, which does not describe

irreversibility at the quantum level [2]. Later, Boltzmann’s interpretation was

accepted.

Recent studies [3-7] show that Boltzmann and Clausius could not yet formu-

late the second law comprehensively due to the limited data available. As a result,

physics was founded on symmetry principles. And yet: it exists, the irreversible

process at the quantum level.�e second law of thermodynamics can be further

developed and understood as a fundamental law of nature, i.e. time symmetry

is excluded.

[1] I. Prigogine, I. Stengers: Das Paradox der Zeit, Piper, München, Zürich,

1993; [2] L. Boltzmann, Sitzungsber. kaiserl. Akad. Wiss. Wien 66 (1872) 275-

370; [3] G. Kalies: Vom Energieinhalt ruhender Körper, De Gruyter, Berlin,

2019; [4] G. Kalies, Z. Phys. Chem. 234 (2020) 1567-1602; [5] G. Kalies, Z.

Phys. Chem. 235 (2021) 849-874; [6] G. Kalies: Back to the roots:�e concepts

of force and energy, Z. Phys. Chem. (2021) 1-53, DOI: 10.1515/zpch-2021-3122;

[7] G. Kalies: On the uni�cation of mechanics and thermodynamics, submitted

(2021).

AGPhil 11.5 �u 18:15 AGPhil-H14
Breaking Symmetry in Scienti�c Explanation — ∙Benjamin Faltesek —
Texas A&M University, College Station, TX, USA

�e causal asymmetry problem plagues argument-form accounts of scienti�c ex-

planation such as Kitcher*s uni�cationism. Such accounts require explanations

to be sound and have some additional property; for Kitcher, the additional prop-

erty is unifyingness: theory A is more unifying than theory B i� A explains more

phenomena than B using as many or fewer ultimate facts and argument forms

than B.

�e causal asymmetry problem is that such accounts cannot distinguish good

from bad explanations when there is an equation among the premises. An ar-

gument pattern that explains the length of a building*s shadow from the build-

ing*s height, for instance, can equally well explain the building*s height from

the length of its shadow. Each explanation is equally sound and unifying, but

the latter goes against causal dependence.

I propose a solution without relying on causal intuitions. For any explanation

with an equation premise, the equation has a term E such that if E takes the value

0, the system at issue in the explanation cannot exist.�is is not true of the other

terms C. E represents the e�ect of the system, the phenomenon to be explained.

I provide a schema for constructing explanatory argument forms that avoids the

causal asymmetry problem by conditionalizing equations on the Cs.

AGPhil 12: Processes, Events and Time
Time: Friday 11:00–13:00 Location: AGPhil-H14

AGPhil 12.1 Fri 11:00 AGPhil-H14
Die Er�ndung der Zeit — ∙Helmut Hille — Fritz-Haber-Straße 34, 74081

Heilbronn
Die Zeit ist nicht nur Physikern und Philosophen ein Rätsel, das sie in immer

neuen Anläufen zu entschlüsseln versuchen. Richtig ist, sie als Dimension zu be-

zeichnen, nämlich die des (zeitlichen) Nacheinanders, neben den 3 räumlichen

Dimensionen des Neben-, Über- und Hintereinanders. Das räumliche Erleben

geschieht dadurch, dass das Gehirn die 2-dimensionalen Bilder der Wahrneh-

mung * es gibt keine anderen! * so überlagert, dass ein räumlicher Eindruck ent-

steht. Gleiches geschieht mit den gerichteten Schallwahrnehmungen der beiden

Ohren beim Stereohören. So wie ferner das Gehirn das Farbensehen zur besse-

ren Unterscheidung von Objekten erfunden hat, wo gar keine Farben sind, so

hat es auch das Zeiterleben erfunden, obwohl alle Dinge nur in der Gegenwart

existieren, die zeitlos ist. Jeder Moment ist so gegenwärtig wie jeder andere, Die

Rolle des Beobachters in allen Wahrnehmungen kann also gar nicht überschätzt

werden. Trotzdem wird sie so wenig verstanden, weil das Gehirn das so will.

Es möchte ungestört arbeiten können, weshalb es sich bedeckt hält. Es kann hier

mit Hilfe der Neurophilosophie* gezeigt werden, wie es zumZeiterleben kommt,

das für unser Menschsein unverzichtbar ist. *Verbindung von Ergebnissen der

Hirnforschung mit philosophischen Fragen
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AGPhil 12.2 Fri 11:30 AGPhil-H14
Alfred NorthWhitehead und die Philosophiegeschichte— ∙Christian Tho-
mas Kohl—Daumstr.105, 13599 Berlin

*Jede Philosophie bezieht ihre Farbe von der geheimen Lichtquelle eines Vor-

stellungshintergrunds, der niemals ausdrücklich in ihren Gedankenketten auf-

taucht*

Vorstellungshintergrund. Ein Vorstellungshintergrund kann auch aus Vorur-

teilen und ober�ächlichen Klischees bestehen oder aus einer Mischung von al-

lem. In der Mathematikgeschichte ist manchmal von Axiomen oder von Grund-

sätzen die Rede. Als Physikhistoriker wende ich mich vor allem der Geschich-

te der Physik zu, meinem eigenen Hintergrund. Innerhalb einer physikalischen

�eorie ist eine�ese ein Satz, der bestätigt werden soll.

AGPhil 12.3 Fri 12:00 AGPhil-H14
Events, structures and processes— ∙Hans Jürgen Pirner— Institut für�e-
oretische Physik, Heidelberg

What are events? To answer this question, the talk analyzes physical and mental

events. A singular event like the heat catastrophe of 2003 becomes meaningful

when one relates it to the evolution of the climate. Structures emergewhen events

repeat themselves or when the experimenter makes them repeatable. In this way,

physicists discovered the standardmodel of elementary particles, the cosmicmi-

crowave radiation and condensates of ultracold atoms. In general, events are

parts of processes i.e. chains of events as will be shown for the birth of galax-

ies. In the university, researchers in separate faculties investigate physics and

philosophy. �is talk attempts to bridge this gap. By using the concept of event

one understands reality from both perspectives. �e author discusses White-

head’s philosophy and gives examples of how to structure events. Phenomena

in the brain or in arti�cial intelligence show the interaction of nature and mind.

Paradoxical results in decisions and in cognition interpret the connection we

are looking for. If events are fundamental, a deep insight into the interaction of

nature and mind opens up.

AGPhil 12.4 Fri 12:30 AGPhil-H14
Heisenberg*s loop of knowledge and a mathematical model of the *thing in
itself*: Circles theory — ∙Mohammed Sanduk — Department of Chemical

and Process Engineering, University of Surrey, Guildford, GU2 7XH, UK

In philosophy of microscopic physics, Heinsberg introduced two concepts.�e

�rst concept is for the *nature in itself* and *nature as appears*. �e observa-

tion can be regarded as a transformation from *nature in itself* to *nature as

appears*. In the second one, Heinsberg, unlike Kant, opened a possibility to

have a mathematical model for the *thing in itself*. �is process may be a type

of another transformation. It is a transformation from observable nature to na-

ture in itself.�ese two concepts may form a loop of knowledge in microscopic

nature. In an attempt to explain the complex harmonic oscillator (microscopic

thing as appears), this loop has been adopted.�is attempt led to develop a the-

ory *circles theory*.�is theory is not in quantummechanics.�e theory shows

the process of the two transformations. �e wave function has a form of com-

plex harmonic oscillator. In spite of the fact that this theory is not in quantum

mechanics, the results of transformations show a good similarity to relativistic

quantum mechanics.
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Zoska, M. . . . . . . . . . . . . . . . . . . . ∙EP 5.2
Zotz, Alexander . . . . . . . . . . . . . . . ∙T 8.6
Zuber, Kai . . . . . . . . . . . . . . . . . . . . T 49.5
Züfle, Jan . . . . . T 20.3, T 20.9, T 48.6,

T 48.8, T 102.3
Zumalacarregui, Miguel . . . . . . GR 5.3
Zundel, Dorina . . . . . . . T 48.9, T 48.10
Zweibel, Ellen . . . . . . . . . . . . . . . . .T 73.3
Zwickel, Sebastian . . . T 20.8, ∙T 99.5
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