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Overview of Invited Talks and Sessions

Plenary and prize talks
See PV for details.
PV I Tue 9:00- 9:45 PVa  Physics-Informed AI for Image Reconstruction in PET — eANDREW

READER
PVII Wed 9:00- 9:45 PVa Recent physics highlights of experiments at the LHC — ¢ WOLFGANG WAG-

NER
PVIIIT Wed 19:30-21:30 PVp Geschiittelt, nicht geriihrt! — James Bond im Visier der Physik — eMETIN

TOLAN
PVIV Thu 9:00- 9:45 PVa Roadmap for Accelerator Development in Response to the 2020 Update

of the European Strategy for Particle Physics — eMICHAEL BENEDIKT
PVV  Fri 9:00- 9:45 PVa On top of Dark Matter searches at the LHC — ePRISCILLA PANI

Hauptvortrage (Invited Talks)

T 23.1

T 23.2
T 23.3
T 48.1
T 48.2
T 48.3
T 73.1

T 73.2

T 73.3
T 99.1

T 99.2
T 99.3

Tue

Tue
Tue
Wed
Wed
Wed
Thu

Thu

Thu
Fri

Fri
Fri

9:45-10:30

11:00-11:45
11:45-12:30
9:45-10:30
11:00-11:45
11:45-12:30
9:45-10:30

11:00-11:45

11:45-12:30
9:45-10:30

11:00-11:45
11:45-12:30

Th

Tb
Tb
Tb
Tb
Th
Tb

Tb

Th
Tb

Tb
Tb

Physics Beyond Colliders — ¢JOERG JAECKEL, VARIOUS PHYSICS BEYOND COL-
LIDERS STUDY GROUP

Going the Extra Mile to Push the Frontier — e ALEXANDER MANN

Cosmic Nucleosynthesis, a Multi-Messenger Challenge — ¢ROLAND DIEHL
Moving ahead with flavor — ¢ GUDRUN HILLER

Highlights from the LHCDb experiment — eMICHEL DE CIAN

Neutrino Oscillations: Status and Prospects — ¢ ALFONS WEBER

The Higgs boson at the LHC: a glimpse under the peak — eMATTHIAS
SCHRODER

No Time to die? Scrutinizing the SM and other Top Stories — eREINHILD
YVONNE PETERS

New detector developments: The next challenges — eERIKA GARUTTI
Probing the neutrino mass scale with the KATRIN experiment — e KATHRIN
VALERIUS

The quest for precise LHC predictions — ¢JONAS LINDERT

European Strategy for Particle Physics: towards the next collider at
CERN — oURSULA BASSLER

Eingeladende Vortrige (Invited Topical Talks)

T 24.1
T 24.2

T 24.3

T 25.1
T 25.2

Tue
Tue

Tue

Tue
Tue

14:00-14:30
14:30-15:00

15:00-15:30

14:00-14:30
14:30-15:00

Tec
Tc

Tc

Td
Td

Cosmic Particles at Extreme Energies — eMICHAEL UNGER

IceCube Upgrade - The next level in precision neutrino physics at the
South Pole — eLEW CLASSEN

The NUCLEUS experiment - New physics with coherent neutrino-nucleus
scattering — eRAIMUND STRAUSS

A large Scintillating Fibre Tracker for the LHCb Upgrade — ¢X1AOXUE HAN
Assembling the flavour jigsaw (2021 edition) — eOSCAR CATA



Dortmund 2021 — T

Overview

T 25.3

T 49.1
T 49.2

T 49.3
T 50.1

T 50.2

T 50.3
T 74.1

T 74.2

T 74.3

T 75.1
T 75.2

T 75.3

Tue

Wed
Wed

Wed
Wed

Wed

Wed
Thu

Thu

Thu

Thu
Thu

Thu

15:00-15:30

14:00-14:30
14:30-15:00

15:00-15:30
14:00-14:30

14:30-15:00

15:00-15:30
14:00-14:30

14:30-15:00

15:00-15:30

14:00-14:30
14:30-15:00

15:00-15:30

Td

Tc

Tc
Td

Td

Td
Td

Td

Erste Physik mit “Full Event Interpretation” am Belle IT Experiment —
eWILLIAM SUTCLIFFE

A walk through H — 77 in the CMS experiment — eHALE SERT

Looking inside jets - jet substructure techniques and their application in
ATLAS — ¢CHRIS MALENA DELITZSCH

Real-time track reconstruction with GPUs — ¢DOROTHEA VOM BRUCH
Gamma-ray Propagation as a Probe for Cosmology and Fundamental
Physics — eMANUEL MEYER

Results and Status of the XENON Dark Matter experiment — eMICHAEL
MURRA

Opportunistic direct search for axion Dark Matter — e¢BABETTE DOBRICH
Searches for electroweak supersymmetry: highlights, coverage and limita-
tions — e JEANETTE MIRIAM LORENZ

To the top and beyond: top quarks as a probe of new interactions at the
LHC — eKATHARINA BEHR

Stress testing the Standard Model via vector-boson scattering at the LHC
— oMATHIEU PELLEN

Hunting dark matter on earth and in the sky — eKA1 SCHMIDT-HOBERG
Gravitational wave astronomy: highlights so far and future detectors —
eDAVID S. WU

Advanced Powering of Pixel and Tracking Detectors — eMARTIN LIPINSKI

Invited talks of the joint symposium “Dark Matter” (SYDM)
See SYDM for the full program of the symposium.

SYDM 1.1
SYDM 1.2

SYDM 1.3

Sessions

T 1.1-1.10
T 2.1-2.1

T 3.1-3.8

T 4.1-4.8

T 5.1-5.7

T 6.1-6.10
T 7.1-7.10
T 8.1-8.10
T 9.1-9.9

T 10.1-10.9
T11.1-11.7
T 12.1-12.9
T 13.1-13.9
T 14.1-14.9
T 15.1-15.10
T 16.1-16.9
T 17.1-17.10
T 18.1-18.9
T 19.1-19.8
T 20.1-20.9
T 21.1-21.9
T 22.1-22.10
T 23.1-23.3
T 24.1-24.3
T 25.1-25.3
T 26.1-26.10

Mon
Mon

Mon

Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Tue

Tue

Tue

Tue

10:00-10:45
10:50-11:35

11:40-12:25

16:00-18:30
16:00-16:15
16:00-18:00
16:00-18:00
16:00-17:45
16:00-18:30
16:00-18:30
16:00-18:30
16:00-18:15
16:00-18:15
16:00-17:45
16:00-18:20
16:00-18:20
16:00-18:15
16:00-18:30
16:00-18:15
16:00-18:35
16:00-18:20
16:00-18:05
16:00-18:15
16:00-18:15
16:00-18:35

9:45-12:30
14:00-15:30
14:00-15:30
16:00-18:30

PVa
PVa

PVa

New (and old) ideas on dark matter — e¢BJOERN MALTE SCHAEFER
Producing on Earth the missing matter of the Universe — ¢ ALEXANDER
GROHSJEAN

Detecting on Earth the missing matter of the Universe — eFEDERICA
PETRICCA

Ta QCD and electroweak interactions (theory)

Tb Other Topics

Te Accelerator neutrino experiments
Td Quark mixing and CP violation
Te Higgs decay in fermions I

Tf Flavour physics I
Tg Flavour physics V

Th Top quark production I

Ti Associated Higgs production and Higgs quantum numbers I
Tj Gaseous detectors

Tk Search for Supersymmetry I

Tl Search for New Particles 1

Tm  Cosmic Rays I

Pixel detectors 1

To Experimental methods I

Tp Cosmic Rays V

Tq Neutrino Astronomy I

Tr Neutrino physics without accelerators I

Ts Detector systems I

Tt DAQ, trigger and electronics I

Tu Data analysis, Information technology I

Tv Experimental techniques in astroparticle physics I
Tb  Hauptvortrige (Invited Talks) I

Tc Eingeladene Vortrige (Invited Topical Talks) I
Td Eingeladene Vortrige (Invited Topical Talks) II
Ta Higgs physics (theory)
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T27.1-277 Tue 16:00-17:45 Tb QCD1I

T 28.1-28.10 Tue 16:00-18:30 Tc Top quark production II

T 29.1-29.8  Tue 16:00-18:05 Td Top quark decay and top properties I

T 30.1-30.9 Tue 16:00-18:15 Te Higgs decay in fermions II

T 31.1-31.10 Tue 16:00-18:30 Tf Flavour physics I1

T 32.1-32.10 Tue 16:00-18:30 Tg Flavour physics VI

T 33.1-33.9 Tue 16:00-18:15 Th Cosmic Rays VI

T 34.1-34.8  Tue 16:00-18:00 Ti Extended Higgs models I

T 35.1-35.10 Tue 16:00-18:30 Tj Semiconductor Detectors - Radiation Hardness, New Materials and
Concepts

T 36.1-36.7 Tue 16:00-17:45 Tk Search for Supersymmetry II

T37.1-379  Tue 16:00-18:15 TI Search for New Particles 11

T 38.1-38.10 Tue 16:00-18:30 Tm  Data analysis, information technology II

T 39.1-39.10 Tue 16:00-18:35 Tn Pixel Detectors II

T 40.1-40.10 Tue 16:00-18:30 To Experimental methods I1

T 41.1-41.8 Tue 16:00-18:00 Tp DAQ, trigger and electronics II

T 42.1-42.10 Tue 16:00-18:30 Tq Neutrino astronomy II

T 43.1-43.10 Tue 16:00-18:30 Tr Neutrino physics without accelerators I1

T 44.1-44.10 Tue 16:00-18:35 Ts Neutrino physics without accelerators V

T 45.1-45.10 Tue  16:00-18:30 Tt Searches for Dark Matter I

T 46.1-46.10 Tue 16:00-18:30 Tu Cosmic Rays I1

T 47.1-47.10 Tue 16:00-18:30 Tv Experimental techniques in astroparticle physics I1

T 48.1-48.3 Wed  9:45-12:30 Tb  Hauptvortrige (Invited Talks) II

T 49.1-49.3  Wed 14:00-15:30 Tc Eingeladene Vortrige (Invited Topical Talks) III

T 50.1-50.3 ~ Wed 14:00-15:30 Td  Eingeladene Vortrige (Invited Topical Talks) IV

T 51.1-51.10 Wed 16:00-18:30 Ta  BSM physics (theory)

T 52.1-52.8  Wed 16:00-18:00 Tb Top quark decay and top properties II

T 53.1-53.10 Wed 16:00-18:30 Tc Electroweak Interactions I

T 54.1-54.10 Wed 16:00-18:30 Td Cosmic Rays III

T 55.1-55.10 Wed 16:00-18:30 Te Bosonic and Rare Higgs decays

T 56.1-56.10 Wed 16:00-18:30 Tf Flavour physics ITT

T 57.1-57.8 Wed 16:00-18:00 Tg Calorimeters 1

T 58.1-58.9 Wed 16:00-18:25 Th Gamma astronomy I

T 59.1-59.9 Wed 16:00-18:15 Ti Extended Higgs models II

T 60.1-60.9 Wed 16:00-18:15 Tj Silicon Strip Detectors I

T 61.1-61.9 Wed 16:00-18:15 Tk Search for New Particles 111

T 62.1-62.7 Wed 16:00-17:45 Tl Search for New Particles V

T 63.1-63.8 Wed 16:00-18:00 Tm Detector Systems II

T64.1-64.9 Wed 16:00-18:15 Tn Pixel Detectors III

T 65.1-65.10 Wed 16:00-18:30 To Experimental methods III

T 66.1-66.9 Wed 16:00-18:15 Tp DAQ, trigger and electronics ITI

T 67.1-67.10 Wed 16:00-18:30 Tq Neutrino astronomy III

T 68.1-68.9 Wed 16:00-18:20 Tr Neutrino physics without accelerators I11

T 69.1-69.10 Wed 16:00-18:35 Ts Neutrino physics without accelerators VI

T 70.1-70.10 Wed 16:00-18:30 Tt Searches for Dark Matter II

T71.1-71.9 Wed 16:00-18:15 Tu Data analysis, Information technology IIT

T 72.1-72.10 Wed 16:00-18:30 Tv Experimental techniques in astroparticle physics II1

T 73.1-73.3 Thu  9:45-12:30 Tb  Hauptvortrige (Invited Talks) III

T 74.1-74.3  Thu 14:00-15:30 Tc Eingeladene Vortrige (Invited Topical Talks) V

T 75.1-75.3  Thu 14:00-15:30 Td Eingeladene Vortrige (Invited Topical Talks) VI

T 76.1-76.10 Thu 16:00-18:30 Ta Outreach Methods

T 77.1-77.8 Thu 16:00-18:00 Tb QCD 11

T 78.1-789  Thu 16:00-18:15 Tc Electroweak Interactions II

T79.1-79.9 Thu 16:00-18:15 Td Top quark production ITI

T 80.1-80.10 Thu 16:00-18:35 Te Cosmic Rays IV

T 81.1-81.10 Thu 16:00-18:30 Tf Flavour physics IV

T 82.1-829 Thu 16:00-18:15 Tg Calorimeters I1

T 83.1-83.10 Thu 16:00-18:35 Th Gamma astronomy II

T 84.1-849 Thu 16:00-18:15 Ti Associated Higgs production and Higgs quantum numbers II

T 85.1-85.8 Thu 16:00-18:00 Tj Silicon Strip Detectors II

T 86.1-86.8 Thu 16:00-18:00 Tk Search for New Particles IV



Dortmund 2021 — T

Overview

T 87.1-87.9
T 88.1-88.9
T 89.1-89.8
T 90.1-90.10
T 91.1-91.6
T 92.1-92.10
T 93.1-93.10
T 94.1-94.10
T 95.1-95.10
T 96.1-96.7
T 97.1-97.10
T 98

T 99.1-99.3

Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Fri

16:00-18:15
16:00-18:15
16:00-18:00
16:00-18:35
16:00-17:30
16:00-18:30
16:00-18:30
16:00-18:35
16:00-18:30
16:00-17:45
16:00-18:30
19:00-21:00

9:45-12:30

T1
Tm
Tn

Extended Higgs Models III

Detector Systems III

Pixel Detectors IV

Muon detectors

GRID computing

Neutrino astronomy IV

Neutrino physics without accelerators IV

Neutrino physics without accelerators VII

Searches for Dark Matter III

DAQ, Trigger and Electronics IV

Experimental techniques in astroparticle physics IV
General assembly - Particle Physics Division (for DPG members)
Hauptvortrige (Invited Talks) IV

Annual General Assembly of the Particle Physics Division (for DPG members)

Thursday 19:00-21:00 Ta

e Report: Division Particle Physics and Section Matter and Cosmos

e Decision to be taken: Enlargement of DPG Section Matter and Cosmos (SMuK) by Division Plasma Physics?

e Election: chair and vice chair of Division Particle Physics for period June 1, 2021 - May 31, 2023.

e Decision to be taken: Future meeting venues (in particular in 2025)

e AOB

General Discussion: Format of spring meeting in 2021 and in the future
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T 1: QCD and electroweak interactions (theory)

Time: Monday 16:00-18:30

T 1.1 Mon 16:00 Ta
Soft Gluon Resummation for the Associated Single Top and
Higgs Production at the LHC — eLaura MORENO VALERO!,
ANNA KuLeszal, and VINCENT THEEUWEs? — lInstitut fiir Theo-
retische Physik, Westfalische Wilhelms Universitdt Miinster, Deutsch-
land — 2Institut fiir Theoretische Physik, Georg-August-Universitit

Gottingen, Deutschland

Processes involving the Higgs boson and the top quark are of high
interest in searches for BSM physics because they allow to directly
measure the top Yukawa coupling. Although it has a relatively small
cross section, the single top and Higgs production process pp — Htj
is particularly sensitive to new physics, calling for precise theoretical
predictions. For many processes at the LHC, a reduction of theo-
retical uncertainties can be achieved by means of resummation tech-
niques, accounting for large logarithmic corrections, which originate
from soft gluon emissions. In this talk, we discuss extending the preci-
sion with which theoretical predictions for the s-channel tHj production
are known from NLO (next-to-leading order) to NLO+NLL (next-to-
leading logarithmic matched to NLO) accuracy.

T 1.2 Mon 16:15 Ta
Soft gluon resummation for single leptoquark production
at the LHC — eFausTo FRrisENNA, ANNA KuLEszA, and DANIEL
SCHWARTLAENDER — WWU, Institut fiir Theoretische Physik, Muen-
ster, Germany

Leptoquarks provide one of the most promising explanations to the
hints of lepton flavor non-universality in B decays. At the LHC, a sin-
gle leptoquark can be directly produced together with a lepton in the
final state. For TeV-scale leptoquarks, theoretical predictions can be
improved by resumming large logarithmic corrections originating from
soft gluon emissions. In this talk we discuss how to perform threshold
resummation in Mellin space for single leptoquark production.

T 1.3 Mon 16:30 Ta
Automating the calculation of jet functions in SCET — Guipo
BEeLL, ¢KEVIN BRUNE, GouTaM Das, and MArRCEL WALD — Center
for Particle Physics Siegen, Theoretische Physik 1, Universitat Siegen

In pertubative QCD large logarithms can arise in the computation of
collider observables. These logarithms can be resummed via factor-
ization theorems within Soft-Collinear Effective Theory(SCET). The
factorization theorems contain jet functions, which describe collinear
interactions. In this talk I present a systematic framework for the
computation of jet functions for generic observables. For this pur-
pose we introduce a phase space parametrization which allows the
factorization of universal singularities of jet functions. We have imple-
mented this framework for different observables, by using the public
code "pySecDec” to compute the next-to-leading order and part of the
next-to-next-to-leading order jet function.

T 1.4 Mon 16:45 Ta
On the automated calculation of beam functions in Soft-
Collinear Effective Theory — Guipo BeLL, KevIN BRUNE,
GoutaMm Das, and eMaARrRcEL WALD — Center for Particle Physics
Siegen, Theoretische Physik 1, Universitdt Siegen

Over the last decades, factorization theorems became an important
method to tackle problems in perturbative QCD, especially within the
framework of effective field theories. In Soft-Collinear Effective The-
ory, these factorization theorems include beam functions accounting
for the initial-state collinear interactions. While these functions have
been calculated case by case for different observables until now, we are
investigating an automated approach for a general class of observables.
For this, we study a general phase-space parameterization which fac-
torizes the singularities of the beam function in an universal way. This
approach has been implemented in the public code ”pySecDec” in order
to calculate the next-to-leading order and part of the next-to-next-to
leading order beam function.

T 1.5 Mon 17:00 Ta
Investigation of Intrinsic kT and DY processes — eMIKEL
MEenDIZABAL and HANNEs Jung — DESY (Deutsches Elektronen-
Synchrotron DESY), Hamburg, Germany

With Parton Branching (PB) we are able to describe the parton evo-

Location: Ta

lution in terms of transverse momentum dependent parton density
functions (TMDs). We present an application of PB-TMDs to Drell-
Yan (DY) production, where the PB-TMDs are matched to MC@NLO
matrix element. We compare our predictions to a wide DY mass
range (NuSea /s = 38.8 GeV, LHC /s = 8,13 TeV), showing a good
agreement with measurements. In addition, we study the role of non-
perturbative effects in the PB approach at NLO, specifically, the role
of the intrinsic, non-perturbative k7 distribution.

T 1.6 Mon 17:15 Ta
Charm quark mass effects to Upsilon decays — MATTHIAS
STrINHAUSER!, JaN Procrum?, Kay ScHONwALD!, MaTTEO FAERL!,
and eMAaANUEL EceNEr! — Karlsruher Institut fiir Technologie —
2Universitit Siegen
The decay of the T(1.5) meson is described within non-relativistic QCD
where an important building block is given by the matching coefficient
of the vector current. We compute two-loop corrections to this quan-
tity for bottom quarks including the dependence of the charm quark
mass. Details to the calculation are provided. In the second part of
the talk we will discuss the decay of the Y(1S) meson into leptons
including perturbative corrections up to order ag. Full charm quark
mass dependence is taken into account up to order a2.

T 1.7 Mon 17:30 Ta
Heavy-quark hadro-production at next-to-leading-order in
QCD and beyond. — eYEwON YaNG and SVEN-OrLAF MocH —
Universitat Hamburg, Hamburg, Germany

Heavy-quark hadro-production is accessible to quantum chromody-
namics (QCD) perturbation theory for heavy quark mass scales which
are larger than the QCD scale. The talk reports on phenomenological
results for heavy-quark pair production beyond next-to-leading-order
(NLO) for the hard scattering in combination with modern parton
distribution functions (PDFs).

Transverse momentum and rapidity distributions beyond NLO are
obtained using single-particle inclusive kinematics where the threshold
logarithms are resummed to derive approximate fixed-order perturba-
tive corrections at next-to-next-to-leading-order (NNLO). For the total
inclusive cross section, complete predictions at NNLO are used, which
include also the contributions from the high energy limit. These com-
plete predictions at NNLO for total cross section are compared with
four different modern PDF sets in proton-proton collisions at 7, 8 and
13 TeV hadronic center-of-mass energy for the Large Hadron Collider.

T 1.8 Mon 17:45 Ta
Mixed NNLO QCD xelectroweak corrections of O(Nyasa) to
single-W /Z production at the LHC — eJaN ScHwaRrz!, STEFAN
Drrrmaier?, and Timo ScumipT? — ! Albert-Ludwigs-Universitét
Freiburg — 2Universitit Wiirzburg

Owing to its clean experimental signature and its high cross section the
Drell-Yan-like W/Z production is among the most important processes
at the LHC. Drell-Yan-like processes can be used for a variety of appli-
cations, e.g., for detector calibration or measuring the W-boson mass
and beyond that are also an important SM background for searches
of new physics. On the theoretical side the O(asa) corrections seem
to be the largest missing fixed order part, and in recent years it has
been possible to get a handle on these corrections in the vicinity of the
pole corresponding to the on-shell production of Drell-Yan-like W/Z
bosons using, e.g., so-called pole approximations (PA). However, since
new physics like the production of Z’ or W/ might show up for example
in the tails of invariant mass spectra, the theoretical uncertainty on the
SM background has to be controlled in these off-shell regions of phase
space where the PA is not applicable. Therefore, a full off-shell calcu-
lation of the O(asa) corrections is desirable. In this talk we present
results on the radiative corrections of order O(Nyasa) for the off-shell
production of W or Z bosons at the LHC, where Ny is the number
of fermion flavours. These corrections form a gauge-invariant part of
the next-to-next-to-leading-order corrections of mixed QCDXEW type
and include all diagrams at O(asa) with closed fermion loops.

T 1.9 Mon 18:00 Ta
Electroweak Corrections for W+TW~ Scattering — eROBERT
FrankeEN — JMU Wiirzburg
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Vector boson scattering (VBS) processes are a very good testing ground
for the validity of the Standard Model (SM) and electroweak symme-
try breaking in general. Over the last few years, Atlas and CMS have
been able to measure the cross sections of VBS. To search for devi-
ations, it is important to have precise predictions for VBS processes
within the SM. Whilst only the QCD NLO predictions were available
for some time, recently electroweak corrections have become available
for the like-sign WW, WZ and ZZ scattering, and turned out to be
at the the level of 15% for fiducial cross sections. In this talk we re-
port on our efforts to calculate the NLO EW corrections to opposite
sign WW scattering and the complete NLO corrections to the process

pp — e T veugg.

T 1.10 Mon 18:15 Ta

ARGES — Advanced Renormalisation Group Equation Simpli-
fier — eToMm STEUDTNER'? and Danier Litim? — !Fakultét fiir
Physik, TU Dortmund, Otto-Hahn-Str. 4, D-44221 Dortmund, Ger-
many — 2Department of Physics and Astronomy, University of Sussex,
Brighton, BN19QH, United Kingdom

I will present ARGES, a Mathematica toolkit for obtaining perturbative
renormalisation group equations in arbitrary four-dimensional QFTs.
The framework exhibits several distinctive features from similar soft-
ware: the computation is symbolic rather than numeric, input of un-
conventional scalar and Yukawa sectors is allowed, the evaluation and
disentanglement of couplings is interactive and there are capabilities
to inject algebraic simplification rules. I will give a conceptual and
practical introduction, highlight differences to existing packages, and
provide an outlook on applications.

T 2: Other Topics

Time: Monday 16:00-16:15

T 2.1 Mon 16:00 Tb
A Particle Model that Yields a Bunch of Solutions —
e ALBRECHT GIESE — Taxusweg 15, 22605 Hamburg

We will present a particle model which differs considerably from that
used in present-day physics but yields important benefits compared to
the latter.

The essential difference is that every fermion is considered to be
made of two sub-particles which are massless and orbit each other at
the speed of light. The mass of the overall particle is caused by the
fundamental physical fact that every extended object inevitably has
inertia.

The particle model is in no conflict with experimental results since
this type of configuration has never been tested. The fairly simple for-

Location: Tb

mula for mass does not have any adjustable parameters, but it yields
the mass of e.g. an electron to within 3*10**-6 of the measurement.

The model assumes that the constituents are bound by the strong
force. The shape of the force field is such that the bond depends crit-
ically on the conformity of the particles’ sizes. This explains why e.g.
leptons and quarks do not interact noticeably through the strong force;
and also why different types of quarks do not normally interact.

The model further allows the quantitative deduction of particle prop-
erties such as the Bohr magneton, the magnetic anomaly, the energy to
frequency relation and the fine structure constant alpha, as well as the
constancy of spin. And it provides the fundamental causes of special
as well as general relativity.

Introductory information on: www.ag-physics.org/rmass

T 3: Accelerator neutrino experiments

Time: Monday 16:00-18:00

T 3.1 Mon 16:00 Tc
Hydrogen-rich Gases for High Pressure Time Projection
Chambers at Neutrino Beamlines — ePHIiLIP HAMACHER-
BaumanN, Nick THAMM, THOMAS RADERMACHER, and STEFAN
Rora — RWTH Aachen University - Physics Institute 1II B, Aachen,
Germany

DUNE’s near detector complex foresees a magnetized high-pressure
gaseous time projection chamber (HPgTPC) as part of its detector
suite. The gaseous active volume results in a very low detection thresh-
old with high particle-identification power and large acceptance for
tracking, especially for interactions on the gas itself. Neutrino in-
teractions on hydrogen nuclei in the drift gas can be extracted with
the transverse kinematic imbalance method to produce intra-nucleon-
interaction-free neutrino samples. For design and development of a
pressurized TPC, it is essential to quantify and validate electron swarm
parameters, such as drift velocity or diffusion, to ensure performance
at large detector scales. In this presentation, I will discuss how electron
swarm parameters of drift gas mixtures perform at higher than atmo-
spheric pressures. Additionally, a study of a choice of hydrogen-rich
gas mixtures for consideration in HPgTPC is presented in addition to
measurements in a test chamber. The results are assessed with respect
to performance at 10 bar pressure in HPgTPC.

T 3.2 Mon 16:15 Tc
Status of the ESSvSB Target Station — eTaAMER ToLBa — In-
stitut fiir Experimentalphysik, Universitdt Hamburg, Hamburg - Ger-
many

In the quest to discover CP-violation in the leptonic sector, a crucial
information has been obtained from reactor experiments demonstrat-
ing that the value of the third neutrino-mixing angle, 013, is higher
than its previously defined standard value. In the light of this new
finding, an urgent need has arisen to improve the detection sensitiv-
ity of the current long-baseline detectors, with a key modification to
place the far detectors at the second, rather than the first, oscillation
maximum.

Location: Tc

The European Spallation Source Neutrino Super Beam (ESSvSB)
aims at searching for CP-violation in the leptonic sector, at 5o sig-
nificance level in more than 60% of the leptonic Dirac CP violating
phase range, and measuring the CP phase angle with high precision
by setting the neutrino source-to-detector distance, the baseline, at the
second oscillation maximum. Several technological challenges must be
precisely studied and simulated before addressing the design of the
ESSvSB detector. Among these, the finite element and physics simu-
lations of the target station and the neutrino beam are considered to
be highest priority at this phase of the ESSvSB project.

Here I will shed light on the current target station design physics
and FEA simulation efforts of the ESSvSB WP4 working group.

T 3.3 Mon 16:30 Tc
A Highly Granular Electromagnetic Calorimeter Concept for

the DUNE Near Detector — eLorENz EMBERGER!, ELDWAN
Brianng?, and Frank Simon! — Max-Planck-Institut fiir Physik
— 2DESY

The Near Detector (ND) of the Deep Underground Neutrino Experi-
ment (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 interac-
tions and BSM models. The 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 high pressure
gaseous Argon Time Projection Chamber (TPC), surrounded by an
electromagnetic calorimeter (ECAL) and a muon system. One key
aspect of the ECAL is the reconstruction of neutral particles such as
neutral pions and potentially neutrons. Together with the muon sys-
tem, the ECAL also extends the detector’s separation capability of
muons and pions. We present a 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. Additionally, we will touch on first ECAL perfor-
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mance evaluations and the separation of muons and pions using a full
GEANT4 detector simulation.

T 3.4 Mon 16:45 Tc
Scintillator material studies to reconstruct neutrons at the
ECAL of DUNE Near Detector — eAsvma HADEF, ANTOINE
LAUDRAIN, VOLKER BUSCHER, Lucia MASETTI, and SEBASTIAN RiIT-
TER — Johannes Gutenberg Universitdt, Mainz, Germany

The Deep Underground Neutrino Experiment (DUNE) seeks to revo-
lutionize our understanding of neutrinos and their role in the universe.
The DUNE near detector (ND) is located near the neutrino source and
is a crucial part of a precision measurement of the CP violating phase.
It needs to measure neutrino interactions with high detection efficiency,
superior identification of charged and neutral particles and precise en-
ergy reconstruction. The electromagnetic calorimeter (ECAL) of the
ND should be in particular sensitive to neutrons with energies of hun-
dreds of MeV that interact inside the plastic scintillator or nearby. By
precisely measuring the time and position of a neutron-induced hit, it
is possible to determine the neutron kinetic energy via time of flight.
In this talk, an experimental setup to study the scintillator material to
identify neutron interaction with respect to the background by using
pulse shape discrimination (PSD) with plastic scintillators and silicon
photomultipliers (SiPMs) will be presented.

T 3.5 Mon 17:00 Tc
Dual Cherenkov /Scintillation Reconstruction in Water-based
Liquid Scintillator — eDANIELE GUFFANTI, MANUEL BOHLES, NILS
Brast, HANs STEIGER, and MicHAEL WURM — Institute of Physics
and Excellence Cluster PRISMA, Johannes Gutenberg-Universitét
Mainz, 55099 Mainz, Germany

One of the most intriguing possibilities for the next generation of neu-
trino experiments consists in large hybrid Cherenkov/Scintillation de-
tectors, made possible by recent innovations in photodetection tech-
nologies and liquid scintillator chemistry such as Water-based Liqg-
uid Scintillators and Slow Scintillators. Being able to exploit both
Cherenkov and Scintillation photons can bring significant improve-
ments to the sensitivity of an experiment, enhancing energy and track
reconstruction. This possibility is particularly interesting for hadronic
interactions, which can be studied on an extracted beamline with a
ton-scale experiment.

T 3.6 Mon 17:15 Tc
The ANNIE experiment — eMicHAEL NiIEsLoNY, DaviD Mak-
simovic, DANIELE GUFFANTI, and MicHAEL WURM for the ANNIE-
Collaboration — Johannes Gutenberg University, Mainz, Germany

The Accelerator Neutrino Neutron Interaction Experiment (ANNIE) is
a Gadolinium doped water Cherenkov detector located in the Booster

T 4: Quark mixing

Time: Monday 16:00-18:00

T 4.1 Mon 16:00 Td
Reconstruction of tau lepton decay planes for analysing the
Higgs CP at CMS — Mare Farkas?, OLENa HLUSCHENKO?,
Worrcang Louman’2, Dennis Rov?, HALE SERT?, SEBASTIAN
SIEBERT2, AcHIM STAHL?, eLucas WieNs!'2, and ALEXANDER ZoTz?
— IDeutsches Elektronen-Synchrotron (DESY), Hamburg — 2III.

Physikalisches Institut B, RWTH Aachen University, Germany

One of the three Sakharov conditions states that CP violation is needed
to explain the matter-antimatter symmetry in our universe. In order
to find more occurances of CP violation, the Higgs Boson is now being
investigated, so one can find out whether or not it is the CP-even Higgs
Boson of the Standard Model or if it is in a mixed state of CP-even
and CP-odd and a gateway to new physics. This analysis uses the
Run 2 data of 2017 collected by the CMS detector corresponding to
an integrated luminosity of 41.5fb~! in proton-proton collisions with
a centre-of-mass energy of 13TeV. Selecting events with a Higgs Bo-
son decaying into a pair of tau leptons, one will find that the tracks
of the tau daughters do not intersect with the interaction point. The
minimal distance of such a displaced track and the interaction point
is called an impact parameter and can be used in conjunction with
the daughter particles momentum to reconstruct the decay plane for
each tau lepton. The angle between these two planes is sensitive to

Neutrino Beam at Fermilab with the primary goal of measuring the fi-
nal state neutron multiplicity of neutrino-nucleus interactions. ANNIE
will make use of pioneering photodetectors called Large Area Picosec-
ond Photodetectors (LAPPDs) with less than 100 picosecond time res-
olution to enhance its reconstruction capabilities and demonstrate the
feasibility of this technology as a new tool in high energy physics. This
talk will present an overview of recently taken ANNIE beam commis-
sioning and calibration data and outline the framework for the upcom-
ing neutron multiplicity analysis. Furthermore, additional future R&D
efforts involving the use of the novel detection medium of water-based
Liquid Scintillators will be briefly highlighted.

T 3.7 Mon 17:30 Tc
The T2K Near Detector Upgrade — PHIiLIP HAMACHER-
Baumann, Pavna NenM, Paorina NoLL, THOMAS RADERMACHER,
STEFAN RoTH, DaviD SmyczeEk, and eNick THamm — RWTH
Aachen University - Physics Institute III B, Aachen, Germany

The Tokai to Kamioka (T2K) long baseline neutrino oscillation exper-
iment is entering the next phase (T2K-II) with increased beam power
of up to 1.3 MW. To match the reduced statistical uncertainty an
upgrade of the near detector (ND280) is planned to increase the detec-
tor acceptance and therefore reduce the systematic uncertainties. In
the upstream part a 3D fine-grained scintillator target, a time-of-flight
system and two time projection chambers (TPCs) will be installed.
These new High Angle TPCs (HATs) will cover the phase space of
neutrino scattering with the final state lepton scattered at a large an-
gle. Improved momentum resolution and particle identification will be
achieved by using resistive bulk micromegas technology. Installation
is scheduled for the year 2021 with first data taking starting in 2022.
In this talk first tests of a prototype HAT including gas monitoring
chambers will be presented.

T 3.8 Mon 17:45 Tc
Pattern Recognition Algorithm for the High Angle TPCs
of the T2K Near Detector Upgrade — PuiLir HAMACHER-
BaumanN, ePaurLa NEHM, Paorina NoLL, THOMAS RADERMACHER,
STEFAN RoTH, Davib SmMyYczeK, and Nick TnaMM — RWTH Aachen
University - Physics Institute III B, Aachen, Germany

The T2K near detector upgrade includes the addition of two High An-
gle Time projection chambers (HATSs). They will increase the selection
efficiency of leptons for scattering angles larger than ca. 40 degrees by
achieving a full polar angle coverage for muons produced in CC events.
For these HATSs the reconstruction algorithm needs to be reworked. As
a first step the pattern recognition algorithm of the already installed
time projection chambers of the T2K near detector has been adapted
for the new HATs. This as well as the readjustment of the parameters
of the algorithm to the new geometry will be presented.

and CP violation

Location: Td

the Higgs CP and thus it is vital to select well reconstructed impact
parameters.

T 4.2 Mon 16:15 Td
Time-dependent measurement of CP  violation in
Bg — D;'_DS_ and B® - D+*D— decays with the LHCDb ex-
periment — Louls GERKEN, PHILIPP IBIS, and e ANTJE MODDEN —
Experimentelle Physik 5, TU Dortmund

To test the Standard Model of particle physics and search for New
Physics, the LHCb experiment performs precision measurements, e.g.
decay-time-dependent measurements of CP violation in decays of neu-
tral B mesons.

In the topologically similar decays BY — Df Dy and B® — DT D,
the weak mixing phases ¢s and sin(2f) can be measured in the interfer-
ence between the direct decay and the decay after BY , — BY | mixing.
A decay-time-dependent analysis is performed with data corresponding
to an integrated luminosity of 6 fo—! recorded by the LHCb experiment
from 2015 to 2018 at a centre-of-mass energy of 13 TeV.

The modelling of the decay-time-dependent efficiency, the calibra-
tion of the decay-time resolution, and the calibration of the Flavour
Tagging will be presented in this talk.
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T 4.3 Mon 16:30 Td
Measurement of CP violation in B — 1/1Kg. decays with
the LHCb detector using the full Run II data — Vukan
JEvTic, PaTtrick MAckowiak, and eGERWIN MEIER — Experi-
mentelle Physik 5, TU Dortmund

The measurement of the CKM angle S is an important precision
test of the Standard Model. The golden mode of this observable is
B — J/ng7 because of its domination by tree-level amplitudes.
With new reconstruction types of the Kg and the combination of dif-
ferent decay channels it is possible to increase the statistical sensitivity
to the most precise measurement of this quantity.

In this talk the current status of the C'P violation measurement
in the decays B® — J/¢(— Zi6¥)Kg~(—> afxF) with £ = e, and
B® — ¢(28)(— ptuT)KE(— 7FaT) will be presented for the full
LHCb Run II dataset, which corresponds to 6 fb~1.

T 4.4 Mon 16:45 Td
Measurement of the Bg oscillation frequency Amg with
B? —» D7t decays at the LHCb experiment — eQUENTIN
FonriNnGg and KeviN HEINICKE — Experimentelle Physik 5, TU Dort-
mund

The BY — Eg oscillation frequency Amgs is equivalent to the mass dif-
ference of the BY mass eigenstates. This frequency is an important
Standard Model measurement in its own right, and a precise measure-
ment is crucial for reducing the systematic uncertainties associated
with time-dependent CP violation measurements in the BY — §2 sys-
tem.

At the LHCb experiment, the parameter Ams has previously been
measured using data of Bg — Dy wt decays, recorded in 2011, corre-
sponding to an integrated luminosity of Line = 1.0fb~1. In this talk,
an updated measurement of Amg is presented. The analysis uses an
larger dataset, recorded with the LHCb experiment between 2015 and
2018, corresponding to an integrated luminosity of Lin = 5.7fb~1.

T 4.5 Mon 17:00 Td
Measurement of CP violation in B9 — DYD; and
B? — DY D~ decays with the LHCb experiment — eLouIs
GERKEN, PuiLipp IB1s, and ANTJE MODDEN — Experimentelle Physik
5, TU Dortmund

The LHCb experiment performs measurements of CP violation to test
the Standard Model of particle physics. CP-violation parameters, such
as ¢s and sin(2/3), can be measured in b — ¢¢s and b — c¢cd transitions,
respectively. These phases occur in the interference between the direct
decay of the B?S) meson and the decay after mixing. In the topologi-
cally similar decays B — DI Dy and B® — DT D~ a time-dependent
measurement of CP violation can be performed.

In this talk, the selection of Bg — D;"Ds_ and BY — Dt D~ can-
didates for these CP-violation measurements will be presented. The
analysis uses data collected by the LHCb detector during 2015 to 2018
at a centre-of-mass energy of 13 TeV corresponding to an integrated
luminosity of 6 fb~1.

T 4.6 Mon 17:15 Td
Event reconstruction techniques in the context of a Higgs bo-
son CP analysis in the di-tau lepton final state with the CMS
experiment — OLENA HLUSHCHENKO, SVEN KRAUSSE, WOLFGANG

LonmaNN, DENNIS Roy, HALE SERT, SEBASTIAN SIEBERT, ACHIM
STAHL, and @ ALEXANDER Z0oTZ — RWTH Aachen University - Physics
Institute III B, Aachen, Germany

In 2020 the first measurement of the effective CP mixing angle in Higgs
boson decay into two tau leptons has been performed by the CMS ex-
periment. It was determined to be (4 +17)° using the Run 2 data set
of pp collisions of 137fb~! integrated luminosity. The mixing angle
was extracted from a distribution of angles between the decay planes
of the tau lepton decay products in the H — 77 decay. In the case
of hadronic tau lepton decays via the intermediate a; resonance 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 aja; final state suf-
fers from a small branching fraction and therefore these improvements
have a neglible effect on the overall sensitivity once all final states are
included. In this talk, an extension of the polarimetric vector method
via the inclusion of final states with an a1 decay on one side and a sin-
gle charged lepton or hadron on the other side of the H — 77 decay is
presented. To reconstruct the event a kinematic fit with external con-
straints is used and the potential improvement on the measurement of
the CP mixing angle is discussed.

T 4.7 Mon 17:30 Td
Background studies in B0 mixing to hadronic final states
at the Belle 2 experiment — eCaspAr ScHMITT and THIBAUD
TaUMAIR for the Belle II-Collaboration — Max Planck Institute for
Physics, Munich, Germany

The Belle II experiment at the SuperKEKB electron-positron collider
started taking data in 2018. In this talk, we will focus on time-
dependent measurements for B mesons using the new Pixel Vertex
Detector. The increased precision on the vertex reconstruction will
help to better constrain the CKM sector of the Standard Model of
particle physics.

After shortly reviewing the first Belle II time-dependent measure-
ments on CP violation and the mixing frequency in the BO sys-
tem, we will illustrate the various improved techniques being devel-
oped to achieve a high precision measurement of the BO mixing fre-
quency. These notably include the understanding and modelling of
backgrounds and the decay time resolution in fully hadronic BO de-
cays.

T 4.8 Mon 17:45 Td
Measurement of CP violation in B} — JApKQ3 decays at
LHCb — eVukaN JeEvTIic, PaTrick Mackowiak, and GERWIN
MEIER — Experimentelle Physik 5, TU Dortmund

With larger datasets collected by the LHCb detector and with the
start of Belle II, future measurements of sin(243) in the golden mode
BY — J/ng will be systematically limited by penguin contributions.
One way to constrain these contributions is through the measurement
of CP-violation parameters in the closely related mode B? — JAap K3,
where the tree-level decay is Cabibbo suppressed and penguin con-
tributions are significant. The higher oscillation frequency of the B2
meson and the lower branching fraction of this channel add to the chal-
lenges of this analysis, which uses the full Run II dataset collected by
the LHCb experiment. In this talk the current status of the analysis
will be presented.

T 5: Higgs decay in fermions |

Time: Monday 16:00-17:45

T 5.1 Mon 16:00 Te
Evidence for Higgs boson decays to muons — ToBias KRAMER,
PETER SCHLEPER, @ OLIVER RIEGER, and TORBEN LANGE — Univer-
sitdt Hamburg

A search for Higgs boson decays to muons in the top quark-antiquark
pair associated Higgs boson production is presented. The analysis
serves as a part of a combined result based on four complementary
analysis channels which address the ggH, VBF, VH, and ttH Higgs bo-
son production modes. The results are presented using proton-proton
collision data at 13 TeV, corresponding to an integrated luminosity
of 137 fb~! recorded by the CMS experiment. After the definition
of an exclusive ttH production channel, events are classified into sub-

Location: Te

categories using boosted decision trees. The signal is extracted by a
simultaneous fit to the dimuon mass distribution in all BDT-based
subcategories, where the background is estimated directly from data.
The combination of all four Higgs boson production channels observes
an excess of events at myg = 125.38 GeV with a significance of 3.0
standard deviations, where the expectation for the SM Higgs boson is
2.5. This result constitutes the first evidence for decays of the Higgs
boson to second generation fermions.

T 5.2 Mon 16:15 Te
Measurement of the Higgs boson coupling to 7 leptons us-
ing a multi-class neural network — eFRANK SAUERBURGER,



Dortmund 2021 — T

Monday

DANIELE ZANzI, KARSTEN KONEKE, and CHRISTIAN WEISER —
Albert-Ludwigs-Universitit Freiburg, Freiburg, Deutschland

A multivariate analysis using a multi-class neural network to measure
the Standard Model coupling of the Higgs boson to 7 leptons (H — 77)
is presented. The analysis focuses on the signal region enriched in
vector-boson-fusion (VBF) events. The background is estimated with
a combination of Monte Carlo simulation and data-driven methods.
A neural network is trained on multiple event categories of the back-
ground and signal model and employed to select VBF-like events. The
rejection of background events and signal events originating from the
gluon-fusion Higgs production mechanism increases the sensitivity of
the analysis by increasing the signal to background ratio and reducing
the systematic uncertainties of the theoretical prediction. The analysis
is performed using the full Run 2 dataset of proton-proton collisions at
a center-of-mass energy /s = 13 TeV corresponding to an integrated
luminosity of 139 fb~! recorded with ATLAS detector at the LHC be-
tween 2015 and 2018.

T 5.3 Mon 16:30 Te
Measurements of Simplified Template Cross Sections in the
H— 77 decay channel at the ATLAS experiment — eFABIAN
BEcHERER, DAaviD HOHN, MARKUS SCHUMACHER, and VALERIE LANG
— Albert-Ludwigs-Universitét Freiburg

The measurement of Simplified Template Cross Sections (STXS) is a
strategy to study the Higgs boson at the LHC. The measurements of
the signal strength p and coupling modifiers k used in Run 1 make use
of assumptions, such as the Standard Model kinematics or extrapolat-
ing from the measured phase space to the global phase space. These
assumptions introduce theoretical uncertainties on the determined re-
sults and dependencies on the underlying physics model. The STXS
technique allows the reduction of theory dependencies in a systematic
way, which are directly folded into the measurements. It provides more
finely-grained measurements of cross sections in well-defined phase-
space regions. These measurements will benefit from the global com-
bination of the measurements in all decay channels and the higher cross
section for the Higgs boson production at y/s=13 TeV in Run 2. Fur-
thermore, the common definition used by the ATLAS and CMS exper-
iments will simplify a combination across them. This talk will focus on
the optimization of the H— 77 decay channel analysis strategy of the
ATLAS experiment for the full Run 2 data set. These measurements
form an important input to combined STXS results, in particular for
vector boson fusion and high transverse momentum topologies.

T 5.4 Mon 16:45 Te
The H — 77 couplings measurement as an example to validate
fit models — eMicHAEL HUBNER, PHILIP BECHTLE, KLAUS DESCH,
and CHRISTIAN GREFE — Universitdt Bonn

With increasing statistics of the pp collision data recorded by the AT-
LAS experiment at the LHC, the focus of measurements of known
processes shifts more and more to precision measurements. Such an
example is the measurement of the H — 77 couplings in multiple
phase space regions which can be interpreted in the Simplified Tem-
plate Cross Section framework. This is an example of how fit models
can grow more complex due to an increasing number of phase space
regions and/or processes to consider.

This talk will introduce concepts of how to validate such complex
fit models. Different individual steps of this validation process, each
one involving elaborate statistical methods, will be discussed. Possi-
ble conclusions and interpretations of the results of these steps will be
discussed.

T 5.5 Mon 17:00 Te
Optimization of neural networks considering systematic un-
certainties — eGEess1 Risto!, STEFAN Wunscu!2, RoceEr WoLF!,
and GUENTER QuasT! — 1Karlsruhe Institute of Technology, Insti-
tute of Experimental Particle Physics, Karlsruhe, Germany — 2CERN,
Geneva, Switzerland

Machine learning based data analysis strategies have shown an im-
proved performance for many measurements in high-energy physics.
This work presents a novel method of neural network optimization
based on binned Poisson likelihoods with nuisance parameters to in-
tegrate the influence of systematic uncertainties in the training objec-
tive. We show with simple examples using pseudo-experiments and
examples from high-energy physics that such an analysis strategy can
result in an optimal measurement, and demonstrate an application of
this method on a reduced CMS dataset used for the machine learning
based SM STXS analysis of the Higgs to two tau leptons channel of
CMS.

T 5.6 Mon 17:15 Te
Search for resonant HH — 47 production with the ATLAS
detector — eDoMmiNIk WEISs, HENRIK JUNKERKALEFELD, CHRIS-
TIAN GREFE, PHILIP BECHTLE, and Kraus DEscH — Physikalisches
Institut, Universitdt Bonn, Deutschland

Although with the discovery of the Higgs boson in 2012 all particles
predicted by the Standard Model (SM) have been found, there are
still a few SM parameters which have not been measured yet. The
Higgs self-coupling strength, which actually has not been measured di-
rectly at all, is one of these parameters that is very sensitive to many
extensions beyond the SM as well.

In this talk we will discuss the prospects of measuring the Higgs
self-coupling in the 47 final state and of using it to search for new
beyond SM X — H H resonances . In order to increase the sensitivity
of this measurement, several channels have to be combined. In ad-
dition to the ones already studied, the HH — 47 channel provides
a unique final state with up to four hadronically decaying T-leptons,
which can be efficiently distinguished from most other SM background
processes. Due to the very low cross section of HH production, a high
selection efficiency is of utmost importance. A dedicated identification
method for multi-tau events based on multiplied 7-lepton probabilities
has been developed and tested on ATLAS Run 2 data. A measurement
of the ZZ — 47 process is used to validate the identification of a signal
with four true 7-leptons. An estimate of the largest background due
to QCD jets misidentified as 7-lepton decay using combinatorial con-
siderations of the reconstructed four 7-lepton charges will be discussed
as well.

T 5.7 Mon 17:30 Te
Search for lepton-flavour violating decays of the Higgs boson
using the symmetry method for background estimation with
the ATLAS experiment at /s = 13 TeV — eKATHARINA SCHLE-
ICHER, VALERIE LANG, and MARKUS SCHUMACHER — University of
Freiburg

The discovery of the Higgs boson opened the window to a variety of in-
teresting probes to physics beyond the standard model (SM), including
searches for lepton-flavour violating (LFV) Higgs-boson decays. These
are predicted in several models, including supersymmetric extensions
of the SM and general two-higgs-dublet models. In nature, LFV was
already observed in form of neutrino oscillations. In this analysis the
decays of H — et and H — pur with leptonic 7-decays leading to
e + 2v final states are considered. A central part of the analysis
is the precise estimation of the SM backgrounds. Therefore, a data-
driven method is used - the so-called symmetry method. It exploits two
principles: First, SM backgrounds with prompt leptons are symmetric
w.r.t. electrons and muons. And second, this symmetry is broken if
the branching ratios of the two LFV decays are of different magnitude.
The first principle implicates the challenge of restoring this symmetry
since electrons and muons are experimentally different. The second
principle is motivated by the upper limit on p© — ey. To obtain the
best possible sensitivity, a dedicated statistical model was developed
and neural networks for classification are deployed. In this talk, an
overview of the analysis using the LHC Run-2 dataset recorded with
the ATLAS detector in p-p collisions at /s = 13 TeV is given.
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T 6: Flavour physics |

Time: Monday 16:00-18:30

T 6.1 Mon 16:00 Tf
Lepton universality and lepton flavor conservation tests with
dineutrino modes — eHecTOR GIsBERT, Rico Bause, MARCEL

Gorz, and GuprUN HILLER — TU Dortmund

SU(2) -invariance links charged dilepton ¢ g’ ££ and dineutrino §q' v v
couplings. This connection can be established using SMEFT and holds
model-independently if only SM-like left-handed light neutrinos are
present. It allows to perform complementary experimental tests of
lepton universality and charged lepton flavor conservation with flavor-
summed dineutrino observables. The phenomenological implications
of this novel idea will be discussed in detail.

T 6.2 Mon 16:15 Tf
Search for the lepton flavour violating decay 7= — p~putpu~
with the LHCb experiment — eRowiNna Caspary, Fravio
ArcHiLLl, GiunLiA Frau, and CuisHuar Wang for the LHCb-
Collaboration — University of Heidelberg, Physikalisches Institut Hei-
delberg, Germany

Lepton flavour violationg (LFV) decays are within the Standard Model
only possible by higher order diagrams including neutrino oscillation.
Thus they are highly suppressed. However, some theories including be-
yond Standard Model phenomena predict branching fractions within
an experimentally accessible range. The LHCb experiment is well
equipped to search for these decays due to its excellent vertex and
momentum resolution and its particle identification capabilities. An
upper limit on the branching fraction of the LEV decay 7~ — p~utpu~
has been measured by the LHCb experiment using data collected in
the years 2011 and 2012. In this talk we present the expected sensitiv-
ity of the analysis exploiting the data taken in the years 2016 and 2018
and we will discuss improvements to the original analysis strategy.

T 6.3 Mon 16:30 Tf
A feasibility study for the search of lepton flavour violat-
ing decay 7= — ¢(KTK )u~ at LHCb — eCuisnual Wang,
Fravio ArcHiLLl, RowiNAa CaspPaRy, and Giuria Frau for the LHCb-
Collaboration — Physikalisches Institut, Heidelberg, Germany

The Lepton Flavour Violating (LFV) decays are highly suppressed
in the Standard Model and only possible via higher order diagrams
including neutrino oscillation. However, potential new physics mod-
els can significantly enhance their branching frations. For example,
leptoquark hinted by some recent test of lepton univerisality might
have significant contributions to the decay 7= — ¢(K+TK " )u~. In
this talk, we will present a feasibility study to search LFV decay
77 — ¢(KTK~)u~ based on the data collected by LHCb experi-
ment during the years from 2016 to 2018. In LHCb, copious 7 leptons
are produced in the decays of D;t, D% and b-hadrons. This search is
dominated by a background decay D — ¢(K+K~)utv, which is
highly similar with the signal in decay topology.

T 6.4 Mon 16:45 Tf
First Results and Prospects for 7 — e + a(invisible) at Belle
II — eTHomas KRraETzscHMAR for the Belle II-Collaboration —
Max-Planck-Insitut fiir Physik (Werner-Heisenberg-Insitut), Miinchen,
Deutschland

The Belle II experiment at SuperKEKB, an asymmetric eTe™ collider,
aims at a total integrated luminosity of 50 ab—!, to pursue a rich pro-
gram of Standard Model and Beyond the Standard Model physics.
Until the end of 2020 and beginning of 2021 about 100 fb—1 were col-
lected at the Y (4S) resonance. This results in a sizeable sample of 7
pairs, enabling detailed studies of Standard and Beyond the Standard
Model measurements, including searches for Lepton Flavor Violating
(LFV) decays. One of the first channels where competitive limits are
expected is the 7 — e + a(invisible) process, where « is a Goldstone
boson. Here, the currently best limit has been obtained by ARGUS
with an integrated luminosity of 475 pb—1. Belle II is expected to be
able to improve on this result already with the data recorded. This
contribution will discuss the expected reach of the measurements with
the current data set, and the progress towards a new upper limit.

T 6.5 Mon 17:00 Tf
The pion light-cone distribution amplitude from the pion
electromagnetic form factor — Sunan CHENG!, ALEXANDER
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KuopisaMIRIAN?, and eALEKSEY Rusov? — !Hunan University,

Changsha, China — 2Universitéit Siegen, Germany

2

We suggest a new way of probing the pion light-cone distribution am-
plitude using the dispersion relation for the pion electromagnetic form
factor. It relates the spacelike pion form factor, for which the QCD
light-cone sum rule is used, with the timelike form factor obtained
from the data. Adopting for the pion twist-2 distribution amplitude
an ansatz with the first few Gegenbauer polynomials, it is possible to
fit their coefficients a2 4,6,... (Gegenbauer moments) from the disper-
sion relation. For the exploratory fit we use the data of the BaBar
collaboration. The results definitely exclude the asymptotic shape of
the twist-2 distribution amplitude, also the model with a single a2 # 0
is disfavoured by the fit. Considering scenarios with a,>2 7 0, we find
that the fitted values of the second and fourth Gegenbauer moments
cover the intervals a2 (1GeV) = (0.22—0.33), a4(1GeV) = (0.12—0.25).
The higher moments starting from ag are consistent with zero, albeit
with large uncertainties.

T 6.6 Mon 17:15 Tf
Search for 7° — invisible decays with the NA62 experiment
— eLETIZIA PERUZZO — Johannes Gutenberg University, Mainz

The search for new physics beyond the Standard Model (SM) is one
of the most active fields in particle physics. Complementary to di-
rect searches for new processes at high-energy scale, rare or forbidden
SM decays are investigated to look for deviations from the predictions.
The NA62 experiment at the CERN SPS, designed for the measure-
ment of the ultra-rare decay Kt — mtvD, investigates new-physics
contributions in the kaon and pion sector. The highly efficient, her-
metic photon-veto system makes NA62 a perfect apparatus for a high-
sensitivity search for w° decays into invisible particles. In a fraction
of data collected by NA62 in 2017, about 8.4 x 10° 7° mesons have
been tagged from the reconstruction of the second most-abundant K+
decay, Kt — mt7°(y). The background rejection power for visible
7° decays, ranging from O(108) to O(10°), is estimated by the com-
bination of data-based studies and Monte Carlo simulations, a novel
experimental technique with respect to that used in the most sensitive
previous experimental result. The analysis is performed with the blind
technique for a cut-based signal region. No signal is observed in excess
of the expected background fluctuations. The resulting upper limit on
the branching ratio, BR(7® — inwvisible) < 4.4 x 1072 at 90% confi-
dence level, improves on the previous best limit by a factor of 60. As
a by-product of the analysis, the decay KT — 7t X is investigated,
where X is a neutral particle escaping detection with a mass in the
range 0.110-0.155 GeV/c? and rest lifetime greater than 100 ps.

T 6.7 Mon 17:30 Tf
Evidence for the decay K+ — ntvi from the NA62 experi-
ment at CERN — eRaposrLav MarcHEvVskI — JGU Mainz

The ultra-rare decay K+ — m+ v benefits from a precisely predicted
branching ratio in the SM of (8.4 + 1.0) x 10711, being almost free
from theoretical uncertainties, and most importantly of very high sen-
sitivity to a variety of beyond-the-standard-model scenarios, making it
one of the best candidates to reveal indirect effects of new physics in
the flavour sector. The NA62 experiment at the CERN SPS, designed
to measure the branching ratio of KT — 7T vo with a decay-in-flight
technique, collected data in 2016-2018. New results from the analysis
of the 2018 data, the largest data set so far collected, will be pre-
sented. The result represents the most accurate measurement of this
ultra-rare decay achieved so far. Future prospects and plans for further
data taking starting in 2021 will also be presented.

T 6.8 Mon 17:45 Tf
Rare charm ¢ — uvv dineutrino null test for et e"—machines
— eoRico Bause, HEcTorR GISBERT, MARCEL GoLz, and GUDRUN
HiLLER — TU Dortmund

Rare |Ac| = |Au| = 1 transitions into dineutrinos are strongly GIM-
suppressed and constitute excellent null tests of the standard model.
While branching ratios of ¢ — wvv transitions are experimentally un-
constrained, signals of new physics can be just around the corner.
Signatures of these modes, including D — Pvo or D — PT P~ vp
with P = 7w, K, Ac — pvv, contain missing energy and are well suited
for experimental searches at et e~ —facilities, such as BES III, Belle II
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and future et e~ —colliders, such as the FCC-ee running at the Z.

Using current bounds on ¢ — u £ ¢~ transitions, model-independent
upper limits on branching ratios assuming lepton universality and
charged lepton flavour conservation are presented (arxiv:2010.02225).
An observation in excess of these upper limits implies a breakdown of
the corresponding symmetry.

T 6.9 Mon 18:00 Tf
Radiative three-body D-meson decays in and beyond the
standard model — eNico ApoLpu!, JoacHiM Brop?, and GUDRUN
HiLLer! — !Technische Universitdt Dortmund, Dortmund, Deutsch-
land — 2University of Cincinnati, Cincinnati, USA

We study radiative charm decays D — Py P2y, P12 = 7, K in QCD
factorization at leading order and within heavy hadron chiral pertur-
bation theory. Branching ratios including resonance contributions are
around ~ 1073 for the Cabibbo-favored modes into K7y and ~ 10~°
for the singly Cabibbo-suppressed modes into 77~ ~, KT K™+, and
thus in reach of the flavor factories BES III and Belle II. Dalitz plots
and forward-backward asymmetries reveal significant differences be-
tween the two QCD frameworks; such observables are therefore ide-
ally suited for a data-driven identification of relevant decay mecha-
nisms in the standard-model dominated D — Ky decays. This in-

creases the potential to probe new physics with the D — 7t 7~ and
D — KTK~~ decays, which are sensitive to enhanced dipole oper-
ators. CP asymmetries are useful to test the SM and look for new
physics in neutral |AC| = 1 transitions.

T 6.10 Mon 18:15 Tf
Search for D* and D Mesons at Belle using hadronic
tagging of B Mesons — eMaxiMILIAN GRAF, FLORIAN BERN-
LOCHNER, JOCHEN DINGFELDER, MICHAEL ELIACHEVITCH, MARKUS
PriM, WiLiaAM SUTCLIFFE, and MaAXIMILIAN WELScH for the Belle
II-Collaboration — Physikalisches Institut der Rheinischen Friedrich-
Wilhelms-Universitat Bonn, 53115 Bonn, Germany

Belle II is a next generation SuperB-Factory located in Tsukuba in
Japan, that recently started its first physics data taking period. One
particular important result Belle II aims to measure is the CKM ma-
trix element V. One clean approach for such measurements involves
hadronic tagging, where low yields are balanced by very clean samples.
In this talk, I present the current status of measurements of semilep-
tonic B — D) ¢, decays and their role in calibrating hadronic tag-
ging efficiencies. In addition, I present first background subtracted
spectra of the recoil parameter w and the relevant decay angles for the
D* final state.

T 7: Flavour physics V

Time: Monday 16:00-18:30

T 7.1 Mon 16:00 Tg
Hadronically tagged B — D®/y, with Belle II — Fro-
RIAN BERNLOCHNER!, RacHA CHEAIB2, JOCHEN DINGFELDER!,
eMicHAEL ELiacHEvVITCH!, MAX GrAF!, MARKUS PriM!, WILLIAM
SurcLirre!, and HanNNaH M. WakeLine® for the Belle II-
Collaboration — !Physikalisches Institut der Rheinischen Friedrich-
Wilhelms-Universitdt Bonn — 2Deutsches Elektronen—Synchrotron,
22607 Hamburg, Germany — 3McGill University, Montréal, Québec,

H3A 2T8, Canada

The analysis of semileptonic B meson decays is one of the main pillars
of the physics program of the Belle II experiment, since their theo-
retical cleanliness enables precise theoretical predictions which can be
compared with measurements for tests of the Standard Model of parti-
cle physics. This talk presents early results and analysis plans for the
B — D™y, decay with ¢ denoting the light leptons e and p. The
other B meson originating from the Y (4S) is fully reconstructed in
hadronic decay modes via the Full Event Interpretation tagging algo-
rithm, providing the full four-momentum of the signal B meson. Due to
its high branching fraction and ease of reconstruction, this decay allows
for early measurements on available Belle II data. A good understand-
ing of this channel on observed data and discrepancies to simulated
data is essential in the context of future measurements of the lepton
flavour universality probing R (D(*)) observable, which measures the
ratio of semitauonic B — D(*)ﬂ/,— decays to the B — D(*)Eug channel
as a normalization. Furthermore, it is of interest due to its sensitivity
to the magnitude of the V., CKM matrix element.

T 7.2 Mon 16:15 Tg
Study on semileptonic B — D**/v decays for a R(D<*)) mea-
surement at Belle — eParrick Ecker!, FELIXx METZNER!, FLO-
RIAN BERNLOCHNERZ, and PaBLo GoLpeENzwEIG! — !Karlsruher In-
stitut fiir Technologie — 2Universitit Bonn

Measuring the semileptonic ratio R(D™*)) shows an over 3¢ tension to
the prediction of the standard model. This tension is still one of the
most interesting open questions in flavor physics, which makes a more
precise measurement of the ratio desirable. Nevertheless, the precision
of the measurement is mainly limited by the insufficient knowledge
about the B — D**{v background decays.

This study uses the 711fb~! dataset provided by Belle to analyse the
form factor modeling of these modes, as well as giving ratios of the
branching fractions of the D** decays to the B — D®*) /v decays used
in the R(D™)) analysis.

T 7.3 Mon 16:30 Tg
R(D**) at Belle II with leptonic 7 decays — ARIANE FREY,
eNOREEN RauLs, and BENJAMIN SCHWENKER — II. Physikalisches In-
stitut, Georg-August-Universitdt Gottingen, Friedrich-Hund-Platz 1,
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Semileptonic B meson decays to T leptons are used to probe the stan-
dard model. This can be investigated in the rate of the semitauonic
decay B — D**1v, which can be enhanced, for instance, by the pres-
ence of an additional charged Higgs boson.

R(D**) is defined as the ratio of the branching ratio B — D**7v by
the averaged branching ratio of both light leptons B — D**{v and
is hence sensitive to new physics that couples differently to light and
heavy leptons.

At the Belle II experiment, B mesons are always produced in pairs
at the Y (4S5) resonance. One B meson is reconstructed using the B
decay modes stated above. Here, the 7 lepton is reconstructed in the
leptonic mode. For the reconstruction of the other B meson the Full
Event Interpretation (FEI) is chosen. The FEI algorithm reconstructs
the other B meson using multivariate classifiers in various different
hadronic decay modes.

This talk will present first studies on the reconstruction of the B me-
son decays used to extract R(D**) conducted on Belle IT Monte Carlo
samples as well as an outlook on future plans.

T 7.4 Mon 16:45 Tg
Probing the R(D(*) discrepancy with the B — X7v channel at
Belle II — FLORIAN BERNLOCHNER, JOCHEN DINGFELDER, e HENRIK
JUNKERKALEFELD, and PETER LeEwis for the Belle II-Collaboration —
Physikalisches Institut der Rheinischen Friedrich-Wilhelms-Universitét
Bonn

In the absence of direct evidence for new physical phenomena at the
TeV scale, several measurements in the flavor sector are spotlighted
that might be in tension with theoretical predictions. Of these fla-
vor anomalies, excesses in the R(D) and R(D*) ratios measured by
multiple experiments have caused particularly large interest in recent
years.

The new Belle II experiment in Japan enables a complementary
test of these measurements. Due to the controlled production of BB
pairs, the inclusive measurement of B — X 7v becomes possible. Its
measurement should contribute important information to the R(D(*))
problem. Additionally, this channel should help constrain the currently
unmeasured contribution of B — D**7v decays.

In this talk, the general analysis strategy of the B — X 7v branching
fraction measurement is presented and first attempts to separate the
signal from background are outlined.

T 7.5 Mon 17:00 Tg
Search for the decay B? — D*tD*~ with the LHCb experi-
ment — SopHIE HovrriT, PHiLIPP IBIS, @JAN LANGER, and ANTJE
MODDEN — Experimentelle Physik 5, TU Dortmund

At the LHCb experiment precise measurements are performed to
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search for physics beyond the Standard Model. For this it is impor-
tant to observe new decays and measure their branching ratio. Be-
sides the primary aim of observing the decay BY — D*TD*~, this
analysis also aims to measure the branching ratio relative to the decay
BY — D** D*~. By measuring the relative branching ratio, dominant
systematic uncertainties can be cancelled.

In this talk, the current status of the analysis is presented, in which
the full data set of the LHCb experiment is used corresponding to an
integrated luminosity of 9fb~1.

T 7.6 Mon 17:15 Tg
Fully Inclusive Analysis of Untagged B — X ¢1t¢~ Decays
at Belle IT — THomAs KuUHR, SviaTosLav BILOKIN, and eMICHAIL
MoussiINE — Ludwig-Maximilians-Universitdt Miinchen

Semileptonic B meson decays to Xs¢1 £~ , where X, stands for a set of
final state particles with non-vanishing total strangeness, are very rare
because they are forbidden at tree level in the standard model (SM).
They can occur through loop diagrams, where particles beyond the SM
could contribute. Measurements of branching fractions or kinematic
distributions are therefore sensitive to new physics.

The Belle II experiment at the SuperKEKB accelerator is well suited
to study inclusive decays because of the clean environment with known
initial conditions. However, a full reconstruction of the second B me-
son in Y(4S) — BB events suffers from a low reconstruction efficiency.
Feasibility studies of an untagged analysis, including optimizations of
selection criteria, will be presented.

T 7.7 Mon 17:30 Tg
Testing Lepton Flavour Universality with Bs — ¢£T£~ de-
cays using LHCb data — CHRISTOPH LANGENBRUCH, STEFAN
SCHAEL, @ SEBASTIAN SCHMITT, and ELUNED SMiTH — I. Phys. Inst.
B RWTH Aachen

In the Standard Model of Particle Physics (SM), b — s¢t¢~ transi-
tions are forbidden at tree-level and may only occur at the loop-level.
The branching fractions of these so-called Flavour Changing Neutral
Currents (FCNCs) can thus be significantly affected 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. The ratios Ry, defined as the ratios of
the branching fractions B (B — H,u"’u_) and B (B — He""e_)7 con-
stitute precise tests of the SM. Recent measurements of Rx and Ry «o0
show tensions with the SM of 2.1 to 2.5 standard deviations (¢), com-
plementary Ry measurements are therefore of great interest.

The LHCD detector, located at the Large Hadron Collider (LHC) at
CERN, is optimised to study rare b-hadron decays. For this purpose
LHCb features high trigger efficiencies, excellent track reconstruction
and particle identification.

This talk summarises the status of the measurement Ry, which ben-
efits from the experimentally clean Bs — ¢¢T¢~ decay. The analysis
is using the full Run 1 and Run 2 dataset collected by LHCb that
corresponds to 9fb~1 of integrated luminosity.

T 7.8 Mon 1745 Tg
Branching fraction measurement of BY — ¢utu~ and search
for B — f}(1525)p*pn~ using LHCb data — eSopHIE KRET-
ZSCHMAR, CHRISTOPH LANGENBRUCH, and ELUNED SmitH — L
Physikalisches Institut B, RWTH, Aachen

The LHCb detector at CERN is an experiment optimised to study de-
cays of b-quarks, which are produced copiously in the proton-proton
collisions at the Large Hadron Collider (LHC). Flavour-changing
neutral-current decays proceeding via b — sf¢ transitions are of par-
ticular interest since they occur only via higher order loop corrections
in the Standard Model (SM), and thus can be significantly affected by
new heavy particles beyond the SM.

One example of such a rare decay is BY — ¢utp~, which has been
previously analysed by the LHCb collaboration using data taken in
2011 and 2012. The B% — ¢utu~ branching fraction was measured
to be more than 30 below the SM expectation. Now, an updated
measurement is performed including the data taken by the LHCb ex-
periment during 2015-2018, which will provide more insight on the
nature of this discrepancy with the SM.

This talk presents the status of the updated measurement of the
BY — ¢utu~ branching fraction using the full LHCb data sample. In
addition, a search for the decay BY — f5(1525) T~ will be presented.

T79 Mon 18:00 Tg
Analysis of Bg,d — ptTp~ decays with the full LHCb dataset
— JoHANNES ALBRECHT, eMAIK BECKER, and TiTus MOMBACHER
— Experimentelle Physik 5, TU Dortmund

The first observation of the decay B? — ptpu~ with a single exper-
iment was reported by the LHCb collaboration in 2017 with a sig-
nificance of 7.80 using data corresponding to 4.4 fb~1 of integrated
luminosity. The measurement demonstrated the excellent sensitivity
of the LHCb experiment in this channel, but no deviations from the
Standard Model predictions were found, introducing strong constraints
to New Physics models. Since the uncertainty on the result is driven by
statistical limitations, an analysis with a larger dataset and improved
methods is performed, which may also allow for the first observation
of the decay Bg — utp—.

In this talk the ongoing measurement of Bg‘d — ptp~ with the full
LHCb dataset corresponding to 9 fb~! will be presented.

T 710 Mon 18:15 Tg
Non-local matrix elements in B, — {K™), p}ete~ — eNico
GUBERNARI!', DANNY VAN Dyk2, and Javier VirRTo3 — 1 Universitaet
Siegen, Walter-Flex-Strasse 3, 57068 Siegen — 2Technische Uni-
versitaet Muenchen, James-Franck-Strasse 1, 85758 Garching —
3Universitat de Barcelona, Marti Franques 1, E08028 Barcelona,
Catalunya

We revisit the theoretical predictions and the parametrization of non-
local matrix elements in rare By — {K®) ¢ ete— and By —
{K*, ¢}y decays. We improve upon the current state of these ma-
trix elements in two ways. First, we recalculate the hadronic matrix
elements needed at subleading power in the light-cone OPE using B-
meson light-cone sum rules. Our analytical results supersede those in
the literature. We discuss the origin of our improvements and provide
numerical results for the processes under consideration. Second, we
derive the first dispersive bound on the non-local matrix elements. It
provides a parametric handle on the truncation error in extrapolations
of the matrix elements to large timelike momentum transfer using the
z expansion. We illustrate the power of the dispersive bound at the
hand of a simple phenomenological application. As a side result of our
work, we also provide numerical results for the Bs — ¢ form factors
from B-meson light-cone sum rules.

T 8: Top quark production |

Time: Monday 16:00-18:30

T 81 Mon 16:00 Th
Measurement of the Single-Top production cross section in
the s-channel at /s=13 TeV with the ATLAS detector — ¢KEN
KREUL — Humboldt Universitat zu Berlin

The 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 chan-
nels: t-channel, s-channel and via associated production of a W-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 significance of 3.20 using the
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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. The 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 fb~1!.

T 82 Mon 16:15 Th
Measurement of the t-channel single top-quark produc-
tion cross-section in proton-proton collisions at a centre-
of-mass energy of 13 TeV with the ATLAS detector —
OLcA Bessipskaia ByLunp, Dominic HIRSCHBUHL, eJosHUA REI-
DELSTURZ, MOHSEN REzAEI EsTABRAGH, and WoLFGANG WAGNER
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— Bergische Universitat Wuppertal, Wuppertal, Deutschland

The measurement of the single top-quark t-channel production cross
sections o¢q and Ofq and their fraction R; as well as the total cross
section oy, 7, is presented. These measurements provide a precise test
of the standard model and are sensitive to new-physics phenomena
by probing the properties of the Wtb vertex and placing limits on
the CKM matrix element |V|. Data taken with the ATLAS detec-
tor from 2015 to 2018 corresponding to an integrated luminosity of
L = 139fb~! at a center-of-mass energy of 13TeV is analyzed using
corresponding samples of simulated events. Requirements are applied
to the data selecting events with the signature expected for the sig-
nal 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. The neural net-
work output distribution is then used in a binned profile maximum
likelihood fit including all systematic uncertainties to determine the
cross sections.

T 83 Mon 16:30 Th
Sensitivity studies of differential cross-sections of t-channel
single-top-quark production on physics beyond the stan-
dard model parameterised by effective field theories —
eMouseN REezaEl EstaBracu!, WoLFGaNc WAGNER!, DowMmiNic
HirscuBUEHL!, JosHua AARON REIDELSTURZ!, and OrLca BEssip-
skalA ByLunp? — !Bergische Universitdat Wuppertal, Wuppertal,
Germany — 2University of Paris-Saclay

Unique features of the top quark such as its large mass and its decay
before hadronisation, providing access to spin information via its decay
products, make the top quark a fascinating object of many high energy
physics studies, including searches for physics beyond the standard
model (BSM). The aim of this study is to consider the sensitivity of
t-channel single top-quark production to BSM physics, parameterised
in a model-independent way via higher dimension operators in the
framework of effective field theory (EFT).

At leading order three EFT operators contribute to ¢t — channel
single top-quark production. The presented study investigates the im-
pact of these operators on differential production cross-sections. The
operator OEI,‘Q’q) modifies the magnitude of the Wtb vertex, while O((ztlz‘3>
affects angular distributions of top-quark production. The operator
O mainly impacts the decay of top quarks.

T 84 Mon 16:45 Th
Search for single production of top quarks in association with
a photon with the ATLAS detector at /s = 13 TeV — ¢BJORN
WENDLAND, JOHANNES ERDMANN, and KeviIN KRONINGER — TU
Dortmund, Experimentelle Physik IV

Analyses of top quark production in association with a photon are
important tests of the Standard Model as 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 can be probed. Top
quark pair production with a photon in leptonic final states was ob-
served and investigated extensively by the ATLAS and CMS collabora-
tions. No significant deviations from the Standard Model expectations
were found by now.

With the rich datasets collected by the ATLAS and CMS experi-
ments during Run 2 of the LHC programme, it is feasible to observe
single production of top quarks in association with a photon. The
CMS collaboration reported evidence corresponding to 4.4 o for this
process using a partial Run 2 dataset.

In this talk, studies of t-channel single production of top quarks with
a photon 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 final state consists of either an electron or a muon,
a jet containing B hadrons, missing transverse energy, a photon and
an additional jet produced in forward direction.

T 85 Mon 17:00 Th
Differential Measurement of the Associated Production of a
Single Top Quark and a Z Boson at the CMS Experiment
— eDaviD WALTER, ABIDEH JAFARI, and Nicoras TonoN — DESY,
Hamburg, Germany

The top quark is the heaviest particle of the standard model (SM) and
can be produced through strong interactions in top quark-antiquark
pairs, or polarised as a single top quark (or antiquark) via the elec-
troweak interaction. The associated production of a single top quark
and a Z boson (pp — tZq) includes the tZ coupling as well as the
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coupling of three vector bosons (WWZ) and is therefore a unique pro-
cess to study the couplings of heavy particles in the SM. As early as
2018, the CMS Collaboration observed the production of tZq in its
final state with three leptons. It was found to be in agreement with
the SM prediction.

In an ongoing analysis, a differential tZq cross section measurement
is being carried out. This can give more detailed insight into the mod-
eling of the process in the SM while some of the distributions are also
sensitive to beyond-SM effects. The analysis makes use of 137 fb—!
of pp collision data, collected at the LHC with the CMS experiment
at a center of mass energy of /s = 13 TeV. A full event reconstruc-
tion is performed and multivariate analysis techniques are exploited to
isolate the signal from various background contributions. A maximum
likelihood based unfolding is performed to extract the differential cross
section at parton level and to correct for detector effects and hadroniza-
tion effects.

T 86 Mon 17:15 Th
Measurement of the inclusive production cross sections of a
top-quark pair in association with a Z boson at /s = 13 TeV in
final states with three leptons using deep neural nets with the
ATLAS detector — eSTEFFEN KORN, ARNULF QUADT, ELIZAVETA
SHABALINA, and KnuT ZocH — II. Physikalisches Institut, Georg-
August-Universitat Gottingen

Through the associated production of the ttZ process, the strength
and structure of the coupling of the top quark and the Z boson can be
measured which provides sensitivity to the top quark’s weak isospin
in the Standard Model (SM). The measurement of this fundamental
parameter of the SM also serves as a probe to new physics beyond
the SM. The process was first observed by CMS and first measured by
ATLAS at /s = 8 TeV by considering ttW and ttZ processes simulta-
neously, and later measured with increased precision at /s = 13 TeV
by both experiments. The effect of deep neural networks (DNN) on
the sensitivity of a refined analysis using 139fb~! is investigated and
presented within a measurement of the inclusive cross section in ttZ
final states. The analysis selects event with three charged leptons in
proton-proton collisions data, taken between 2015 and 2018 with the
ATLAS detector.

T 87 Mon 17:30 Th
Differential cross-section measurement of the tZq process
with the ATLAS detector — eNiLiMA AkoOLKAR and IaN Brock
— Physikalisches Institut, Universitat Bonn

The associated production of a single top-quark with a Z-boson (tZq)
is a rare process that has been discovered by the CMS and ATLAS
Collaborations. This process is of a special interest, as it allows to
probe the couplings of the Z-boson to the quark sector and W-boson
simultaneously.

This talk will focus on the differential cross-section measurement
of the tZq production, analyzed in the trilepton decay channel. The
data used were collected with the ATLAS detector during Run 2 of the
LHC, corresponding to an integrated luminosity of 139 fb~1. The dif-
ferential cross-section is measured using unfolding and the preliminary
results will be presented.

T 88 Mon 17:45 Th
Measurement of the tZq cross section in events with two
leptons — eFEDERICA CEcILIA CoLoMBINA — Windmiihlenweg 27,
22607 Hamburg, Germany

In the years 2016-2018 the CMS Experiment at CERN’s Large Hadron
Collider (LHC) recorded a large amount of proton-proton collision data
at a centre-of-mass energy of 13 TeV, corresponding to an integrated
luminosity of 137 inverse fb. In this work, events in which a single
top quark is produced in association with a Z-boson are investigated.
Particular focus is on final states in which two leptons originate from
the Z boson and the top quark decays hadronically. The discrimina-
tion between signal and backgrounds is optimized by testing different
methods for the event reconstruction in conjunction with a Deep Neu-
ral Network (DNN). It is shown that the use of jet kinematics that
are associated with the particles in the final state improves the per-
formance over cases where the event reconstruction information is not
used. A statistical fit is then performed to the DNN output, reaching
an expected signal significance for tZq events of 2.4 standard devia-
tions. Further optimization of the analysis, e.g. by use of additional
control regions, is being studied.

T 89 Mon 18:00 Th
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Measurement of highly boosted W-boson-associated sin-
gle top quark production using the CMS detector
eCHRISTOPHER MATTHIES, PAOLO GUNNELLINI, JOHANNES HALLER,
RomaN KoGLER, and MATTHIAS SCHRODER — Institut fiir Experi-
mentalphysik, Universitdt Hamburg

A cross-section measurement of the associated production of a sin-
gle top quark and a W boson (tW) in boosted ¢+jets final states in
pp collisions at /s = 13 TeV with the CMS experiment is presented.
Boosted hadronic decays of both the W boson or the top quark are
reconstructed as large-radius jets using the HOTVR algorithm for the
first time. 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 about
1TeV of the top quark or associated W boson is feasible, extending
the phase space covered by previous measurements considerably.

T 810 Mon 18:15 Th

Using Machine Learning Techniques to Probe the Interfer-
ence Between tW and tt — eFEDERICO G. Diaz CAPRILES and
Ian C. Brock — Physikalisches Institut, Bonn

The production of two W-bosons in conjunction with two b-quarks
(WWWbb) is not only the signature of top-quark pair production (¢t)
but also single top-quark production in association with a W-boson
(tW) at the next-to-leading-order. The modeling difficulty of the inter-
ference between these two processes becomes a significant systematic
uncertainty in a differential cross-section measurement.

A machine learning approach is used in order to study the interfer-
ence in depth. The network is trained to pick out differences between
a mixed Monte Carlo sample of tW and interference against a Monte
Carlo sample of only tW. The resulting classifier is expected to differ-
entiate between interference-like and tW-like events. This classifica-
tion can aid in the scrutiny of the modeling of the interference-inclusive
Monte Carlo.

T 9: Associated Higgs production and Higgs quantum numbers |

Time: Monday 16:00-18:15

T 9.1 Mon 16:00 Ti
Simplified Template Cross Section Measurement of the Pro-
cess pp > HW — WWW — lvlvly with ATLAS — eMoriTz HEs-
PING, VOLKER BUSCHER, RALF GUGEL, THOMAS HoNiG, CHRISTIAN
ScuMITT, and NATALIE WIESEOTTE — Johannes Gutenberg Univer-
sitdt Mainz

The measurement of the couplings of the Higgs boson is of great sci-
entific interest, since it has the potential of testing possible extensions
to the Standard Model. The decay of a Higgs boson into a pair of W
bosons after production in association with a W boson is especially
useful, since in this process the Higgs boson exclusively couples to W
bosons.

As the total cross section of the process pp - HW — WWW —
lvlvly has previously been measured at the ATLAS detector using
data from 2015 and 2016, the next step is now to extend this out to
the scheme of Simplified Template Cross Sections (STXS), using the
full run 2 dataset. The STXS mesurement of this process requires ac-
cess to the transverse momentum of the associated W boson, which
due to the presence of three neutrinos in the final state cannot be fully
reconstructed. This talk details the analysis strategy used to enable a
STXS measurement of the Higgs-W coupling.

T 9.2 Mon 16:15 Ti
Search for WH production at the CMS Experiment us-
ing Deep Learning Techniques — eFRrREDERIC ENGELKE — III.
Physikalisches Institut A, RWTH Aachen University

The analysis of the associated production of a Higgs boson with a vec-
tor boson via Higgs-Strahlung provides a possibility to detect Beyond
the Standardmodel (BSM) effects. For a full understanding, the VH
production cross section has to be investigated very precisely.

This analysis is performed blinded in the WH — bb #v final state
producing an expected upper limit on owy. A physics process multi-
classification by a deep neural network is used for the enhancement
of this analysis. The used simulations correspond to the data mea-
sured by the CMS detector in 2017 amounting to a luminosity of
L=41.2fb 1.

T 9.3 Mon 16:30 Ti
Towards a measurement of single top quark production in
association with a Higgs boson (tH) in the ditau channel at
ATLAS — eTanja HoLMm and Ian C. Brock — Physikalisches In-
stitut Universitdt Bonn

Single top quark production in association with a Higgs boson some-
times is referred to as the ‘golden channel’ of single top-quark processes
due to the opportunities it gives in studying the couplings of the Higgs
boson. Especially interesting is % which results in the cross-section
changing by almost one order of magnitude.

The production of a top quark in association with a Z boson has been
discovered at ATLAS and CMS in the trilepton channel, considering
the top quark and the Z boson to decay leptonically. Hence a promising
channel for the tH search is the multilepton channel where the Higgs
decays into two 7 leptons. Given that each 7 has a 64.6% probability
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to decay hadronically we search for events containing two hadronic 7
decays and events containing one hadronic 7 decay.

This talk will discuss the search for the tH production in the hadronic
7 channels in ATLAS using the Run 2 data of the LHC.

T 9.4 Mon 16:45 Ti
Neural network development in the analysis of single top-
quark production in association with a Higgs boson and light-
quark at ATLAS — eCHrisTIAN KIRFEL, IAN Brock, and TaNjA
Horm — Physikalisches Institut Bonn

A measurement of the single top-quark production in association with
a Higgs boson and a spectator light-quark (tHq) gives insight into the
properties of not only the top quark but also the Higgs boson. The
associated production is uniquely sensitive to the relative sign of the
top quark-Higgs boson Yukawa coupling. Additionally, the ditau decay
of the Higgs boson allows for a reconstruction of the Higgs mass.

The extraction of a signal is limited by the plethora of background
processes with higher cross sections. This makes the usage of multi-
variate analysis methods a necessary choice.

A variety of new methods have been used to optimise the network,
including an evolutionary optimisation process. In addition, the use of
negative weights in the training has been investigated. Both the de-
velopment and the results of a deep neural network for the separation
of the tHq channel from its backgrounds are presented.

T 9.5 Mon 17:00 Ti
Associated production of a single top quark and a Higgs
boson in the H— bb decay channel at the CMS experi-
ment — THORSTEN CHWALEK, NiLs FALTERMANN, eMARcO LINK,
and THOMAS MULLER — Institut fiir Experimentelle Teilchenphysik
(ETP), Karlsruher Institut fiir Technologie (KIT)

The associated production of a single top quark and a Higgs boson (tH)
is a still undiscovered Standard Model (SM) process with a production
cross section of about one tenth of the production cross section of the
associated production of a top quark pair and a Higgs boson (ttH). In
contrast to ttH production, tH production is through interference also
sensitive to the sign of the top-Higgs coupling.

This presentation focuses on the reconstruction of tHq, tHW, tt
and ttH events with a single lepton final state using boosted decision
trees (BDT) and the results obtained from the combination of three
channels (fully hadronic, single lepton and dilepton) with 137.2 fb—1
of proton-proton collision data recorded at /s = 13 TeV by the CMS
experiment from 2016 to 2018. These results include a limit on the SM
tH production and measurements of the top-Higgs coupling, for a SM
Higgs boson and for a mixture with a non-SM CP-odd Higgs boson.

T 9.6 Mon 17:15 Ti
Investigation of ttH(bb) Events with Very High Higgs Boson
Momentum at ATLAS Detector — Lucia MASeTTI, EFTYCHIA
TzovARA, ALEXANDER BASAN, ANDRIANI PanaGl, AsmMA HADEF, and
eDocA ELITEZ — Johannes Gutenberg Universitdt Mainz, Institut fiir
Physik, Mainz, Germany
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The coupling of the Higgs boson to the top quark is very sensitive
to effects 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 production in association with a pair of
top quarks, ttH. The decay to two bottom quarks (H — bb) has the
largest branching fraction of about 58%.

This analysis aims at events in which one of the top quarks decays
semi-leptonically and produces an electron or a muon plus several jets.
The so-called ultra boosted topology targets events containing a Higgs
boson produced at very high transverse momentum, which is contained
in a single small-R jet. This topology is not included in the current
high pr (boosted) Higgs boson selection and requires a dedicated anal-
ysis. The challenges in terms of background rejection and the potential
to increase the sensitivity above the current pr range are presented in
this talk.

T 9.7 Mon 17:30 Ti
STXS measurement of topquark-antiquark pair production
in association with a Higgs boson at CMS — eSEBASTIAN
WieLanp!, UrricH HuseMmanN!, PuiLip KricHeEr!, MATTHIAS
ScHRODER?, and JAN vAN DER LINDEN! — lInstitut fiir Experi-
mentelle Teilchenphysik (ETP), Karlsruher Institut fiir Technologie

(KIT) — 2Universitit Hamburg

Top quark-antiquark pair production in association with a Higgs boson
offers a model-independent measurement of the top-Higgs Yukawa cou-
pling. This is of great interest in order to precisely test the couplings
of the Higgs boson to fermions predicted by the standard model. Since
physics beyond the Standard Model may show in the spectrum of the
transverse momentum of the Higgs boson, a joint effort of Higgs analy-
ses in all channels is made in order to simplify and streamline potential
combinations between measurements. In the context of these Simpli-
fied Template Cross Section (STXS) measurements the cross section is
measured in common bins.

In this talk a multivariate STXS measurement in the semileptonic
decay channel of the top quark-antiquark pair and the decay of the
Higgs boson into a bottom quark-antiquark pair based on the full Run-
2 dataset of the CMS experiment is presented.

T 9.8 Mon 17:45 Ti
Modelling studies of the tf + bb background to the tf (H — bb)
analysis — eSTEPHEN EGGEBRECHT, ANDREAS KIRCHHOFF, ARNULF
QuaDT, EL1ZAVETA SHABALINA, and KNuT ZocH — II. Physikalisches
Institut, Georg-August-Universitat Gottingen
The measurement of the Yukawa coupling of the Higgs boson to the
top quark is an important parameter of the Standard Model (SM). It

could be used to either find deviations from the SM or to constrain
BSM theories. To study this coupling, the production of a SM Higgs
boson in association with a top-quark pair is used. The decay mode
where the SM Higgs boson decays to bottom quarks has the highest
branching ratio. Unfortunately, it suffers from a large tt + bb back-
ground. It has a two times larger cross-section than the signal as well
as similar kinematics. By reducing the modelling uncertainties of the
tt + bb background, a better sensitivity of the measurement can be
achieved. For this purpose, four different Monte Carlo (MC) simu-
lations are compared. All simulations have different generator tunes
and parton distribution function (PDF) sets. Firstly, the kinematics of
the additional b-jets are studied when the tf + bb process is simulated
in the 5-flavour scheme. Secondly, a comparison is made with ¢ + bb
kinematics simulated in the 4-flavour scheme, where the bottom quark
is no longer treated as a massless particle. This treatment corresponds
to the best available theoretical predictions and is expected to reduce
the uncertainties on this background.

T 9.9 Mon 18:00 Ti
ANN based jet assignment in the simultaneous inclu-
sive cross-section measurement of tt_:+H/tE+Z in the semi-
leptonic channel targeting bb decays at the CMS experiment
— oL UukAS ARMBRUSTER, ULRICH HUSEMANN, and JAN VAN DER LIN-
DEN — Institut fiir Experimentelle Teilchenphysik (ETP), Karlsruher
Institut fiir Technologie (KIT)

Higgs production in association with a top quark-antiquark pair
(tt4+H) is one of the main Higgs production channels at the Large
Hadron Collider (LHC). Additionally, the subsequent decay of the
Higgs boson into a pair of bottom quarks (H— bb) is one of the most
favored decay channels, due to the fact that b-jets are well distinguish-
able from other jet background (b-tagging).

This is why this study’s focus is on the tt+H decay chain. How-
ever, there occur some very similar processes, mainly the production
of a Z boson in association with a top quark-antiquark pair (tEJrZ)
and the associated production of bottom quarks with a pair of top
quarks (thrbb). Since these processes are very similar to the tt+H —
bb process, it is of vital importance to discriminate these from each
other.

One essential step for the discrimination of these processes is the cor-
rect assignment of the occurring jets to a certain hypothesis (e.g. bb
from Z boson) for any event. The jet assignment is quite challenging,
since there are many (b-)jets in a single event and therefore numerous
jet combinations are possible.

In this talk the strategy of jet assignment via Artificial Neural Net-
works (ANNSs) is presented, in contrast to traditional x2-methods.

T 10: Gaseous detectors

Time: Monday 16:00-18:15

T 10.1 Mon 16:00 Tj
A Cherenkov Position Micromegas — eMAXIMILIAN RINNAGEL,
OTMAR BIEBEL, MAXIMILIAN HERRMANN, CHRISTOPH JAGFELD, FE-
LiX KLITZNER, KATRIN PENSKI, CHRYSOSTOMOS VALDERANIS, FABIAN
VogEL, and RALF HERTENBERGER — LMU Miinchen

Detectors utilizing the Cherenkov effect have been well established for
particle identification 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 thick Cherenkov media. Our goal with this 10x10 cm? proto-
type is a proof of principle using cosmic muons. A traversing muon
creates around 700 Cherenkov photons in a 1-2 c¢cm thick ulta-violet
(UV) transparent LiF, CaF2 or MgF> window with an optical refrac-
tive index around 1.5 in the UV range. The conversion to electrons
happens in transmission in a photosensitive Csl layer at the bottom
of the radiator. High voltage around -300V, applied to a thin layer
of Chromium in between the crystal and the Csl, forces the electrons
into the drift region of a Micromegas, i.e. gaseous micro pattern detec-
tor, where the electrons are detected with excellent spatial resolution
after gas-amplification in the anode-stage of the detector. Overall ef-
ficiencies of 7% seem possible at transparencies of 60% through the
Chromium layer and conversion efficiencies around 12% in the CsI
layer. Thus, good momentum resolution and spatial resolution of an
incident muon particle will be achieved. We will present the detector
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design as well as studies concerning the transmission of the radiator
material and the predicted photon yield.

T 10.2 Mon 16:15 Tj
Photon Detection by a Structured Cathode of a Micro-
Pattern Gaseous Detector eKATRIN PENSKI, OTMAR
BieBEL, MAXIMILIAN HERRMANN, RALF HERTENBERGER, CHRISTOPH
JacreLD, FELIX KLITZNER, MAXIMILIAN RINNAGEL, CHRYSOSTOMOS
VALDERANIS, and FABIAN VoGEL — LMU Miinchen

Micro-Pattern Gaseous Detectors (MPGDs) are high-rate capable and
show an extremely good spatial and temporal resolution. Nevertheless,
due to the low density of the gas these detectors exhibit only a poor
detection efficiency for electrically neutral particles. For photons the
detection efficiency can be increased by using a solid converter cath-
ode which is made of high-Z materials. Even higher efficiencies are
obtained by stacking several tilted converter layers with large overlap
inside a MPGD. In an interaction process electrons are created which
have to be guided to the amplification and readout area for detection
which is achieved by a specific designed electric field configuration. The
tilted layers in combination with the electric guidance field act as struc-
tured cathode. In order to investigate the photon detection efficiency
measurements are performed using a prototype structured cathode, a
GEM detector and an 24! Am-source emitting 59.5 keV photons. These
results are presented and compared to corresponding simulations re-
garding the electron guiding efficiency, the electron distribution as well
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as the photon detection efficiency.

T 10.3 Mon 16:30 Tj
Developement of a low background GridPix detector for
IAXO — eToBiAs ScHIFFER, Kraus DgescH, MARKUS (GRUBER,
JocHEN KaMINsSKI, and SEBASTIAN ScHMIDT — Physikalisches In-
stitut, Universitdt Bonn

In the scope of the search for axions and axion like particles (Alps) with
helioscopes, like the International Axion Obeservatory (IAXO) and its
precurser BabyIAXO, detectors capable of measuring low energy X-
rays down to the 200 eV range are necessary. For this purpose the
GridPix detector is an appropriate solution, which has already been
used successfully at CAST.

The GridPix is a MicroMegas like readout consisting of a pixelized
readout ASIC (Timepix/Timepix3) with a perfectly aligned gas am-
plification stage on top of the ASIC. Due to the very high granularity
this detector is capable of detecting single electrons allowing the mea-
surement of low energy X-rays. To convert these X-rays into electrons
a gas volume is built above the readout sealed with an X-ray entrance
window.

For the goals of IAXO and BabyIAXO a very low background needs
to be achived with the detector, therefore only a few radiopure mate-
rials are contemplable. Also, to get a good signal to noise ratio the
X-ray entrance window needs to be as transparent as possible for the
low energy X-rays, while still maintaining a barrier between the detec-
tor gas and the vacuum system in front. This is achived with an ultra
thin (<200 nm) silicon nitride membrane.

The challenges and the status of the detector will be presented.

T 10.4 Mon 16:45 Tj
X ray reconstruction for IAXO using a Timepix 3 based
InGrid — Ivor FrLEck, eJAN HauN, and ULrRICH WERTHENBACH
— Center for Particle Physics Siegen, Experimentelle Teilchenphysik,
Universitat Siegen

We present a reconstruction algorithm for X ray photons in a gaseous
volume instrumented with a Gridpix. The algorithm is based on the
Cambridge Aachen algorithm for jet reconstruction. By recursive re-
combination, active pixels on the readout chip are combined to clusters
based on their distance to each other, combining the closest pair until
the minimal distance exceeds a threshold. Each pixel corresponds to
one electron from the primary ionisation.These clusters are subjected
to cuts to to reject background and noise. Several X ray energies are
investigated using iron-55 and X ray fluorescence of aluminum, copper
and rubidium to obtain an energy calibration for energies in the region
of interest for solar axion searches between 1 and 14 keV. In addition,
different cuts are investigated to separate signal and background. Un-
known energies can be reconstructed by the number of hits assigned
to the cluster and the calibration. The experimental setup operates
in an 80:20 mixture of argon and carbon dioxide at room temperature
and ambient pressure.

T 10.5 Mon 17:00 Tj
Commissioning of a Gas Monitoring Chamber for the T2K
Near Detector Upgrade — PHiLiIP HAMACHER-BAUuMANN, PauLa
Nenm, Paorina Norn, THomAs RADERMACHER, STEFAN ROTH,
eDavip Smyczek, and Nick THamm — RWTH Aachen University
- Physics Institute IIT B, Aachen, Germany

A pair of High Angle Time Projection Chambers (HATs) will be in-
stalled during the upgrade of the T2K near detector ND280. These
HATSs have the task to reconstruct particle tracks and energy loss at
high scattering angles of the final state charged leptons. The new Gas
Monitoring Chambers will continuously measure important electron
drift parameters, especially drift velocity and gain. This data will be
used in the calibration procedure to improve the resolution of the mea-
surement of the specific ionisation dE/dx and to guarantee the long
term stability of track reconstruction. The design, construction and
commissioning of a first prototype is presented.

T 10.6 Mon 17:15 Tj
Boron based neutron Time Projection Chamber — eDivya
PaLl, Kraus Descu!, JocnEn Kawminski!, MIcHEAL LUPERGER!,
and Markus Konuni'»2 — 1Physikalisches Institut, Universitdt Bonn

— 2Physikalisches Institut, Universitiat Heidelberg

Thermal neutrons have widespread applications ranging from funda-
mental physics tests to neutron tomography, solid-state physics and
medical physics, making their detection important. Thermal neutrons
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are traditionally detected with Helium-3 filled 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 Reconstruc-
tion (BODELAIRE) is being developed with the aim of providing high
spatial and time resolution in thermal neutron detection. The BODE-
LAIRE is based on the principle of a Time Projection Chamber (TPC)
with thin layers of Boron-10 neutron converters placed perpendicular
to a GridPix readout which will have Timepix3 as ASIC. The trigger
is placed along the field cage and consists of multiple layers: Boron,
scintillator and light readout. Thus, 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.

The concept and current development status of the BODELAIRE
will be presented.

T 10.7 Mon 17:30 Tj
Tracking-TPC for a Belle IT Upgrade — FLORIAN BERNLOCHNER,
JocHEN DINGFELDER, PETER LEwIs, e ANDREAs LOscHCKE CEN-
TENO, and CHRISTIAN WESSEL for the Belle II-Collaboration —
Physikalisches Institut der Rheinischen Friedrich-Wilhelms-Universitét
Bonn

The central drift chamber (CDC) in the Belle II experiment will suffer
from large cross-talk effects and high occupancy at full design lumi-
nosity of the SuperKEKB accelerator at KEK in Tsukuba, Japan.

In the context of a future upgrade of the Belle II tracking system,
the viability of removing the CDC and replacing its outer region with a
time projection chamber (TPC) is investigated. This upgrade scenario
would see the silicon layers in the inner region being extended into the
region not covered by the TPC.

The first-order and conceptual designs are simulated in the Belle 11
software. Of particular interest are the ion backflow characteristics
and the event overlap in the TPC.

Due to the high design luminosity at Belle II there will be a large
overlap in physics events due to the long drift time compared to the
event rate.

Beam background contributions are dominant in the number of hits
in the TPC volume. While a solid background rejection is part of
tracking studies not conducted in this project, it is outlined here how
the beam-induced background complicates tracking in the TPC.

T 10.8 Mon 17:45 Tj
A  simple method to the position resolu-
tion eLUCIAN SCHARENBERG Jona BorrrELDT®, FLoO-
RIAN BRUNBAUER', Kraus Drscu?, Francisco Garcia?, MAREK
Hracek!®, Djunes Janssensb® Marra Lisowskal:”7, MICHAEL
LupBERGER2, Hans MurLLer!, Huco NaraL pa Luz®, EraLDO
Ouiveri!, DoroTHEA PrEIFFER®!, HEIKKI PULKKINEN!Y, LESZEK
RopeLEWSKI', JEROME SAMARATI®!, MIRANDA VAN STENIS!, AN-
toNuA Utrosicic!, and Ros VEENHOF!10 — 1CERN — 2University
of Bonn — 3Ludwig Maximilian University of Munich — *Helsinki In-
stitute of Physics — 5Czech Technical University in Prague — SFree
University of Brussels — “Wroclaw University of Science and Technol-
ogy — 8ESS — 9VR Group — '°Bursa Uludag University

During the development of position-sensitive particle detectors, signifi-
cant efforts are spent on finding segmented readout electrodes that suit
the experimental requirements. The centre-of-gravity method is a pop-
ular choice to then reconstruct the position of the incident radiation.
However, the discretisation by the electrode causes an information loss,
leading to inaccuracies in the position reconstruction.

‘We present the observed inaccuracies and a simple method that re-
duces them. Using imaging techniques, we show that the reduction
is not the consequence of a smoothing effect. For these studies, we
made use of a hardware feature from our readout electronics (VMM3a
ASIC and RD51’s Scalable Readout System) that allows us to gain
more charge information. Afterwards, we present results with MIPs
that confirm the improved position resolution.

improve
1,2
k)

T 10.9 Mon 18:00 Tj
Particle position reconstruction using a segmented GEM foil
in a micro-structure gaseous detector — ¢ CHRISTOPH JAGFELD,
OTMAR BIEBEL, MAXIMILIAN HERRMANN, RALF HERTENBERGER, FE-
LIX KLITZNER, KATRIN PENSKI, MAXIMILIAN RINNAGEL, CHRYSOSTO-
MOs VALDERANIS, and FaABIAN VoGEL — LMU Miinchen

In Micromegas (Micro-MEsh GAseous Structures) detectors, a modern
form of micro-pattern gaseous detectors, the signal is usually read out
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via readout strips on the anode. The signal created at the mesh is usu-
ally neglected for the particle position reconstruction. By replacing the
mesh with a GEM (Gas Electron Multiplier) foil, which is segmented
into 0.5 mm broad readout strips on its side facing the anode readout
strips, the particle position can be determined on the "mesh" 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. First measurements with the new GEM foil will be presented.

T 11: Search for Supersymmetry |

Time: Monday 16:00-17:45

T 11.1 Mon 16:00 Tk
Analysis of the viable parameter space in the phenomeno-
logical MSSM using clustering algorithms with the ATLAS
detector. — eMarkus Eck and JEANETTE LorReENz — Ludwig-
Maximilians-Universitdt Miinchen

Supersymmetry (SUSY) is a theoretical framework extending the Stan-
dard Model of particle physics, potentially solving several of its short-
comings. In the search for supersymmetric particles with the ATLAS
experiment at the LHC, typically, simplified models are considered,
which contain a small number of parameters. These simplified models
focus on specific SUSY production scenarios with very specific decays.
Therefore, they may fail to capture effects that can result from the large
number of competing production and decay processes present in more
complete models. To resolve this, efforts are on-going to reinterpret
searches for supersymmetric particles in the 19-parameter phenomeno-
logical MSSM (pMSSM).

This talk presents an analysis of the part of the pMSSM parame-
ter space sensitive to electroweak supersymmetric particles. Models in
this parameter space not excluded by the current ATLAS search pro-
gram are analysed via clustering methods to find common properties.
The gained insight will help to improve the future search program for
supersymmetric particles.

T 11.2 Mon 16:15 Tk
Evaluating current LHC results in the pMSSM using Mad-
Analysisb — eMALTE MROWIETZ, SAM BEIN, and PETER SCHLEPER
— Universitdt Hamburg, Hamburg, Deutschland

The impact of 13 TeV LHC searches for supersymmetry on the
minimal supersymmetric standard model (MSSM) is evaluated using
MadAnalaysis5, in the context of the 19-parameter phenomenologi-
cal MSSM (pMSSM). Complementarity and possible tension between
the LHC data and results from dark matter, low energy physics, and
implications of fine-tuning are examined.

T 11.3 Mon 16:30 Tk
Impact of fundamental MSSM parameters on the SUSY
dark matter contribution oMARTEN BERGER!, SVEN
HeNEMEYER?, CHENG L13, GUDRID MoORTGAT-PI1ck!+3, CHRISTIAN
ScuaPPACHER®®, and GEorc WEIGLEIND3 — 1II. Institute of The-
oretical Physics, University of Hamburg, Germany — 2Instituto de
Fisica Teorica, Madrid, Spain — 3DESY, Hamburg, Germany —
4Karlsruhe University, Karlsruhe, Germany — SKIT, Karlsruhe, Ger-
many

The Minimal Supersymmetric Standard Model (MSSM) is one of the
best motivated extensions of the Standard Model (SM): it is of high
predictive power and can explain the main open questions of the SM.
For instance, it offers a well-motivated cold dark matter candidate. A
crucial question is therefore whether parameter sets within this model
can explain the correct amount of relic density with its cold dark matter
candidate. Since the mixing character can rapidly change depending
on the actual parameter point and consequently has immediate influ-
ence on the relic density contribution it is necessary to include one-loop
corrections in the calculations of the dark matter observables. In this
talk we will discuss two classes of possible scenarios and the impact of
the fundamental SUSY parameters on the resulting relic density.

T 11.4 Mon 16:45 Tk
Modelling Pair Production of Top Squarks with Decays via
Tau Sleptons in the pMSSM — eCHRIsTOPH AMES and ALEXAN-
DER MANN — Ludwig-Maximilians-Universitdt, Munich, Germany

The phenomenological Minimal Supersymmetric Standard Model
(pMSSM) is a simplified supersymmetric model that allows for a sys-
tematic probing of its parameter space due to its heavily reduced num-
ber of parameters. This work focuses on the comparison of three sim-
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plified models in the context of the pMSSM, in which a stop decays
via either a stau or a tau-sneutrino. The lightest supersymmetric par-
ticle is either a gravitino or a neutralino. These models are used to get
an understanding of how different particle decays are influenced by the
parameters of the pMSSM, and to find the boundaries for each model’s
phase space. Decay modes that compete with the simplified models
are also studied to determine how to suppress them. These compar-
isons are performed using random samples of model points, which are
configurations of particle masses and decay modes uniquely defined
by sets of pMSSM parameter values. The phase space of the model
generation has been adjusted to increase the likelihood that the model
points will contain the simplified models, whilst still allowing for an
uncompromising study.

T 11.5 Mon 17:00 Tk
Search for the production of a pair of stops in the all-hadronic
tt+MET channel using the ATLAS detector — e ArLvARO LOPEZ
Soris — DESY-Zeuthen

Supersymmetry (SUSY) is an extension of the Standard Model asso-
ciating to every fermion and boson known by now a scalar or fermion
partner respectively, called superpartners. There are several phe-
nomenological motivations of this extension, amongst which it is useful
to cite three: it provides a natural solution to the Higgs mass hierar-
chy problem, whose diverging diagrams caused by fermionic loops are
cancelled out by their corresponding superpartner-mediated loops; the
provision of a cold dark matter candidate; and the gauge coupling
unification at high energies.

Amongst all the versions of SUSY, I will focus on the one providing
a minimal extension of the Standard Model, also called MSSM. In this
theory, the top superpartner is crucial to the cancellation of the top
corrections to the Higgs mass. In addition, naturalness arguments sug-
gest that the superpartners of the third-generation quarks may present
a mass of the order of TeV, meaning that they might be accessible by
LHC collisions. In consequence, top partner search is a key point in
the SUSY searches in ATLAS.

In this talk, I will present search for the production of a pair of
top superpartners performed inside the ATLAS collaboration in the
tt-++MET channel. This search is focused on the all-hadronic decays of
the top-quark, thus requiring no lepton in the final state.

T 11.6 Mon 17:15 Tk
New physics searches in tt+MET final states in pp colli-
sions at 13 TeV with the ATLAS experiment — eSiMRAN GUR-
DASANI — Albert-Ludwigs-Universitat Freiburg, Freiburg im Breisgau,
Deutschland

This talk will report on preliminary results on a search for SUSY and
Dark Matter particles with the ATLAS experiment at the LHC using
139 fb~1 of pp data at 13 TeV. The targeted signals are the productions
of pairs of SUSY stop quarks and the production of DM candidates in
associations with a pair of top quarks via a new scalar or pseudoscalar
mediator, as predicted in DM simplified models or in 2HDM-+a mod-
els. The search focuses on events with either an electron or a muon
from the decay of one of the two top quarks. It will expand the reach of
a previous similar analysis by adding a new sample of events using sin-
gle lepton triggers and by deploying neural networks to reconstruct the
momenta of the top quarks and to classify the signal and background
events. The talk will give an overview of the physics motivation of the
search and will report on the ongoing developments of the analysis.

T 11.7 Mon 17:30 Tk
Search for Supersymmetry in Leptonic Final States with
the ATLAS Detector — eMARIAN RENDEL, MicHAEL HoOLZBOCK,
HuBerr KROHA, and SANDRA KORTNER — Max-Planck-Institut fiir
Physik (Werner-Heisenberg-Institut), Miinchen)

Supersymmetry (SUSY) is one of the best studied extensions of the
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Standard Model (SM) and as such the search for SUSY is a major part
of the ATLAS physics program. A SUSY models with scalar partners
of the SM leptons (sleptons) may address the muon g-2 anomaly, as
well as provide a viable candidate for Dark matter, and are thus of
particular interest. Due to their low production cross section and the
high Standard Model (SM) background, the search for sleptons is chal-

lenging. This motivates to employ multivariate methods to distinguish
between SUSY and the SM background. In this talk a search for slep-
tons in events with two same-flavor opposite-sign leptons and initial
state radiation topology is presented which uses 139 fb~! LHC proton-
proton collision data collected by the ATLAS experiment during the
years 2015 and 2018.

T 12: Search for New Particles |

Time: Monday 16:00-18:20

Group Report T 12.1 Mon 16:00 TI
Upcoming Experimental Axion Searches at DESY — eAARON
SpecToRrR — DESY, Hamburg, Germany

With the physics case for axions and axion-like particles growing ever
stronger, DESY is now set to host three upcoming axion searches,
ALPSII, a light shining through a wall experiment, BabyIAXO, a so-
lar axion helioscope, and MADMAX, a dark matter haloscope. While
the methods used in each of these experiments are different, all of them
utilize the Sikivie effect where axions convert to photons in the presence
of a DC magnetic field with a rate proportional to the coupling con-
stant ga~. Since they rely on different assumptions about the source
of the axions, these searches will target complementary regions of the
axion-like particle parameter space where evidence indicates these par-
ticles could exist. Together, their results will offer a cohesive picture
of gayy and potentially identify the cause of a number of phenomena
which cannot be explained by the standard model. This talk will in-
troduce these experiments and their sensitivity curves, in addition to
providing a status report and timeline for each of them.

T 12.2 Mon 16:20 TI
Optical Design of the ALPS II experiment — eTopp Ko-
zLowskl for the ALPS-Collaboration — University of Florida,
Gainesville, USA

Currently under construction at DESY, the Any Light Particle Search
(ALPS II) experiment will search for laboratory-generated axions and
axion-like particles via photon-axion coupling. The experiment ex-
ploits several optical techniques in order to improve sensitivity. Two
122-meter long optical resonators are enclosed within a string of HERA
dipole magnets. The first of these resonators is used to amplify the
power of a laser field circulating inside the strong magnetic field to
generate axions. This Production Cavity (PC) leads to an increase
in the axion flux rate which can be measured on the other side of a
light-tight barrier. For detection, a second resonator - the Regenera-
tion Cavity (RC) - improves the reconversion rate of axions to photons
which are measured with a heterodyne interferometer.

The optical systems must be actively controlled to assure that the
frequency of the light circulating inside the PC is simultaneously res-
onant with the RC, but without allowing any PC light into the RC
which would contaminate the detection. Additionally, the experiment
requires at least a 95% overlap between the eigenmodes of the PC cir-
culating light and the RC. This talk will discuss these challenges and
the designs which will soon be implemented to solve them to allow first
data-taking before the end of 2021.

T 12.3 Mon 16:35 TI
TES Detector for ALPS II — eRikHAv SHAH!, KATHARINA-
SopHIE ISLEIF?, FRIEDERIKE JANUSCHEK?, AXEL LINDNERZ, and
MarTHIAS ScHOTT! for the ALPS-Collaboration — 1JGU Mainz —

2DESY, Hamburg

The Any Light Particle Search IT (ALPS II) is a light-shining-through-
a-wall (LSW) experiment at DESY, Hamburg, attempting to detect
axions and axion-like-particles (ALPs). ALPS II will convert pho-
tons into axions/ALPs in an optical cavity. After passing through an
opaque, light-tight barrier, these particles enter another optical cav-
ity. Here, they can reconvert to photons and be detected. The de-
tection requires a sensor capable of observing the extremely low rates
of O(107°) Hz, necessitating a very low dark rate and high detection
efficiency. This can be achieved by using a TES, a Transition Edge
Sensor, which is a cryogenic calorimeter exploiting the drastic temper-
ature dependence of a material’s electrical resistance in its transition
region. We present the setup of a TES detector for ALPS II, its cur-
rent status, and the analysis and improvement of its backgrounds. The
viability and outlook of such a detector for the ALPS II experiment
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will be discussed, including future steps to understand its backgrounds
and measure the detection efficiency.

T 12.4 Mon 16:50 TI
Estimation of reconstruction and trigger efficiencies in search
for ALPs in Higgs boson decays at the LHC with ATLAS —
BERNARD BRICKWEDDE, PETER KRAMER, MARTEN MILDEBERGER,
KRrisToF SCHMIEDEN, MATTHIAS SCHOTT, and @ OLIVERA VUJINOVIC
— Johannes Gutenberg Universitidt Mainz

Some puzzling questions in particle physics, such as the strong CP
problem or the discrepancy of the muon magnetic moment could be
solved by introducing light scalar or pseudo-scalar axion-like particles
(ALPs). ALPs may be produced at the Large Hadron Collider in Higgs
decays. They further decay into a pair of photons (H — aa — 4v).
Depending on the ALP mass, the final photon-pairs will be recon-
structed either as one (merged) photon or as two resolved photons.
An artificial neural network (ANN) is used to identify merged photons
amongst the immense background from prompt photons and 79 from
SM processes. Our analysis is using data collected at LHC within the
ATLAS experiment. This talk will give an overview of the analysis’s
strategy to probe the ALP mass-coupling parameter space, including
the preliminary estimations of the acceptance, reconstruction and trig-
ger efficiencies using simulated Monte Carlo signal samples. The decay
length of the ALPs is non-negligible and has a significant impact on
the experimental acceptance, which will be discussed as well.

T 12.5 Mon 17:05 TI
Single-Photon Detector Development at DESY —
eKATHARINA-S. IsLEIF!, RikHAV SHAHZ?, FRIEDERIKE JANUSCHEK!,
AxeL LinDNER!, HarTMuT GRrOTE3, DMITRY MoRozov?, and
RoBERT HADFIELD?* IDeutsches Elektronen-Synchrotron
2Johannes Gutenberg Universitit Mainz — 3Cardiff University —

4James Watt School of Engineering, University of Glasgow

In recent years, single-photon detector technologies have been contin-
uously developed and improved. The advancement of photon-counting
technologies has significantly contributed to scientific progress and en-
abled real-world quantum technology applications such as quantum
key distribution. The performance of a single-photon detector can be
quantified in terms of spectral range, dead time, dark count rate and
detection efficiency, among others. The ALPS II axion-detection ex-
periment, which is currently under construction at DESY in Hamburg,
utilizes many of these properties, which we will highlight in this talk.
We will demonstrate how single-photon detectors are characterized,
what the current limitations of today’s detectors are and we will give
an outlook on the approaches we will study to undercut the given lim-
itations to realize single-photon detectors with a rate of 10~5 counts
per second and a detection efficiency of over 80% for 1064 nm photons.
The goal is to eliminate spurious events at energies of 1.17eV to be-
low 1 event per day when the detector is connected to an experiment
via optical fiber. Possible new detector structures will be addressed,
such as a cryogenic dual on-chip transition edge sensor, and discuss
low-noise optical interfaces and in-situ low-temperature optical filters.

T 12.6 Mon 17:20 TI
Deriving limits on ALPs coupling to the SM Higgs boson
in multiphoton events recorded at the LHC with ATLAS —
BERNARD BRICKWEDDE, ePETER KRAMER, MARTEN MILDEBERGER,
KRISTOF SCHMIEDEN, MATTHIAS ScHOTT, and OLIVERA VUJINOVIC
— Johannes Gutenberg Universitdt 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 parti-
cles (ALPs). Theoretic models allow a wide range of ALP-masses and
couplings to SM particles such as the photon and the Higgs boson.
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Therefore, 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.

In this talk, it will be discussed how limits on the ALP parameters
can be derived after selecting events with two, three or four photons
in the final state.

T 12.7 Mon 17:35 TI1
Searching for ALPs in light-by-light scattering in pp collisions
using AFP proton tagging with the ATLAS detector — PETER
Bussey!l, Tomas CroBoLa2, PETR DosTAL?, HussaiN Kitacawa3,
ARrTEM KRAVCHENKO?, ePATRICK ODAGIU?, ANDRE Sopczak?, Ju-
NICHI TANAKA®, GEN TaTENO®, and KoJ1 TErRAsHI? — ! University of
Glasgow — 2CTU in Prague — 3Okayama University — 4EPF Lau-
sanne — SICEPP University of Tokyo

The search for an Axion-Like-Particle (ALP) is being performed us-
ing about 20fb—! data recorded with the ATLAS experiment and the
ATLAS Forward Proton (AFP) detector in 2017. The AFP detector is
positioned symmetrically at approximately 220 m away from the inter-
action point near the beam pipe and is used to measure the kinematics
of surviving protons. The high-mass diphoton spectrum is studied to
search for an ALP mediated by light-by-light scattering. The investi-
gated mass range is between 0.1 TeV and 2 TeV ALP with a typical
coupling g = 1 TeV~!. Data containing photon information and AFP
containers are prepared. A blinding strategy is established, along with
the next steps in this search.

T 12.8 Mon 17:50 TI
Search for off-shell ALPs in ATLAS — ¢VINCENT GOUMARRE —
Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany

An Axion Like Particle (ALP) is a Dark Matter candidate, but its
expected small mass makes it difficult to detect in resonance searches
at the LHC. However, it is possible to search for ALPs as off-shell me-
diators in s-channel processes (Phys. Rev. Lett. 124, 051802 (2020)).
‘We report results based on ATLAS measurements of differential cross-
section of pp->Z~ and pp->WW production. This study leads to new
constraints on the allowed parameter space in the context of an effec-
tive field theory model for ALPs with mass smaller than 100 GeV.

T 12.9 Mon 18:05 TI
LHC Constraints on Axion-Like Particles and Their Cou-
pling to Top Quarks — eHENRIK JaBUScH, KsENIA DE LEO, PAoLO
GUNNELLINI, JOHANNES HALLER, RoMaN KoGLER, and MATTHIAS
SCcHRODER — Institut fiir Experimentalphysik, Universitdt Hamburg

We investigate the possibility of axion-like particle (ALP) production
at the LHC. At high-energy proton-proton collisions, ALPs could arise
as off-shell mediators. Employing a model-independent effective field
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 tt system.

We reinterpret a search by CMS for resonant ¢ production in the
lepton+jets final state, based on 35.9fb~! of 13 TeV data. While the
analysis is not optimized for non-resonant production, it allows us to
study constraints on the ALP-top quark coupling for the first time.

T 13: Cosmic Rays |

Time: Monday 16:00-18:20

Group Report T 13.1 Mon 16:00 Tm
The Pierre Auger Observatory — Status, Results, Prospects*
— eMicHAEL ScHIMP for the Pierre Auger-Collaboration — Bergische
Universitdt Wuppertal, Gaufistr. 20, 42119 Wuppertal

The Pierre Auger Observatory is the world’s largest observatory for
ultra-high energy cosmic rays (UHECRSs), covering an instrumented
area of 3000 km?2. Tts 1660 Surface Detector (SD) stations and 27
Fluorescence Detector (FD) telescopes are designed to collect data of
unprecedented statistics and quality.

Recent results have revealed new features in the energy spectrum
of UHECRs, while their mass composition is best described as mixed
with increasing primary particle masses towards the highest energies.
Additionally, several significant large- and medium-scale anisotropies
have been established. Searches for neutrinos and photons have yielded
the most significant constraints on their fluxes in a substantial energy
and directional range. Furthermore, the data indicate that there are
significantly more muons produced in air showers than expected in
state-of-the-art simulations. About 1600 elves, lightning-related lumi-
nous events in the ionosphere, have been detected with the FD, making
it a unique contributor to high-energy atmospheric physics research.

An upgrade of the Pierre Auger Observatory, called AugerPrime,
is nearing completion. It will add scintillation and radio detectors
together with improved electronics to the SD stations. AugerPrime
will improve particle identification and therefore enhance the overall
UHECR mass composition sensitivity for the full-duty-cycle SD.
*Supported by BMBF Verbundforschung Astroteilchenphysik

T 13.2 Mon 16:20 Tm
Performance of the surface detector calibration of the Pierre
Auger Observatory — @ALEXANDER STREICH, DAVID SCHMIDT,
Darko VEBERIC, MAarRkUS RoTH, and RaLpH ENGEL for the Pierre
Auger-Collaboration — Karlsruher Institut fiir Technologie (KIT),
Karlsruhe, Deutschland

After more than a decade since the start of its data acquisition, the
Pierre Auger Observatory is undergoing a major upgrade phase, the so-
called AugerPrime upgrade. This phase includes, among other things,
the installation of a variety of new detector components and the re-
placement of the electronics boards of all the 1660 Surface Detector sta-
tions. With the accompanying changes of hardware and software, the
adaptation of the calibration procedures of the different detectors and
devices becomes essential. This presentation focuses on the analysis of
the calibration performance of both, the currently implemented algo-
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rithms of the non-upgraded Surface Detector stations, as well as the
modifications and optimizations applied to these algorithms to match
the changes in the data. In addition, we provide a short overview on
the current status of the AugerPrime upgrade.

T 13.3 Mon 16:35 Tm
Improved reconstruction of events recorded by the surface
detector of the Pierre Auger Observatory — e¢QUENTIN LUCE
for the Pierre Auger-Collaboration — Karlsruhe Institute for Tech-
nologie, Karslruhe, Germany

For the last fifteen years, the Surface Detector of the Pierre Auger Ob-
servatory is continuously recording, at ground level, the footprint of
Extensive Air Showers initiated by Ultra-High Energy Cosmic-Rays.
Each triggered Water-Cherenkov detector participating in an event,
provides two information: the time at which the first particles of the
shower hit the detector and the signal produced by all the particles
going through it. While from the timing information the arrival direc-
tion of cosmic-rays is reconstructed, its energy is estimated, using the
signal information, with the reconstruction of the lateral profile and
the determination of the shower size S(1000). With increase of statis-
tics and the evolution of our knowledge, this reconstruction procedure
is improving. The latest developments of the algorithms, i.e. correc-
tion of the azimuthal asymmetries, improvements of the lateral profile,
used to reconstruct the properties of the cosmic-rays and the resolution
associated to these developments are described in this presentation.

T 13.4 Mon 16:50 Tm
Correction of the asymmetry of the signal measured by the
surface detector of the Pierre Auger Observatory — ¢ QUENTIN
Luce for the Pierre Auger-Collaboration — Karlsruhe Institute fiir
Technologie, Karslruhe, Germany

For the last fifteen years, the Surface Detector (SD) of the Pierre Auger
Observatory is continuously recording the footprint of Extensive Air
Showers (EAS) initiated by Ultra-High Energy Cosmic-Rays at ground
level. To reconstruct most accurately as possible the lateral profile of
the EAS recorded, the asymmetry of the signal measured by the water-
Cherenkov detectors has to be corrected. The correction applied is first
derived from simulated data sets, from which the true arrival direction
and thus the position of each detectors in the shower-plane is known.
In addition to the SD, 27 fluorescence telescopes are deployed look-
ing over the SD. Thus a sub-set of events can be reconstructed by
two independent procedures. Thanks to this hybrid design, the use of
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simulated data sets is complemented by a study of hybrid events to
optimize the correction, specially with an addition of a scaling factor
of the muonic component of the EAS. This addition takes into account
the discrepancies between measured and simulated data on the number
of muons published in the litterature.

T 13.5 Mon 17:05 Tm
Propagation of core uncertainties in subordinate surface de-
tector reconstructions at the Pierre Auger Observatory —
eToBI1AS ScHULZ, DavID ScHMIDT, QUENTIN LUCE, DARKO VEBERIC,
and Markus Rotn for the Pierre Auger-Collaboration — Karlsruhe
Institute of Technology, Institute for Astroparticle Physics, Karlsruhe,
Germany

A better understanding of ultra-high-energy cosmic rays is one of the
goals of the AugerPrime upgrade at the Pierre Auger Observatory.
Together with the existing Water Cherenkov Detectors, Surface Scin-
tillation Detectors are currently being deployed to measure air showers
induced by cosmic rays. The measured signals of these detectors are
samples of the shower footprint at ground and are also dependent on
the distance to the shower axis.

The shower geometry reconstructed from measurements of the Wa-
ter Cherenkov Detectors of the surface detector array is commonly
used in subsequent steps of event reconstruction, especially those per-
taining to subordinate detectors, such as the scintillator detectors. An
uncertainty on the reconstructed position of the shower core translates
into uncertainties in the position of each station relative to the true
location of the core. The uncertainties of the core position may there-
fore influence the results of shower reconstructions of other detector
measurements and thus should be propagated into the subsequent re-
construction procedures. Here, we present a method of propagating
core uncertainties and the resulting impact on the reconstruction of
the shower size with the Surface Scintillation Detector.

T 13.6 Mon 17:20 Tm
A new end-to-end calibration of the fluorescence detector
of the Pierre Auger Observatory — eCHRISTOPH SCHAFER for
the Pierre Auger-Collaboration — Institute for Astroparticle Physics,
Karlsruhe Institute of Technology (KIT)

A crucial part of the Pierre Auger Observatory is the fluorescence de-
tector composed of 27 large-aperture wide-angle Schmidt telescopes.
In the past, the absolute calibration of these fluorescence telescopes
was performed with a large-diameter light-source, which illumines the
whole aperture of one telescope at once, roughly once every three years,
while a relative calibration is performed every night. In this contri-
bution a new technique for an absolute end-to-end calibration of the
fluorescence telescopes is presented. This new technique employs a cal-
ibrated portable Lambertian light-source which scans across the aper-
ture of each telescope. The analysis of the readout of the PMT camera
at each position of the light source provides an absolute calibration of
the telescope. We will give a brief overview of this novel calibration
method and its current status, as well as preliminary results from the
measurement campaigns performed so far.

T 13.7 Mon 17:35 Tm
Measurement of laser tracks from the Aeolus satellite with
the Pierre Auger Observatory — eFELIx KNnapPp for the Pierre
Auger-Collaboration — Karlsruher Institut fiir Technologie

The Pierre Auger Observatory is the world’s largest experiment for the
observation of ultrahigh-energy cosmic rays. These cosmic-ray parti-
cles initiate extensive air showers in the atmosphere that can be studied
via the measurement of secondary particle densities with surface de-

tectors or by the observation of the light induced by a shower along its
trajectory through the atmosphere with fluorescence telescopes.

Aeolus is a satellite operated by the ESA. It uses an UV-laser pointed
towards Earth to measure the flow of air in the atmosphere. This laser
beam traverses the Pierre Auger Observatory several times throughout
the year. Light that scatters off the laser beam produces tracks in the
atmosphere that trigger the fluorescence telescopes of the observatory.

In this talk we will give an overview of the reconstructed laser shots
and the possibility of utilizing them for a study of aerosols over the
Observatory.

T 13.8 Mon 17:50 Tm
Calibration of the Underground Muon Detector in the Pierre
Auger Observatory — eMARINA SCORNAVACCHE!2, FEDERICO
SaNcHEz!, JUuAN MANUEL Ficueiral, Markus Rorn2?, and ANA
MAaRTINA BoTT1}2 for the Pierre Auger-Collaboration — !Instituto de
Tecnologias en Deteccion y Astroparticulas, Comision Nacional de En-
ergia Atomica, Buenos Aires, Argentina — 2Institut fiir Astroteilchen-
physik, Karlsruher Institut fiir Technologie, Karlsruhe, Deutschland

The Pierre Auger Observatory was designed to answer the key ques-
tions about the origin and composition of ultra-high energy cosmic
rays. One of the most sensitive observables to the mass composition
is the muon content of the air showers. The Underground Muon De-
tector (UMD) is optimized to perform a direct measurement of this
component in the ankle-region of the energy spectrum and has two
complementary ways to estimate the number of muons: counting mode
and integrator mode. In case of the integrator mode, the output signal
is based on the total signal charge and the number of muons can be
estimated by dividing this signal by the mean charge of a single muon.
In this work, we show how to calibrate the integrator on simulations
to obtain the mean charge left by a single muon. In order to compare
with UMD field data, simulations of a single muon were performed fol-
lowing the distributions on energy and zenith angle of the atmospheric
muons. The simulated muons were also asked to satisfy the same con-
dition of recontruction that is requested (for the binary channel) in the
field. We will report on the status and recent developments.

T 13.9 Mon 18:05 Tm
Measurement of the ultrahigh-energy cosmic-ray composi-
tion using a Markov Chain Monte Carlo approach — eOLENA
TkAcHENKO for the Pierre Auger-Collaboration — Institute for As-
troparticle Physics, Karlsruhe Institute of Technology, Germany

To understand the nature and to constrain the possible astrophysical
sources of ultrahigh-energy cosmic rays (UHECRs) the determination
of the mass composition is essential. One of the most sensitive observ-
ables to the cosmic-ray mass composition is the depth of atmospheric
shower maximum, Xmax. The fractions of different mass groups can be
estimated by comparing the Xmax distributions, as measured by the
Fluorescence Detector of the Pierre Auger Observatory, to the predic-
tions obtained from air shower simulations.

In this talk we present an estimate of the mass composition from
the Xmax distribution with the Markov Chain Monte Carlo methods
(MCMC). We test the performance of the algorithm on the simulated
data with different benchmark mass composition scenarios and study
the statistical properties of the outcome. Furthermore, we fit real
data from the Pierre Auger Observatory and compare the estimated
fractions with the previous results. The most important advantage of
the MCMC mass composition analysis is the possibility to sample from
the posterior distribution of the composition fractions. We will present
the example applications like the average rigidity of cosmic rays as a
function of energy.

T 14: Pixel detectors |

Time: Monday 16:00-18:15

T 14.1 Mon 16:00 Tn
Development of MAPS in 65nm CMOS Imaging Technology
— ®ADRIANA SIMANCAS, SIMON SPANNAGEL, ANASTASIIA VELYKA,
and LENNART HuTH — Deutsches Elektronen-Synchrotron, Hamburg,
Deutschland

Monolithic CMOS sensors have found their way through imaging tech-
nologies into High Energy Physics thanks to its multiple advantages in
particle detection. Their main characteristic is the integration of the
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sensor and the readout in a single chip, which provides a reduction in
production effort, costs and material. As part of the next generation
of silicon pixel sensors that are usually employed as tracker and vertex
detectors, a 65 nm CMOS sensor is being investigated at DESY. Device
simulations (TCAD) are needed to develop the understanding of this
technology and to obtain inputs for Monte Carlo simulations (Allpix?).
The outcomes of these simulations can give an important insight into
performance parameters of the sensor, which will be tested in experi-
ments later on. This contribution will present the latest developments
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and simulation results of a 65 nm CMOS sensor.

T 14.2 Mon 16:15 Tn
Development of a Monolithic Pixel Sensor with sub-
nanosecond Time Resolution in BICMOS — Heiko AucusTIN!,
Ivan PEric?, ANDRE ScHONING!, and eBENJAMIN WEINLADER! —
LPhysikalisches Institut, Universitit Heidelberg — 2IPE, Karlsruher

Institut fiir Technologie

In the field of particle physics, High Voltage Monolithic Active Pixel
Sensors (HV-MAPS) are promising candidates to fulfil the high de-
mands on spatial and time resolution of modern detectors. The Mu3e
experiment with its development of the MuPix sensor has strongly
driven this technology in recent years. By using a 180nm HV-
CMOS technology, a typical time resolution in the order of 5ns was
achieved. To improve this further, the combination of HV-MAPS
with a BiCMOS process opens up further possibilities, which was
proven in the scope of the TT-PET project at the university of Geneva
(Y. Bandi et al. 2018 JINST 13 C01007).

Following this concept and based on the experience with developing
the MuPix a subsequent R&D project was started, with the ambi-
tion to achieve a time resolution in the sub-nanosecond regime. For
this purpose the BICMOS technology SG13S from IHP is used, which
offers great advantages for high-frequency circuits. Using Cadence
Virtuoso® a small pixel layout with a size of 25 x 25 um? was de-
signed. Simulations with a signal corresponding to a MIP showed high
performance with a ToA Jitter of o7,4 = 86 ps and an ENC = 205e~.

T 14.3 Mon 16:30 Tn
Study of current, capacity and thermal runaway of hadron-
irradiated silicon sensors — INco Brocu!, Heiko LACKERZ,
oFELIX RIEMER?, and CHRISTIAN SCHARF? — !Deutsches Elektronen-

Synchrotron DESY — 2Humboldt-Universitit zu Berlin

Silicon sensors are widely used in HEP experiments for particle track-
ing and calorimetry. One of the problems silicon detectors are facing
is the increase of leakage current due to radiation damage. Leakage
currents generate considerable heat for large detectors. At the same
time, the leakage current increases with increasing sensor temperature.
Therefore, catastrophic thermal runaway can occur with accumulated
radiation damage during service if the cooling performance falls short
of the demands. In order to estimate the effects, capacitance and cur-
rent of irradiated silicon diodes have been measured as a function of
particle fluence, temperature, bias voltage, cooling power, and for dif-
ferent pad areas. The diodes were irradiated with 70 MeV /c protons
and 1 MeV /c neutrons to equivalent fluences between 1E13 cm™2 and
5E16 cm~2. A parametrization to describe the reverse current of highly
irradiated silicon sensors and an analytical model for thermal runaway
were used to estimate the critical parameters. A setup was built to
confront the model with measurements within its validity range. Run-
away was achieved and the existing analytical model was tuned using
experimental data. The results can be applied to estimate the change
of the heating power of silicon sensors in harsh radiation environments
and the cooling infrastructure which is necessary to prevent thermal
runaway in future ATLAS operation and other future detectors.

T 14.4 Mon 16:45 Tn
Evolution of currents in irradiated DEPFET sensors —
eMARIKE SCHWICKARDI!, ARIANE FREY!, BENJAMIN SCHWENKER!,
Boruo Pascuen?, Georcio GiakousTipis?, and HARRISON
ScHrREECK! — 1II. Physikalisches Institut, Georg-August-Universitét
Gottingen, Friedrich-Hund-Platz 1, 37077 Goéttingen, Deutschland —

2Physikalisches Institut Uni Bonn, Nufallee 12, 53115 Bonn

The Belle II experiment at the Japanese Super B-factory SuperKEKB
has started data taking in early 2019, the peak luminosity will be
ramped up to 8-103°cm~2s~1, which is 40 times higher than the previ-
ous luminosity at the Belle experiment, which was therefore upgraded
with a new DEpleted P-channel Field Effect Transistor (DEPFET)
based silicon pixel detector (PXD) for vertex detection. The silicon
bulk, on which the field-effect transistors form the individual pixels, is
biased by different voltages enabling bulk depletion, charge collection
and charge removal.

Due to the much harsher environment, the radiation hardness of the
equipped sensors in the PXD has to be well understood and is inves-
tigated. Especially, since during operation in the Belle II environment
with only small neutron fluences, an increase in the bulk depletion
current could be observed. Therefore, x-ray irradiation studies were
conducted to investigate the current behaviour of the sensors. This
talk will present observations on the sensor performance during an ir-
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radiation campaign with doses of up to 18.5 Mrad in the silicon oxide.

T 14.5 Mon 17:00 Tn
Characterization of a depleted monolithic active pixel sen-

sor in 180 nm TowerJazz technology — IvaN BERDALOVICZ,

oCHRISTIAN BEspIN!, IvaAN CaIcEDO SIERRAL, ToMasz HEMPEREK!,
Toko Hirono!, Faian Huccine!, Hans Krtcer!, THANU-
saN Kucarnasan?, Cesar Avcusto MARIN Toson?, Kon-
STANTINOS MousTakas!, Heinz PERNEGGER2, WALTER SNOEYSZ,
TiaNyaNG WANG!, NorBERT WERMEsS', and JOCHEN DINGFELDER!

— !Physikalisches Institut, Universitit Bonn — 2CERN, Genf

The high-luminosity upgrade of the LHC (HL-LHC) imposes new re-
quirements on the detectors. With the availability of highly resistive
silicon in commercial CMOS processes, there are ongoing efforts to
build depleted monolithic active pixel sensors (DMAPS) for high en-
ergy particle detectors. TJ-MonoPix is a prototype of such a pixel
sensor in 180 nm TowerJazz technology. It is designed for usage in
high-radiation environments such as the HL-LHC. The pixels with a
small collection electrode design and pixel pitch of 36 um * 40 um are
read out using a column-drain readout architecture.

In this talk, results from measurements with radioactive sources and
in test beams will be presented. Furthermore, an overview of the on-
going work towards a future chip in this CMOS technology will be
shown.

T 14.6 Mon 17:15 Tn
Inter-pixel resistance measurements of passive CMOS sen-
sors — eSINUO ZHANG, Davip-LEoN PonL, Tomasz HEMPEREK, and
JocHEN DINGFELDER — Physikalisches Institut, University of Bonn,
Nussallee 12, 53115 Bonn, Germany

Using commercial CMOS chip fabrication lines, the so-called "passive
CMOS” pixel and strip sensors have become an interesting alternative
to standard planer sensors. To achieve and maintain a high spatial
resolution for operating in HEP experiment facilities with high radia-
tion levels, it is important to understand how the resistance between
electrodes changes after irradiation for various implant geometries. We
present results on the measurements of the inter-pixel resistance of n-
on-p passive CMOS sensor test-structures fabricated in the LFoundry
150nm CMOS technology. The inter-pixel resistance of two types of
test-structures: 1) p-stop isolation and 2) field plate between pixel im-
plants, were evaluated by fitting the current-voltage behavior between
a single pixel and the surrounding pixels. Results from the samples af-
ter 14MeV proton irradiation reveal a drop of the inter-pixel resistance
for both types of the structures, with respect to the un-irradiated sam-
ples. An improvement of the inter-pixel resistance has been observed
after applying appropriate voltages on the inter-pixel field plate.

T 14.7 Mon 17:30 Tn
Radiation hardness and development of a large electrode
DMAPS design in a 150 nm CMOS process — eIvaN CAICEDO,
CHRISTIAN BESPIN, JOCHEN DINGFELDER, ToMAsz HEMPEREK, T'OKO
Hirono, FaBiaAN HtOcacing, Hans KRrRUGER, P1oTR RyMASzZEwWSKI,
TiaNYANG WaANG, and NORBERT WERMES — Physikalisches Institut,
Universitdt Bonn. Bonn, Germany.

Monolithic CMOS active pixel sensors in depleted substrates
(DMAPS) are an attractive development for pixel tracker systems in
high-rate collider experiments. The radiation tolerance of these devices
is enhanced through technology add-ons and careful design, which al-
low them to be biased with large voltages and collect charge through
drift in highly resistive silicon bulks.

LF-Monopix1 is the first DMAPS with a fully functional column-
drain readout architecture. It was designed in a 150 nm CMOS pro-
cess that made it possible to place and isolate each pixel’s front-end
circuitry within a charge collection electrode of a size comparable to
the pixel area. This talk will summarize the chip performance and
focus on its radiation hardness. Measurements on irradiated samples
showed an in-time detection efficiency of ~ 97% after a NIEL dose of
1 x 10%%neq/ecm?. In addition, their gain did not degrade and their
noise increased by 25% after a TID dose of 100 MRad from X-rays.

In the end, an overview and initial test results of the new prototype
chip LF-Monopix2 with increased column length, reduced pixel pitch
and design changes motivated by measurement results will be given.

T 14.8 Mon 17:45 Tn
CAD Simulation and Testbeam characterization studies of
High-Voltage Monolithic Active Pixel Sensors — eANNIE
MENESES GONZALEZ ON BEHALF OF THE HV-MAPS CONSORTIUM
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— Physikalisches Institut, Universitat Heidelberg

Modern particle physics experiments set high requirements on the sen-
sor technologies for their tracking detectors. High-Voltage Monolithic
Active Pixel Sensors (HV-MAPS) are ideal for tracking low momentum
particles at very high rates. This technology has been chosen as the
baseline for the Mu3e Pixel Tracker and is under study for application
in future detectors for PANDA, P2, CLIC, and LHCb.

In this talk, an HV-MAPS engineering run developed within the
HV-MAPS consortium will be presented. The results include sensors
manufactured by TSI Semiconductors, implemented in a commercial
180-nm High-Voltage CMOS process, with different pixel sizes and
in-pixel electronic. Technology Computer Aided Design (TCAD) sim-
ulations and testbeam campaigns at DESY are used to characterize
the sensors, aiming for a comprehensive understanding of their char-
acteristics

T 14.9 Mon 18:00 Tn
Radiation tolerant small-pixel passive CMOS sensors with
RD53A readout — eYanNick DIETER, MICHAEL Daas, Tomasz
HEMPEREK, FABIAN HUGacING, JENS JANSSEN, HANsS KRUGER, DAVID-
LeoN Ponr, Tianvyanc WaNG, NorRBERT WERMES, PascalL WoLr,

and JocHEN DINGFELDER — Physikalisches Institut der Universitat
Bonn

With the HL-LHC upgrade of the ATLAS detector, the surface of the
ATLAS pixel detector will increase from 2 m? to approximately 13
m?. Therefore, commercial CMOS processing lines offering high pro-
duction throughput at comparatively low costs represent an attractive
option for such large-area detectors. Further benefits originate from
multiple metal layers, metal-insulator-metal capacitors, and polysilicon
layers which offer enhanced sensor designs through additional routing
options.

Thinned, small-pixel passive CMOS sensors in 150 nm technology
offered by LFoundry were manufactured and assembled to hybrid pixel
modules using the RD53A readout chip.

The sensors were characterized, before and after irradiation to flu-
ences of 5x10'%neq/cm? and 1x10'%neq/cm?, in the laboratory and
also using a minimum ionising electron beam. Their performance in
terms of noise and hit-detection efficiency equals that of conventional
planar pixel sensors. Special emphasis will be put on the results af-
ter a fluence of 1x100neq/cm? yielding a hit-detection efficiency of
approximately 99 %.

T 15: Experimental methods |

Time: Monday 16:00-18:30

T 15.1 Mon 16:00 To
Simulation of background reduction in KATRIN via induced
de-excitation of Rydberg atoms with terahertz radiation —
eENRrRICO ELLINGER for the KATRIN-Collaboration — University of
Wuppertal

A major background in the neutrino mass experiment KATRIN is sup-
posed to originate from the ionization of Rydberg atoms within the
main spectrometer (MS) volume. In Rydberg atoms one or more elec-
trons have a high principal quantum number n resulting in a large
orbital radius and long decay periods in the ms range. Once produced
by radioactive processes in the surface of the MS vessel wall the neu-
tral Rydberg atoms can travel through the whole MS before they get
ionized by thermal radiation and finally accelerated towards the main
detector producing the background. Terahertz radiation can be used
to stimulate An = +1 transitions to states from where spontaneous
de-excitation to ground state is faster (us range). This approach was
pioneered by the anti-hydrogen community at CERN. However, due
to the very different environment in comparison to atomic trap ex-
periments the feasibility at KATRIN must be examined. This study is
presented as well as the first draft of an experimental set-up for testing
this new method.

T 15.2 Mon 16:15 To
Investigating the reduction in Rydberg Background —
eSHIVANT RaMAcHANDRAN for the KATRIN-Collaboration — Bergis-
che Universitaet Wuppertal, Wuppertal, Germany

The KArlsruhe TRItium Neutrino experiment (KATRIN) is aimed at
measuring the effective mass of the electron-antineutrino with a sensi-
tivity of 0.2 eV/c2. This will be achieved by inspecting the endpoint
of the beta-electron spectrum of Tritium. There are many known con-
tributors to the background in the measured signal of the KATRIN
experiment. The most dominant background source are the electrons
produced by thermal ionization of Rydberg atoms which are highly
excited atoms with large principal quantum numbers. In this talk the
methods of de-excitation of the Rydberg atoms will be discussed and
a mechanism for the same to the ground state in the KATRIN main
spectrometer will also be investigated. THz and or microwave radia-
tion allows for stimulated de-excitation hence reducing the lifetime of
Rydberg atoms. This approach was pioneered by the anti-hydrogen
community at CERN. The irradiative power needed for de-excitation
and its efficiency will also be studied.

T 15.3 Mon 16:30 To
Angular selective detection of electrons with a microchannel
plate detector — ePaTrick OELPMANN, KEVIN GAUDA, VOLKER
HanNEN, Tim KONIG, ALEXEY LokHOV, HANS-WERNER ORTJOHANN,
and CHRISTIAN WEINHEIMER — Institut fiir Kernphysik, Miinster,
Deutschland
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Location: To

The Karlsruhe Tritium Neutrino Experiment (KATRIN) aims at de-
termining the electron neutrino mass with a sensitivity of 0.2eV/c?
from a precision measurement of the tritium S-decay spectrum. The
analysis of the first science run allowed to set a new upper limit of
1.16V/c? at 90 % confidence level.

To reach the target sensitivity an ultra-low background is a key re-
quirement. However, currently the background in KATRIN exceeds
its design value, creating demand for new techniques of background
reduction. To this end, several background suppression methods have
been proposed or have already been implemented. A promising idea is
to make use of the different angular distribution of electrons produced
in tritium B-decay compared to those produced by the dominant back-
ground mechanism, which is ionization of Rydberg states in the volume
of the KATRIN main spectrometer. The talk will focus on first tests
of angular selective detection of electrons with microchannel plate de-
tectors.

This project is supported by BMBF under contract number
05A20PMA.

T 15.4 Mon 16:45 To
VAE-WGAN and Fast simulation of Electromagnetic
Calorimeter Responses — eJUBNA IRAKKATHIL JABBAR?, GUN-
TER QuasT?, FLOrRIAN BERNLOCHNER!, and PABLO GOLDENZWEIG?
— 1University of Bonn, Germany — 2Karlsruhe Institute of Technol-
ogy, Germany.

The simulation of particle showers in electromagnetic calorimeters with
high precision is a computationally expensive and time consuming pro-
cess. Fast simulation of particle showers using generative models have
been suggested to significantly save computational resources.In this
study, the energy responses of electromagnetic calorimeter for elec-
trons and pion showers are used to train a deep learning generative
model. The model is a combination of Wasserstein GAN and Varia-
tional Autoencoder.Once the model is trained, the generator of the
model is used to generate particle shower simulations providing noise
vectors as input.The generated particle showers are cross-checked with
the Geant4 showers using various observables.

T 15.5 Mon 17:00 To
The Acoustic Module for the IceCube Upgrade — ¢ CHRISTOPH
GUNTHER, JURGEN Borowka, DIRK HEINEN, ANDREAs NOLL,
MAXIMILIAN SCHARF, LARS STEFFEN WEINSTOCK, CHRISTOPHER
WieBUscH, and SiMoN ZIERKE for the IceCube-Collaboration —
RWTH Aachen 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, capa-
ble of receiving and sending acoustic signals. By trilateration, these
will provide a position calibration of the sensor strings with a resolu-
tion of about 10 cm. Additionally, glaciological measurements of the
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acoustic ice properties are planned. In view of the future IceCube-Gen2
detector, this system will provide an important proof of principle for
the reliable position determination on distance scales of a few hundred
meters. The design of the modules and the status of the development
are presented in this talk.

T 15.6 Mon 17:15 To
Ppm precise high voltage: Advanced post regulation
and absolute calibration — eCAROLINE RoDENBECK!, THOMAS
TuOoMMLER?, and SascHA WUsTLING® — lInstitut fiir Kernphysik,
WWU Miinster — 2IKP, Karlsruher Institut fiir Technologie — 3IPE,

Karlsruher Institut fiir Technologie

The Karlsruhe Tritium Neutrino (KATRIN) has started data taking
to determine the neutrino mass using tritium beta decay spectroscopy.
Use of a MAC-E filter type spectrometer enables a precise measure-
ment of the spectrum’s endpoint region. For KATRIN to reach its
neutrino mass sensitivity target of 0.2eV/c? (90% C.L.), the spectrom-
eter’s retarding potential needs to be stable within 60 mV. This requires
the system that creates the retarding potential as well as the system
that measures it to be stable within 3 ppm at -18.6 kV on a wide range
of time scales, from several months down to 1 us (1 MHz).

Measuring the retarding potential at the ppm level is done using
custom-built high-voltage dividers. Their stability has been proven
with a variety of calibration methods over more than a decade. More
recently, an absolute calibration technique with 1 ppm precision is be-
ing used to perform on-site calibrations. The advanced post regulation
system — a feedback loop between the post regulation and one of the
precision high-voltage dividers — stabilizes the high voltage on a sub-
ppm level for time scales down to 1 us.

The talk presents the absolute calibration method and the advanced
post regulation system. This project is supported by BMBF under
contract number 05A20PMA and HGF.

T 15.7 Mon 17:30 To
Compton Scanner Messungen an Germaniumdetektoren —
oFELIX HacEMANN fiir die GeDet-Kollaboration — Max-Planck-
Institut fir Physik, Miinchen

In der Grundlagenforschung werden Germaniumdetektoren z.B. bei der
Suche nach neutrinolosem Doppelbetazerfall oder dunkler Materie ver-
wendet. In vielen dieser Experimente ist das bestmdogliche Verstédndnis
der Physik und der Pulsentstehung in diesen Detektoren essentiell. Seit
Mitte 2019 betreibt die GeDet Gruppe am Max-Planck-Institut fir
Physik einen Compton Scanner zur Untersuchung von Germaniumde-
tektoren. In diesem vollstandig automatisierten Aufbau wird der zu un-
tersuchende Detektor mit 662 keV Photonen einer kollimierten Caesi-
umgquelle bestrahlt. Im Germanium Compton gestreute Photonen wer-
den in einer nahe platzierten CdZnTe Kamera absorbiert. Mit Hilfe der
jeweils deponierten Energien und der Position des gestreuten Photons
in der Kamera kann die jeweilige Position der Streuung im Germanium
rekonstruiert werden. Die gemessenen Pulsformen kénnen so ihren Ent-
stehungspunkten zugeordnet werden. Das ermdglicht, die Signale iber
das gesamte Volumen hinweg kontrolliert auf Einfliisse von Kristallach-
sen, Betriebsspannung und Temperatur zu untersuchen. Dies kann im
Vergleich mit Simulationsergebnissen dabei helfen, Ladungstriagerbe-
weglichkeiten und Raumladungsdichten in Germaniumdetektoren bes-
ser zu verstehen. Erste Ergebnisse fiir einen vierfach segmentierten
p-Typ Broad Energy Germaniumdetektor werden prasentiert und mit
Simulationen des Softwarepakets SolidStateDetectors. j1 verglichen.

T 15.8 Mon 17:45 To

Gas cooling of test masses for future gravitational-wave ob-

servatories — CHRISTOPH REINHARDT!, @ ALEXANDER FRANKEZ,
JORN ScHAFFRAN', RoMaN ScuNaBEL?, and AXEL LINDNER! —

!Deutsches Elektronen Synchrotron (DESY), 22607 Hamburg, Ger-

many — 2Institut fiir Laserphysik und Zentrum fiir Optische Quan-
tentechnologien der Universitdt Hamburg, Hamburg, Germany

Recent observations made with Advanced LIGO and Advanced Virgo
have initiated the era of gravitational-wave astronomy. The num-
ber of events detected by current observatories is partially limited by
noise arising from temperature-induced position fluctuations of the
test mass mirror surfaces used for probing space time dynamics. Fu-
ture gravitational-wave observatories address this limitation by using
cryogenically cooled test masses; current approaches for continuously
removing heat (resulting from absorbed laser light) rely on black-body
radiation or conduction through suspension fibers.

We investigate cooling via helium gas impinging on the test mass in
the free molecular flow regime and develop a relation between gas-
induced cooling power and corresponding added observatory strain
noise. The application of our analytical models and numerical simula-
tions is presented with regard to the conceptual design of the Einstein
Telescope.

T 15.9 Mon 18:00 To
LUXE: A new experiment to study non-perturbative QED in
e -LASER and +-LASER collisions — OLEKSANDR BoRrysov!,
MAaRYNA Borysoval, Joun HarLLrorp!:2, BEaTE HEINEMANND3,
Louis HeLary!, Marivs Horrmann!, eRuTn Jacoss!, JENNY
List!, RAJENDRA Prasap!, and MarTaEw Wing!? — 1Deutsches
Elektronen-Synchrotron (DESY), Hamburg, Germany — 2University
College London, London, United Kingdom — 3Albert-Ludwigs-

Universitat Freiburg, Freiburg, Germany

The LUXE experiment (LASER Und XFEL Experiment) is a new ex-
periment in planning at DESY Hamburg using the electron beam of the
European XFEL. LUXE is intended to study collisions between a high-
intensity optical LASER and 16.5 GeV electrons from the XFEL elec-
tron beam, as well as collisions between the optical LASER and high-
energy secondary photons. The physics objective of LUXE are pro-
cesses of Quantum Electrodynamics (QED) at the strong-field frontier,
where the electromagnetic field of the LASER is above the Schwinger
limit. In this regime, QED is non-perturbative. This manifests itself
in the creation of physical electron-positron pairs from the QED vac-
uum, similar to Hawking radiation from black holes. LUXE intends
to measure the positron production rate in an unprecedented LASER
intensity regime. This group report gives an overview of the LUXE
experimental setup and its context within the field of high-intensity
particle physics. The foreseen detector systems and their sensitivity
are presented. Finally, the prospects of a modified LUXE setup for
studying BSM physics are discussed.

T 15.10 Mon 18:15 To
Surface cleaning for background reduction and its in-
fluence on liquid xenon TPC performance — eNATASCHA
Rupp!, Dominick CicHoN!, FLORIAN JoERG!, TEREsA MARRODAN
Unpacortial, and STEFAN BRUENNER? — !Max-Planck-Institut fuer
Kernphysik, Heidelberg — 2NIKHEF, Amsterdam

One main challenge in the direct detection of dark matter particles with
liquid xenon TPCs (Time Projection Chambers) is the background re-
duction to a minimal rate. The plate-out of Rn222 daughters on the
surfaces in contact with the liquid xenon can cause background events.
We investigated different cleaning procedures that mitigate this back-
ground source. In order to apply them in future TPCs like DARWIN
it has to be verified that they don’t affect the xenon purity which
strongly influences the signal production and hence the discrimination
power of signal and background. This talk presents different cleaning
procedures for PTFE and shows results of the xenon purity evolution
after applying a strong nitric acid treatment to the PTFE surface of a
TPC.

T 16: Cosmic Rays V

Time: Monday 16:00-18:15

T 16.1 Mon 16:00 Tp
Turbulence level dependent investigation of the cosmic
ray diffusion coefficient — eLEANDER ScHLEGEL!:2, PATRICK
RercnaERrzer D23 Juria Broker Tiush2, Lukas MERTEN?, ANTO-
N1us Friel2, Biorn EicHMANNY2, MoriTz PUscHEL®, and ELLEN
ZweiBEL® — 1RuhrUniversity Bochum, Theoretical Physics IV —
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Location: Tp

2Ruhr Astroparticle and Plasma Physics (RAPP) Center — 3Irfu,
CEA Paris-Saclay — “Institute for Astro-& Particle Physics, Univer-
sity of Innsbruck — ®Dutch Institute for Fundamental Energy Re-
search, 5612 AJ Eindhoven, The Netherlands — %Department of As-
tronomy & Physics, University of WisconsinMadison

Understanding the transport of energetic cosmic rays belongs to the
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most challenging topics in astrophysics. The complicated evolution of
the cosmic-ray distribution can be modeled mathematically by a dif-
fusive process in the limit of large times. Consequently, diffusion is of
fundamental importance in the transport of cosmic rays through tur-
bulence. We show that at turbulence levels b/B above 5% of the total
magnetic field, the approximation of an energy dependence E~(1/3)
as predicted for a Kolmogorov spectrum within Quasi-Linear Theory
does not hold. Different energy regimes also lead to specific diffu-
sive behaviour, especially for low energies magnetic mirroring could
have a relevant influence on the diffusion. Using a gridless synthetic
turbulence model, we therefore investigate the diffusion coefficients be-
haviour in more detail dependent on E and b/B.

T 16.2 Mon 16:15 Tp
Diffusion of cosmic rays in plasmoids of AGN jets - implica-
tions for multimessenger predictions — eMARCEL SCHROLLER,
Juria BeckER-TJus, MArio HOERBE, ILjA JAROSCHEWwsKI, and
Patrick REICHHERZER — Ruhr-University Bochum,44780 Bochum,
Germany

Active Galactic Nuclei (AGN), and the accompanied AGN jets, are
one of the most fascinating and luminous objects in the observable
Universe. Both the active cores and their jets are candidates for the
engine of cosmic rays and neutrinos with the highest energies measured
at Earth. A deep understanding of the processes related to jets will
not only fuel the field of high energy cosmic rays, it will give insights
in fundamental plasma, astro, and particle physics. The physical and
mathematical modelling of an AGN jet is challenging, with ambigu-
ous signatures that need to be understand by numerical simulations of
cosmic-ray transport and interaction. 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. The final goal of the simulation is to give predic-
tions in context of multimessenger astrophysics. This talk will answer
one of the preceding questions, namely at which point the propagation
of cosmic rays inside the plasmoid is diffusive or ballistic. The solution
of the telegraph equation in this context will be presented and anal-
ysed, alongside a scheme for the classification of different astrophysical
regions. A first excerpt of the results will be given, as well as a run
time analysis of the full 24-dimensional parameter space of the setup.

T 16.3 Mon 16:30 Tp
Propagation in the Galactic magnetic field: Effects on the
spectrum, composition, and anisotropy of Galactic and ex-
tragalactic cosmic rays * — eALeEx KAAPA, Eric MavyoTTE, and
Karr-Heinz KAMPERT — Bergische Universitat Wuppertal, Gaufistr.
20, 42119 Wuppertal

In the energy range signifying the transition from Galactic to extra-
galactic cosmic rays (GCRs and EGCRs), current cosmic ray source
and propagation models fail to describe the observed flux above PeV
energies. This is partly due to the complicated effects the Galactic
magnetic field (GMF) imposes on both GCRs and EGCRs, as the prop-
agation regime of cosmic rays in the GMF transitions from diffusive to
ballistic. At the lowest rigidities, near the end of the diffusive regime,
GCRs are trapped in, and EGCRs are effectively shielded from the
Galaxy. At intermediate rigidities, the EGCRs that reach the Galaxy
and the GCRs are concentrated in the Galactic plane where they prop-
agate diffusively. At highest rigidities, particles are hardly affected by
the GMF. In this talk, we present the consequences of these propa-
gation effects on the spectrum, composition, and anisotropy of both
GCRs and EGCRs based on CRPropa simulation. Special focus will
given on how these results may help elucidate the missing predicted
flux in the transition region.

*Supported by the BMBF Verbundforschung Astroteilchenphysik
(Vorhaben 05A17PX1).

T 16.4 Mon 16:45 Tp
When heavy ions meet cosmic rays : potential impact of QGP
formation on the muon puzzle — eTaNGUY PIEROG!, SEBASTIEN
Baur?, Hans DemBbINski®, Matias PerLIN', RaLr Urrica!, and
Kraus WERNER? — 'KIT, TAP, Karlsruhe, Germany — 2Université
Libre de Bruxelles, Belgium — 3Experimentelle Physik 5, TU Dort-
mund — *SUBATECH, Nantes, France

The deficit of muons in the simulation of extensive air showers is a
long standing problem and the origin of large uncertainties in the
reconstruction of the mass of the high energy primary cosmic rays.
Hadronic interaction models, re-tuned after early LHC data, have a
more consistent description of the muon content among them but still
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disagree with data. Collective hadronization due to the formation of
a quark gluon plasma (QGP) has already been studied as a possible
cause for a larger production of muons under extreme conditions (rare,
very central nuclear interactions), but without real success. However,
in the view of the most recent LHC data, a collective hadronization
phase might not be limited to such extreme conditions. And because
of its different ratio of electromagnetic to hadronic energy, a QGP may
have the properties to solve the muon puzzle. It is demonstrated using
a theoretical approach and tested in a realistic way by the modifica-
tion of hadronic model spectra in CONEX to mimic the production of
a QGP also in not so extreme conditions with a possible large impact
on air shower physics.

T 16.5 Mon 17:00 Tp
Status of air shower simulation for GRAND eCHAO
ZuaNG, Tim HUueGg, TANGUYy PiEroG, MARKUS ROTH, ANDREAS
Hauncgs, FRANK SCHROEDER, and RaLpu ENGEL for the GRAND-
Collaboration — Institut fuer Astroteilchenphysik, Karlsruher Insti-
tut fuer Technologie-Campus Nord, Post-fach 3640, 76021 Karlsruhe,
Germany

GRAND is a proposed project to measure ultra-high-energy air show-
ers with a 200,000 km 2 array of radio antennas distributed in moun-
tainous areas. It will be able to detect cosmic ray, gamma-ray, and
neutrino primaries in the energy range beyond 10'7 eV with unprece-
dented sensitivity and thereby opening a window to study the origin
of the ultra-high-energy cosmic rays. Further more, it will play an
important role in the multi-messenger era.

In this talk, we will present simulation work aimed at GRAND-
Proto300, a prototype of GRAND, covering an area of 300 km 2, for
which construction will start in 2021. This presentation will include a
study of the atmospheric models applicable to different candidate sites,
the methods we have implemented to prepare an air shower library, up-
grades of CORSIKA for the simulation of upward going neutrinos for
GRAND, and the investigation of a signal model derived from CoREAS
simulations.

T 16.6 Mon 17:15 Tp
Efficiency and aperture estimation of the Tunka-Rex array —
oVLADIMIR LENOK for the Tunka-Rex-Collaboration — Institute for
Astroparticle Physics, Karlsruhe Institute of Technology, Germany

Sparse digital-antenna arrays are a promising technique for the fu-
ture large-scale observatories of cosmic rays and neutrinos. However,
estimation of the efficiency of these instruments is challenging. The
efficiency depends on the zenith and azimuth angles. Monte-Carlo
simulations of the radio emission of cosmic-ray air showers, which are
usually the main tool in assessment of an instrument performance, are
computationally intensive. We developed a phenomenological model
for the estimation of the detection efficiency. The model is based on a
parametrization of the air-shower radio footprint and includes a prob-
abilistic treatment of both, the signal detection by an individual an-
tenna and the shower detection. Currently, the model is under vali-
dation against Monte-Carlo simulations and the observational data of
the Tunka-133 air-Cherenkov array. We use the model in application
to the Tunka-Rex instrument — a radio-antenna array operated on the
site of TAIGA (the Tunka Advanced Instrument for cosmic ray physics
and Gamma Astronomy). However, the developed model can be ap-
plied to any radio antenna array. In the talk we will present the recent
updates of the model development and the results of the validation.

T 16.7 Mon 17:30 Tp
Towards the Energy Spectrum of Cosmic-Rays using Atmo-
spheric Stopping Muons in IceCube — eJaNINA BoLLEs for the
IceCube-Collaboration — TU Dortmund, Germany

In the IceCube neutrino observatory the main type of detected events
are muons being produced by cosmic-ray particles interacting with the
earth’s atmosphere. In the context of neutrino analyses these muons
are the dominating background, though 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,
due to the possibility to reconstruct the range to the muons stopping
point as a proxy for its energy. This approach takes advantage of the
high statistics of atmospheric muons, so strict cuts on the reconstruc-
tion can be applied to obtain an event sample of single muons with
high resolution. The reconstructed range of the muons can later be
used to estimate the cosmic ray energy spectrum. This talk covers the
early stage of the analysis and an overview over the analysis methods



Dortmund 2021 — T

Monday

and goals is given.

T 16.8 Mon 17:45 Tp
Towards an Energy Spectrum Using the Depth Dependence
of Stopping Atmospheric Muons in IceCube — eLucas WiT-
THAUS for the IceCube-Collaboration — Technische Universitat Dort-
mund

The IceCube Neutrino Observatory, located in the Antarctic ice sheet
near the geographic South Pole, is meant to detect neutrinos with
energys up to a few PeV. However, the majority of recorded events
in IceCube is caused by muons from atmospheric air showers. Those
events pose as background for neutrino observations, but are particu-
lary suitable to study the underlying cosmic ray spectrum.

This work aims to reconstruct the muon energy spectrum from
the depth-dependence of the stopping muon events. The propagation
length of these muons is a direct proxy to their surface energy. First
steps towards such a data set using deep neural networks and machine
learning techniques are presented.

T 16.9 Mon 18:00 Tp

Calibration of the Data Acquisition System of the IceCube
Surface Array Enhancement — eOMER NUHOGLU, ANDREAS
Haungs, BERND HOFFMANN, MARIE OEHLER, and ANDREAS WEINDL
for the IceCube-Collaboration — KIT, Karlsruhe, Germany

IceTop, the surface array of the IceCube Neutrino Observatory, will be
enhanced with hybrid stations within the current footprint, which will
increase the detection sensitivity of cosmic rays significantly. Each sta-
tion consists of eight scintillation detectors and three radio antennas,
which are read out by a custom designed central hybrid data acqui-
sition system (DAQ). The detectors consist of organic scintillators,
wavelength shifting optical fibers and silicon photomultipliers (SiPM).
The analog signals of the SiPM are integrated and digitized inside the
detectors and then transferred to the central DAQ.

Since the signal of the SiPM depends on the applied voltage and
the temperature, calibration measurements are needed to ensure the
stability of the voltage and the reliability of the temperature sensor in
the detector. Additionally, the integration of the SiPM signals needs
to be characterized. In this contribution the methods and results of
these calibration measurements will be presented.

T 17: Neutrino Astronomy |

Time: Monday 16:00-18:35

Group Report T 17.1 Mon 16:00 Tq
KM3NeT: Status, results and science goals — eMATTHIAS
Bissincger for the ANTARES-KM3NeT-Erlangen-Collaboration —
Erlangen Centre for Astroparticle Physics, Erwin-Rommel-Str. 1,
91058 Erlangen, Germany

The research infrastructure KM3NeT is currently under construction
off shores of France and Italy. The two main objectives of KM3NeT
are investigating fundamental aspects of neutrino physics as well as
the discovery and analysis of the most powerful cosmic accelerators
via their neutrino signal. The deep-sea Cherenkov detectors, ORCA
and ARCA, consist of technically identical detector modules but with
different instrumentation densities. KM3NeT/ORCA will allow us to
determine the oscillation probabilities of GeV-scale neutrinos produced
in Earth’s atmosphere and thus to constrain the neutrino mass hier-
archy. KM3NeT/ARCA'’s instrumented sea volume of one cubic kilo-
meter is much larger compared to ORCA. ARCA will detect neutrinos
of energies from TeV to beyond PeV and thus of galactic origin and
way beyond. Combined with the existing neutrino telescopes KM3NeT
will complete our neutrino field of view to the full sky. The talk will
summarise the current construction status of KM3NeT, the results
achieved by investigating the data recorded over the past years, and
the scientific discovery potential of the upcoming years.

T 17.2 Mon 16:20 Tq
Studying optical water properties with atmospheric muon
events in KM3NeT/ORCA — eMARTIN ScHNEIDER for the
ANTARES-KM3NeT-Erlangen-Collaboration — Friedrich-Alexander-
Universitat Erlangen-Niirnberg, ECAP

The KM3NeT neutrino detectors are currently under construction in
the deep Mediterranean Sea. ORCA, the low-energy part of KM3NeT,
is an underwater Cherenkov neutrino detector featuring a dense con-
figuration of optical modules designed for the measurement of atmo-
spheric neutrinos down to the low GeV energy regime. A very large
sample of atmospheric muon events has already been recorded and
can be used to study the detector performance. Located in a deep-sea
environment, the detector performance depends on the optical water
properties.

In this talk, atmospheric muon events are used to study the optical
water properties with the ORCA detector. The focus is on the com-
parison between data and Monte-Carlo simulations with respect to the
attenuation length.

T 17.3 Mon 16:35 Tq

Modeling Deep-Sea Bioluminescence — eSTEPHAN MEIGHEN-
Bercer! and Li Ruonan? — !Technische Universitit Miinchen,
James-Franck-StraRe, 85748, Garching — 2Ludwig-Maximilians-

Universitdt Miinchen, Schellingstrafte 4, 80799, Miinchen

We present a new modeling framework for simulating deep-sea organ-
isms and their luminescence which is detectable by neutrino detectors,
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such as KM3Net, Antares, and P-ONE. This bioluminescence light is a
unique background for deep-sea instruments, due to the emission spec-
tra covering the expected Cherenkov peak. The emission itself is pre-
dominantly caused by the organisms’ defensive response to turbulences
caused by detectors’ super-structures. Designed for a broad range of
Reynold’s numbers, the framework employs Monte Carlo methods to
model individual organisms. It provides methods to solve the underly-
ing Navier-Stokes equation, using Streamline Upwind Petrov Galerkin
Method in the velocity equation to avoid instabilities. In this talk,
we present the framework, lessons learned from this new exact mod-
eling scheme, and unique signatures that can be used to identify the
organisms, bridging the gap between physics and biology.

T 17.4 Mon 16:50 Tq
The Pacific Ocean Neutrino Experiment: site qualification —
eImmacorLaTA CARMEN REA and CHRisTIAN FrRUck — TUM Physics
Department, Munich, Germany

The Pacific Ocean Neutrino Experiment (P-ONE) is a collaboration of
Ocean Networks Canada (ONC), the Technical University of Munich
(TUM), Germany, and other US and Canadian universities, with the
goal of building a large volume neutrino telescope at 2600 m depth in
the Cascadia Basin site (a heavily sedimented abyssal plain region 300
km west from Vancouver Island in the northern Pacific Ocean). Two
pathfinder experiments have already been deployed there: STRAW
(STRings for Absorption length in Water) in 2018 and STRAW-b in
2020. The main purpose of both is the optical qualification of the site
placing a special focus on the absorption and scattering length mea-
sure and on the light background, mainly caused by bioluminescence
phenomena.

STRAW is composed by a two strings array equipped with pulsed
light sources, 3 POCAMs (Precise Optical CAlibration Modules) that
are also under development for IceCube upgrade, and with custom
developed light sensors, 5 sDOMs (STRAW digital Optical Modules).
With this setup the light attenuation has been probed on different
baselines and background rates have been recorded in several sensors
over almost 2 years. We present the preliminary results of this first
pathfinder mission and discuss the implications for a future neutrino
telescope at this site.

T 17.5 Mon 17:05 Tq
The Pacific Ocean Neutrino Experiment: STRAW-b as a
pathfinder — eEva LAurRA WINTER, CHRISTIAN SPANNFELLNER, and
Evrisa Rescont — Technische Universitat Miinchen, Germany

The Pacific Ocean Neutrino Experiment (P-ONE) is a collaboration
of Ocean Networks Canada (ONC), the Technical University Munich
(TUM) and other Canadian/German institutes with the aim of build-
ing a large-scale neutrino telescope in the Northeast Pacific Ocean.
Two pathfinders have been developed and successfully deployed, as
part of the NEPTUNE observatory, established by ONC, at Casca-
dia Basin, which will also host P-ONE. The first pathfinder STRAW
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(STRings for Absorption length in Water) was deployed in June 2018
and has measured the optical properties of the deep Pacific Ocean.
Moreover, it is also monitoring the in-situ background rates due to
K40 decay and bioluminescence. Subsequently, the second pathfinder
STRAW-Db, deployed in September 2020, aims to further characterize
the deployment site. For this, it is equipped with six specialized mod-
ules, two LiDARs, three spectrometers and one muon tracker. The
talk covers technical details and will give an overlook of preliminary
results of the pathfinders.

T 17.6 Mon 17:20 Tq
The Pacific Ocean Neutrino Experiment: the prototype line
— Evrisa ReEscont and e CHRISTIAN SPANNFELLNER — Technische Uni-
versitat Miinchen

The Pacific Ocean Neutrino Experiment (P-ONE) is a Cana-
dian/German initiative, which aims to construct a new large volume
astrophysical neutrino detector in the Northeast Pacific Ocean. P-
ONE strives to complement the sky coverage of the existing or under
development neutrino telescopes, as such it will be part of the NEP-
TUNE observatory, established by Oceans Networks Canada (ONC).
This deepsea infrastructure provides power and data streams for vari-
ous experiments. At the Cascadia Basin node, which will host P-ONE,
two pathfinders were already initiated to characterize the site. The P-
ONE prototype line, currently in its early concept phase, is planned as
the successor of the pathfinders and will be the first installment of the
P-ONE detector. The line will be comprised of P-ONE Digital Op-
tical Receivers (P-DOR) to detect the emerging Cherenkov radiation
and P-ONE Calibration Modules (P-CAL) to provide in-situ calibra-
tion. We will present the concepts of the planned optical sensors and
calibration modules and give an outlook on the entire mooring.

T 17.7 Mon 17:35 Tq
PLEnuM: Prospects of a planetary neutrino observatory sys-
tem — eMarTHIAS HUBER and Evrisa RescoNi — Technische Uni-
versitat Miinchen, Fakultdt fiir Physik, James-Franck-Str. 1, 85748
Garching, Deutschland

High-energy neutrinos, arriving at the Earth from the farthest reaches
of the cosmos have long been thought to hold the key to resolving
the cosmic ray riddle. While the first compelling evidence for a cor-
relation between high-energy neutrinos and the blazar TXS 0506+056
was found in 2018, no sources of these neutrinos have been discovered
yet. To bring rapid improvements in the sensitivity of cosmic neutrino
studies, we propose to launch the Planetary Neutrino Monitoring Sys-
tem (PLEnuM). The concept of PLEnuM is based on the vision to
operate a global-scale neutrino telescope network, integrating all neu-
trino telescopes in progress (KM3NeT, GVD, P-ONE, IceCube). By
means of this collaboration, every direction of the Universe becomes
observable with local improvements of the sensitivity of factors up to
7160 compared to IceCube. In this talk, I will outline the prospects of
cosmic neutrino source searches on the basis of PLEnuM.

T 17.8 Mon 17:50 Tq

Development of an in-situ calibration device of ice proper-

ties for high-energy neutrino radio detectors in Antarctica —
eJakoB BEISE — Uppsala Universitet, Uppsala, Sweden — Humboldt
Universitat, Berlin, Germany

High-energy neutrino astronomy has become a powerful tool to explore
the most extreme environments in our universe. High energy neutrinos
(E>1016-5 eV) are detected most efficiently via the Askaryan effect in
ice, where a particle cascade induced by the neutrino interaction pro-
duces coherent radio emission. There are several pilot radio arrays at
the moment, among them ARIANNA at the Ross Ice Shelf. In order
to reconstruct the neutrino energy with high precision, the snow accu-
mulation must be monitored in real time. Therefore, one ARTANNA
station was extended with a radio emitter that allows the measurement
of the snow accumulation with unprecedented precision. I will present
14 months of measured data that I analyzed using traditional and
deep-learning techniques. Furthermore, I show how the measurement
setup can be extended to also measure the change of the index-of-
refraction with depth, another property relevant for reconstruction of
the neutrino direction and energy.

T 179 Mon 18:05 Tq
Seasonal Variations of the Atmospheric Neutrino Flux Mea-
sured by IceCube — eHaNNAH ERPENBECK, JAKOB BOTTCHER,
PuiLipp FURsT, SiMON HAUSER, JORAN STETTNER, and CHRISTO-
PHER WIEBUSCH for the IceCube-Collaboration — RWTH Aachen
University - Physics Institute III B, Aachen, Germany

Atmospheric muon neutrinos measured by the IceCube Neutrino Ob-
servatory originate from charged meson decays in cosmic-ray-induced
air showers. The meson production and decay depend on the local
atmospheric conditions. Therefore, one expects a correlation between
the atmospheric temperature and the observed atmospheric neutrino
flux. We have analyzed almost 6 years of IceCube neutrino data in con-
junction with global atmospheric temperature profiles measured by the
Atmospheric Infrared Sounder (AIRS) on the AQUA satellite, and the
correlation is observed with high significance. In this talk, we present a
binned x2 and an unbinned likelihood analysis of the correlation with
focus on systematic checks of the results.

T 17.10 Mon 18:20 Tq
Seasonal Variations of the Unfolded Atmospheric Neutrino
Energy Spectrum with IceCube — eKaroLIN HymoN and Tim
RuHE for the IceCube-Collaboration — TU Dortmund

The IceCube Neutrino Observatory is a detector array at the South
Pole, with the central aim of studying high energy neutrinos of as-
trophysical origin. The majority of the detected neutrinos, however,
are atmospheric neutrinos, caused by cosmic ray interactions in the
atmosphere. The rate of atmospheric neutrinos undergoes a seasonal
variation with indications that the rate changes with the temperature
in the stratosphere. Possible implication of this variation on the shape
of the atmospheric neutrino spectrum have not been studied so far.
This talk will focus on the investigation of possible shape changes of
the atmospheric neutrino spectrum, which will be analyzed using the
Dortmund Spectrum Estimation Algorithm (DSEA).

T 18: Neutrino physics without accelerators |

Time: Monday 16:00-18:20

Group Report T 18.1 Mon 16:00 Tr
The Project 8 neutrino mass experiment: First tritium re-
sults and future prospects — e CHRISTINE CLAESSENS and SEBAS-
TIAN BOSER for the Project 8-Collaboration — PRISMA+ Cluster of
Excellence, JGU Mainz

The Project 8 collaboration aims for a direct measurement of the ab-
solute neutrino mass scale from the distortion of the tritium decay
spectrum near the endpoint. To this end, the collaboration has success-
fully established Cyclotron Radiation Emission Spectroscopy (CRES),
a frequency-based approach for measuring differential beta decay spec-
tra. By making use of the advantages of the CRES technique, Project
8 intends to overcome the statistical and systematic limitations of
current-generation direct neutrino mass measurement methods and
achieve a final sensitivity of 40 meV. To meet this goal, the collabora-
tion has divided the development of the experiment into four phases
with Phase II data collection completed in 2020. In this contribution
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I will report on the status and prospects of the Project 8 experiment,
presenting the results of the first tritium spectrum recorded with the
Phase II CRES prototype setup and providing an overview of system-
atic effects and plans to address them in the future Phases III and
Iv.

T 18.2 Mon 16:20 Tr
Real-time event reconstruction in the Project 8 Phase III
Free Space CRES Demonstrator — eFLORIAN THOMAS and SE-
BASTIAN BOsER for the Project 8-Collaboration — PRISMA+ Cluster
of Excellence, JGU Mainz

The Project 8 collaboration aims at measuring the absolute neutrino
mass with a sensitivity of 40 meV in a tritium endpoint measure-
ment using the recently demonstrated technique of Cyclotron Radi-
ation Emission Spectroscopy (CRES).

In the upcoming Phase III of the experiment CRES will be demon-
strated in free space instead of a closed waveguide for the first time.
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The free space cyclotron radiation emitted by tritium beta decay elec-
trons in a background magnetic field is detected by an array of an-
tennas. For the required sampling frequency a raw data rate of ~60
GB/s is expected, which quickly exhausts today’s permanent storage
capacities. Therefore, most of the event reconstruction has to proceed
in real-time. This talk presents beamforming as a proposed recon-
struction technique as well as the implementation plans for real-time
computing and triggering.

T 18.3 Mon 16:35 Tr
Absolute energy scale of the KATRIN experiment — e MANUEL
KLeEIN and RupoLr Sack for the KATRIN-Collaboration — Karlsruhe
Institute of Technology (KIT), IAP, Hermann-von-Helmholtz-Platz 1,
76344 Eggenstein-Leopoldshafen

The KArlsruhe TRItium Neutrino (KATRIN) experiment performs a
model-independent measurement of the electron neutrino mass. It is
designed for a neutrino mass sensitivity of 0.2 eV (90% CL) after three
full years of measurement time. KATRIN measures near the endpoint
of the tritium beta-decay spectrum with a MAC-E filter, which re-
lies on Magnetic Adiabatic Collimation of the beta electrons and an
Electrostatic retarding potential: at the main spectrometer, the high
voltage of about —18.6 kV is monitored with a precision of 2 ppm, and
in the the tritium source, the electron start potential is provided by a
weakly-ionised plasma created from the self-ionising source gas.

For the neutrino mass analysis, the endpoint is fitted from the high
voltage of the main spectrometer as one of four free parameters. Nev-
ertheless, the absolute energy scale is also relevant: a) in order to com-
pare with the Q value of tritium, which serves as a precision benchmark
for the retardation energy scale and b) because any time-dependence of
the energy scale induces a broadening of the measured spectrum, which
has to be considered in the analysis. A key aspect here is the effec-
tive electron start potential in the strongly-magnetised source plasma.
This contribution shows that the systematic effect from drifts of the
energy scale is not negligible but well within the uncertainty budget.

Supported by BMBF (905A17VK2) and the Helmholtz Association.

T 18.4 Mon 16:50 Tr
Lorentz invariance violation (LV) at the KATRIN exper-
iment — eJonaNNEs WICKLES for the KATRIN-Collaboration —
Max-Planck-Institut fiir Physik, Miinchen

The KArlsruhe TRItium Neutrino (KATRIN) experiment uses the
MAC-E filter principle to determine the mass of the neutrino in the
beta-decay of Tritium. Besides measuring the neutrino mass, KATRIN
offers insights into physics beyond the Standard Model. The violation
of Lorentz invariance (LV) would manifest itself as a temporal oscilla-
tion of the spectral endpoint with siderial time. In this contribution
first sensitivity studies based on MC data are presented. We will illus-
trate the analysis method and the impact of systematic uncertainties.
The sensitivity of the first neutrino mass data set and the final KA-
TRIN experiment will be presented.

T 18.5 Mon 17:05 Tr
Background reduction with the shifted analyzing plane con-
figuration in KATRIN — eALEXEY LokHov for the KATRIN-
Collaboration — University of Muenster, 48149 Muenster, Germany
— Institute for Nuclear Research RAS, 117312, Moscow, Russia

To measure the effective electron antineutrino mass mv with a sen-
sitivity of 0.2 eV/c2 the KATRIN experiment requires the level of
background of about 10 mcps. One of the sources of the background
electrons are the Rydberg atoms, created in the decay of Po-210, en-
tering the spectrometer and ionized by thermal radiation. This yields
low-energy electrons, almost uniformly distributed over the vessel vol-
ume.

We present here a technique to reduce this volume-dependent back-
ground of the KATRIN main spectrometer by using a specific config-
uration of the electromagnetic fields (so called shifted analyzing plane
with a reduced fluxtube), that effectively decreases the volume of the
fluxtube of electrons while preserving the energy resolution and allow-
ing for the required neutrino mass sensitivity. The dedicated tests,
which were performed recently, investigated the background reduction
in this configuration and studied the EM fields at the shifted analyz-
ing plane by calibration measurements using the Kr-83m conversion
electrons and electron gun as reference sources.

T 18.6 Mon 17:20 Tr
Atomic hydrogen beam monitor for Project 8 — eCHRISTIAN
MATTHE and SEBASTIAN BOseRr for the Project 8-Collaboration —
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PRISMA+ Cluster of Excellence, JGU Mainz

The Project 8 collaboration aims to determine the absolute neutrino
mass to a precision of 40 meV by measuring the tritium decay spectrum
around the endpoint energy. For this level of precision it is necessary
to use atomic tritium, since molecular tritium sensitivity is limited by
the final molecular state distribution to about 100 meV. We anticipate
using an atomic tritium flux of &~ 10'%atoms/s from the source to in-
ject a beam with &~ 10'®atoms/s of the proper state and temperature
into the detection volume.

For monitoring this beam, we envision 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.
The energy released heats the wire and produces a measurable change
in its resistance. Using either a grid of wires or a sweep with a sin-
gle wire the beam profile could be determined. Thanks to the wires’
minimal area, such a detector is suitable for both development work
and for online monitoring in the final experiment. In this talk I will
present first results from such a detector designed for the Mainz atomic
hydrogen setup.

T 18.7 Mon 17:35 Tr
Atom-Source Development for Project 8 — eALeEc LinD-
MAN, SEBASTIAN BOSER, and CHRISTIAN MATTHE for the Project 8-
Collaboration — PRISMA+ Cluster of Excellence, JGU Mainz

The Project 8 experiment will make a direct measurement with sen-
sitivity to much of the unexplored range of neutrino masses. Past
experiments used molecular tritium, which has an unavoidable en-
ergy smearing from its final states. Project 8 will use atomic tri-
tium to reach mg < 40 meV. This requires O(1029) tritium atoms
held at ~60 mK in a several-cubic-meter magnetic trap. The efficien-
cies of cooling the atoms and their trapped lifetime require, coinciden-
tally, >1020 atoms/s from the source. Phase IIT of Project 8 includes
building a smaller Atomic Tritium Demonstrator to confirm solutions
are ready to produce, cool, and trap atomic tritium at a scale suitable
for the final Phase IV experiment.

This talk will discuss experiments at JGU Mainz to develop a cold,
high-flux atom source. Our tests extend to a hydrogen flow of 20 sccm,
some 40 times the previously-published values for this type of source.
Highlights include improved understanding of atom transport in the
test stand, automated analysis of large datasets, measurements of
the atom-beam profile, and a redesign that boosted the atomic sig-
nal 100-fold. Upgrades to the test stand and its instrumentation are
underway to definitively determine whether the present atom source
provides sufficient atomic flux. Designs for a higher-output source, if
needed, and the cooling and trapping stages are in progress and will
be installed on the test stand in due course.

T 18.8 Mon 17:50 Tr
Magnetic Trap Design for the Project 8 Free Space CRES
Demonstrator — eRENE REIMANN and MARTIN FERTL for the
Project 8-Collaboration — PRISMA+ Cluster of Excellence, JGU
Mainz

The existence of non-zero neutrino masses is well established, however
their absolute values are a major open question in particle physics. The
most direct way to measure the neutrino mass is through a measure-
ment of the spectral endpoint region for a low-energy beta decaying
isotope, e.g. tritium. A new technique called Cyclotron Radiation
Emission Spectroscopy (CRES) has been demonstrated by the Project
8 collaboration with krypton or molecular tritium confined in a section
of a microwave guide. To collect sufficient statistics to reach a neutrino
mass sensitivity of 40 meV requires to leave the confined space within
a microwave guide and detect the feeble microwave signal in free-space
by observing the volume with a set of antennas. All major challenges
for a full-scale neutrino mass experiment will be investigated in the
coming phase. A key component of the free-space CRES demonstra-
tor is a magnetic trap to confine electrons in a region superimposed on
to the homogeneous ~ 1T magnetic background field provided by an
MRI magnetic. In this talk, we will present the design of the magnetic
electron trap, characteristic parameters, and relationships to other key
components of the free-space CRES demonstrator.

T 189 Mon 18:05 Tr
Characterization and First Integration of the TRISTAN De-
tector — eKorBINIAN URBAN for the KATRIN-Collaboration — Max
Planck Institut for Physics, Fohringer Ring 6, D-80805 Miinchen

The TRISTAN project aims at detecting a keV sterile neutrino sig-
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nature by measuring the entire tritium beta-decay spectrum with an
upgraded detector for the KATRIN experiment. To obtain a high sen-
sitivity to the sterile neutrino mixing angle, a strong activity of the
KATRIN source and as follows a high electron rate at the detector
is necessary. At the same time excellent spectroscopic properties, like
energy resolution and linearity, are important. To meet these challeng-
ing requirements a novel multi-pixel silicon drift detector and read-out
are being developed to handle rates up to 100 kcps with an energy
resolution of 300 eV (FWHM) at 20 keV.

In the last year, the first devices of the new TRISTAN detector be-
came available. This talk addresses the characterization of seven-pixel
TRISTAN detectors with X-ray sources and will show details of the
first integration of a 47-pixel module in the Monitor Spectrometer at
the KATRIN site.

This work is supported by the Max Planck society and the TU Mu-
nich (“Chair for Dark Matter, Susanne Mertens”)

T 19: Detector systems |

Time: Monday 16:00-18:05

Group Report T 19.1 Mon 16:00 Ts
The Mu2e experiment at Fermilab — eSTEraN E. MULLER,
ANNA FERRARI, OLIVER KNODEL, and REUVEN RacHAMIN for the
Muz2e-Collaboration — Helmholtz-Zentrum Dresden-Rossendorf, Dres-
den, Germany

The Mu2e experiment, currently under construction at the Fermi Na-
tional Accelerator Laboratory near Chicago, will search for the neu-
trinoless conversion of muons to electrons in the field of an aluminum
nucleus. In the Standard Model, this process, which violates charged
lepton flavor, is highly suppressed and therefore undetectable. How-
ever, scenarios for physics beyond the Standard Model predict small
but observable rates. The Mu2e experiment aims for a sensitivity four
orders of magnitude better than existing experiments. This is achieved
by a rigorous control of all backgrounds that could mimic the monoen-
ergetic conversion electron.

At the Helmholtz-Zentrum Dresden-Rossendorf, we use the ELBE
radiation facility to study radiation hardness and performance of com-
ponents for the Mu2e calorimeter and the detector that will monitor
the rate of stopped muons in the aluminum target. Additionally, Monte
Carlo simulations are performed for both the pion production target
and the muon stopping target.

In the presentation, the design and status of the Mu2e experiment
and its detectors will be presented, and results from the ELBE beam-
times and the simulation studies will be given.

T 19.2 Mon 16:20 Ts
Status update of the Mu3e Tile Detector — KONRAD
BricGL, eHANNAH KLINGENMEYER, YONATHAN MUNWES, WEI SHEN,
TiANCHENG ZHONG, and HANS-CHRISTIAN ScHULTZ-COULON —
Kirchhoff-Institut fiir Physik, Universitat Heidelberg

The Mu3e experiment, which will be installed at the Paul Scherrer
Institute (PSI) in Switzerland, is designed to search for the lepton-
flavour violating decay u — eee with a target sensitivity of 10~16.
In order to determine the vertex of the three decay electrons, precise
space and time measurements are required. Dedicated tracking and
timing detectors are being developed for this purpose. One of the tim-
ing systems is the Mu3e Tile Detector, which allows precise timing of
individual electrons with a resolution below 100 ps.

The Mu3e Tile Detector, which is currently in the pre-production
phase, uses plastic scintillator tiles and silicon photomultipliers that
are read out by the MuTRiG ASIC, also developed in Heidelberg. In
this talk, a comprehensive overview of the current detector status is
given; details on the pre-production process and first performance tests
of the detector prototype are presented. In particular, the production
steps, the developed production tools, and quality assurance are dis-
cussed.

T 19.3 Mon 16:35 Ts
A camera alignment system for the Mu3e experiment —
eGoRrAN StaNIC for the Mu3e-Collaboration — Johannes Gutenberg
University Mainz

The Mu3e experiment is going to be conducted at PSI in Switzerland
and it aims at finding or excluding the lepton flavour violating de-
cay p1 — eee at branching fractions above 10716, The Mu3e detector
consists of a tracking detector built from thin high-voltage monolithic
active pixel sensors (HV-MAPS) complemented by scintillating fibers
and tiles for precise timing measurement. One of the main challenges of
the experiment lies in precise alignment of detector elements. In order
to achieve the best possible momentum resolution a track based align-
ment programme will be utilised. Track-based alignment can however
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not resolve so-called weak modes, deformations of the detector that
produce tracks of equal quality. The aim of this work is to correct for
the weak modes by designing and developing a high precision camera
based alignment system that monitors the detector position from the
outside. The system will consist of multiple infrared cameras which
will observe each other and the detector set-up. The main goal is to
drive the camera measurement precision to be comparable to the size
of the individual tracking detector pixels, which is at 80um.

T 19.4 Mon 16:50 Ts
A 2D pixelated stilbene scintillator detector array for simul-
taneous radiography with fast neutrons and gammas — ILva
ALEsHIN, eNINA HoOrLIcH, and OLivER PooTH — III. Physikalisches
Institut B, RWTH Aachen University, D-52056 Aachen

The Neutron Detectors group at the Physics Institute III B develops
pixelated detectors for fast neutron imaging applications with com-
pact neutron sources such as Americium-Beryllium sources or neutron
generators. The detectors use specialized scintillators such as stilbene
that enable to distinguish neutron and gamma induced signals via pulse
shape discrimination. Therefore, these detectors allow for a simulta-
neous investigation of objects with neutrons and gammas.

In this talk, recently published results (arXiv: 2010:01870) obtained
with our 16-pixel detector prototype will be presented. This prototype
consists of 16 stilbene cuboids of size 5 x 5 x 25 mm? coupled to a 4 x 4
SiPM array. The prototype was tested with a D-D neutron genera-
tor at the Paul Scherrer Institute in Switzerland, that emits neutrons
between 2.3 and 2.8 MeV energy. Attenuating samples with different
composition and thickness were placed between the generator and the
16-pixel detector. The neutron attenuation in dependence of material
and thickness was studied and fast neutron macroscopic cross sections
were calculated and compared to the expected ones. Geant4 simula-
tions were used to study deviations. The detection efficiency for D-D
neutrons was measured to be around 10%.

T 19.5 Mon 17:05 Ts
Gamma spectroscopy of an Americium-Beryllium source with
a High Purity Germanium detector in a neutron radiography
setup — elLya ALESHIN, NINA HOFLICH, and OLIVER PooTHn — III.
Physikalisches Institut B, RWTH Aachen University, D-52056 Aachen

The neutron radiography group at the Physics Institute III B, RWTH
Aachen University, develops a multi-pixel detector for fast neutron ra-
diography.

The purpose of fast neutron radiography is to resolve structures in
heterogeneous test objects that cannot be well investigated by X-ray
radiography. As a neutron source, 2 Americium-Beryllium radioac-
tive sources (16.5 GBq and 16.9 GBq) are used. These sources produce
neutrons as well as gamma-rays. For neutron detection, the organic
scintillator stilbene (C14H12) is used. This scitntillator allows to dis-
tinguish neutron- and gamma-induced signals via their pulse shape.

For the sake of future analyses like for example the prompt gamma
neutron activation analysis, which explores the characteristic gamma
rays produced by interaction of fast neutrons with matter, pre-
cise gamma spectra of the radiography setup (and especially of the
Americium-Beryllium sources) are necessary. This talk will focus on
the measurement of this spectra with a High Purity Germanium de-
tector and on the spectra themselves. The mode of operation of such a
Germanium detector, the positions of this detector with respect to the
Americium-Beryllium sources during measurements and the spectra
themselves will be presented in this talk.

T 19.6 Mon 17:20 Ts
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Tracking of charged particles using an FE-I14B pixel telescope
and moving emulsion films — eNikoLAUS OWTSCHARENKO!,
MaRrkUs CRISTINZIANT', Vapim  KosTyukniN?, CHRISTOPHER
BeTaNcOURT®, FaBian Huccing?, Jens Janssen?, Davip-LEoN
PonL?, ANTonia D1 CRESCENZO?, and ANTONIO TuLIANO® — 1 Center
for Particle Physics Siegen, Experimentelle Teilchenphysik, Univer-
sitat Siegen — 2University of Sheffield — 3Universitat Ziirich —
4Physikalisches Institut, Universitit Bonn — ?Sezione INFN di Napoli

The SHiP collaboration proposes a general purpose fixed-target exper-
iment to search for hidden particles at the new beam-dump facility
at CERN SPS. To estimate the charm production cross section in the
experiment, which includes hadronic cascade production, several ded-
icated measurements have been proposed. A first run was performed
in summer 2018. Protons from SPS interacted with a thick multilayer
target, interleaved with tracking emulsion films. While the emulsion
detector offered high spatial resolution, it did not provide timing infor-
mation. For full event reconstruction a 6-plane telescope made of AT-
LAS IBL double-chip modules was assembled and placed downstream
of the target to provide a high timing resolution. An occupancy limit
on the emulsion films made a movement of the target during and in be-
tween spills necessary. The matching of track candidates reconstructed
in the moving emulsion detector with those reconstructed in the fixed
pixel detector is presented.

T 19.7 Mon 17:35 Ts
A low-background Silicon Drift Detector system for IAXO
— oTumBAUT Houpy!? and Susanne MEeRrTENs'2 — 1Max-Planck-
Institut fiir Physik, Fohringer Ring 6, D-80805 Miinchen, Germany
— 2Physik-Department, Technische Universitit Miinchen, D-85747
Garching, Germany

The nature of dark matter is among the most challenging question of
modern physics. Axions are invoked to solve the strong CP problem
and are dark matter candidates. IAXO is the new generation helio-
scope, designed to discover solar axions by measuring x-rays induced
by axion-photon conversion. The requirement for the detector to reach
an extremely low background level below 10 keV is very challenging.
The TRISTAN project is developing a new detection system using

silicon drift detector (SDD) for upgrading the KATRIN experiment
and search for keV sterile neutrino. We propose to use this unique
technology as an x-ray detector for the IAXO experiment. A first pro-
totype detector revealed excellent spectroscopic quality, matching each
TAXO requirements however the required background level remains to
be demonstrated.

A dedicated test-bench have been built to assess the intrinsic back-
ground level. This includes simulations of the expected external back-
ground, design of the shields, determination of the natural radioactiv-
ity of detector board and front-end electronics. In this talk, first results
of measurements in the Munich shallow underground laboratory will
be reported. Secondly, conceptual design studies of the final detector
system, meeting the required background level, will be presented.

T 19.8 Mon 17:50 Ts
Development of the Detector Control System for the ATLAS
ITk-Pixel Demonstrator — e ANDRES MELO, JASON VEATCH, and
StaN Lar — II. Physikaliches Institut, Georg-August-Universitat Got-
tingen
The High-Luminosity LHC Upgrade will allow the ATLAS experiment
to collect an order of magnitude more data than Run 3. Since the
new Inner Tracker (ITk) must cope with this increased occupancy,
bandwidth and radiation damage, a sophisticated prototype, called the
ITk-Demonstrator, has been built. The ITk-Demonstrator allows the
investigation and proof-of-principle for the ITk to be established, with
powering, data acquisition, and the Detector Control System (DCS)
to be tested in detail.

This talk discusses the tests of the DCS system planned for the I'Tk
and tested with the Demonstrator. Among the technical issues tested
were CANMoPs, a package that communicates with a CAN protocol
interface, and the serial power protection chips (PSPP) of the Demon-
strator. Furthermore, the user interface of the power supply (Wiener
PL512) is being redesigned. Among other things, a migration from the
Siemens program WinCC for supervisory control and data acquisition
from version 3.15 to 3.16 was investigated. This allows the program
to run on a Linux operating system, removing the dependence on MS
Windows.

T 20: DAQ, trigger and electronics |

Time: Monday 16:00-18:15

T 20.1 Mon 16:00 Tt
Prototyping Serial Powering with RD53A — eFLoRrIAN HiN-
TERKEUSER, Kraus DrscH, MarTtHiaAs HAMER, FABIAN HUcGING,
Hans KRrRUGER, and CHARLOTTE PERRY — Physikalisches Institut,
Universitdat Bonn

The high luminosity upgrade for the Large Hadron Collider at CERN
requires a complete redesign of the current inner detectors of ATLAS
and CMS. These new inner detectors will consist of all-silicon track-
ing 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 con-
straints and the need to minimize the tracker’s material budget.

This new powering scheme provides challenges for the electrical and
mechanical design. In order to verify this new powering scheme and its
implications on the detector integration, efforts are 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.

First results from the ongoing activities with RD53A chips are pre-
sented. Emphasis is put on the electrical characterization of an RD53A
serial powering chain, using representative services and power supplies.
The setup, measurement goals and characterization of the serial pow-
ering chain will be discussed.

T 20.2 Mon 16:15 Tt
Entwicklung automatischer Qualitédtstests fiir den RD51
VMM3a Hybrid — eFINN JAEKEL, MICHAEL LUPBERGER, PATRICK
ScawABIG und JocHEN Kaminski — Physikalisches Institut Univer-
sitdt Bonn

Das Scalable Readout System der RD51 Kollaboration ist ein viel-
seitiges Auslesesystem, das in grofien Bereichen der Entwicklung von
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gasgefiillten Detektoren verwendet wird. Es unterstiitzt verschiedene
Front-End Chips, wie z.B. Timepix, VFAT oder APV25 und beinhaltet
die komplette Auslesekette zur Ubertragung von Daten zwischen De-
tektor und Computer. Bis vor kurzem wurde hierfiir hdufig der APV25
ASIC benutzt. Da dieser nun aber nicht mehr hergestellt wird, wur-
de ein neuer Front End Chip, der VMM (entwickelt fiir das ATLAS
New Small Wheel upgrade)ASIC- entwickelt, in das Scalable Readout
System implementiert.

Das Projekt befindet sich momentan in der Ubergangsphase von der
Entwicklung zur Massenproduktion. Es gibt bereits groftes Interesse an
dem Auslesesystem zur Verwendung fiir zukiinftige Experimente und
Forschungsprojekte. Insbesondere das Front-End board mit dem VMM
chip, genannt Hybrid, von dem grofse Stiickzahlen produziert werden,
bedarf einer automatisierten Qualitatskontrolle.

In diesem Vortrag wird das im vergangenen Jahr entwickelte Test-
system vorgestellt, und erste Ergebnisse préisentiert.

T 20.3 Mon 16:30 Tt
Firmware development for the Scalable Readout System
(SRS) with VMM3a — ePaTRICK ScHWABIG, FINN JAEKEL,
JocHEN KawMminskl, and MICHAEL LUPBERGER — Physikalisches In-
stitut, Universitdt Bonn

The Scalable Readout System which was developed within the RD51
collaboration is a flexible readout system which can be used with vari-
ous front-end chips and is scalable from a few channels to many thou-
sand channels.

As a future-oriented technology the VMM front-end chip (ASIC) has
been chosen as a successor for the so far prevailing APV25 for inno-
vations in gaseous detector development. Originally developed for the
New Small Wheel Upgrade of the ATLAS detector the VMM offers
features like continuous readout, low electronic noise and neighbor-
enabling logic, which are required to fulfill future demands e.g. for use
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in the NMX instrument at the European Spallation Source (ESS).

The VMM ASIC has been implemented in recent years in the SRS
and was tested in various projects. Additional improvements and en-
hancements are in ongoing development.

The talk will focus on the progression of the firmware of the FPGA
responsible for the VMM readout. Improvements of the readout speed
and the necessary adaptions to the VMM readout process will be pre-
sented.

T 20.4 Mon 16:45 Tt
Timing Studies of KLauS6: A Low Power ASIC for Sili-
con Photomultiplier Charge Readout with Precise Timing
— eoErIK WaRrRTTMAN and KonNraDp BriceL for the CALICE-D-
Collaboration — Kirchhoff-Institut fiir Physik, Universitiat Heidelberg

The scintillator-based high-granular calorimeters developed within the
CALICE collaboration require sophisticated front-end readout elec-
tronics, providing precise charge and time measurements of the gen-
erated Silicon-Photomultiplier (SiPM) signals, while minimizing the
power consumption. The KLauS ASIC has been developed for this ap-
plication, targeting low-gain SiPMs with large dynamic range. In the
recent version KLauS6, a Phase Locked Loop (PLL) driven TDC has
been integrated. This enables precise time measurements with 200ps
time binning. The chip has been characterized using SiPMs with and
without scintillating tiles. The characterization procedures and the
results from lab and testbeam measurements with a particular focus
on timing will be presented.

T 20.5 Mon 17:00 Tt
Towards a Level 1 Single Track Z Trigger in the Belle
II Experiment — eFELIX MEGGENDORFER!3, STEFFEN BAEHRZ,
CHRISTIAN KiesLINg!#, SEBASTIAN SKaMBRAKsD?, and Kar Lukas
UNGER? for the Belle II-Collaboration — !Max-Planck-Institut fiir
Physik — 2Karlsruher Institut fiir Technologie — 3Technische Univer-
sitit Miinchen — 4Ludwig-Maximilians-Universitiat Miinchen

The Neurotrigger is a Level 1 track trigger within the drift chamber
in the Belle II Experiment, which uses a neural network for the z ver-
tex estimation. Since it ran stable in the last run period of 2020, we
managed to improve the delta z resolution by using real data for the
network training. We now aim for an unprescaled single track trigger
operation from 2021 on. This will lead to a much better sensitivity for
low multiplicity events, which is important for the discovery of new
physics, for example in the sectors of tau lepton flavor violation or
dark matter searches.

T 20.6 Mon 17:15 Tt
Modular and scalable Timepix3 readout system — Kraus DEg-
scH, eMARKUS GRUBER, THoMASzZ HEMPEREK, JOCHEN KAMINSKI,
LeoNiE RicHARzZ, and ToBiAs ScHIFFER — Physikalisches Institut,
Universitdt Bonn, Nuftallee 12, 53115 Bonn

With the highly granular pixel ASIC Timepix3 several different detec-
tors can be built by combining it either with a bump bonded sensor
or with a photolithographically postprocessed MicroMegas gas ampli-
fication stage (InGrid). With these combinations quite different appli-
cations like beam telescopes, X-Ray detectors and neutron TPCs can
be realized.

For the detectors to be built with this ASIC that range from sin-
gle chip to multichip designs and from low- to high-rate applications
a modular and scalable readout and control system is needed which
can efficiently adapt the different scenarios. The firmware and soft-
ware are based on the basil framework and as readout system several
FPGA boards are supported including the Scalable Readout System
(SRS) which offers scalability in low to medium rate multichip appli-
cations. Besides the capability of different detector designs the system
offers optional monitoring interfaces for different detector parameters.

In this talk I will present the readout and control system and how
it scales for the applications. Furthermore, I will show how the mod-
ular approach enables several different detector designs and offers the
needed functionality like calibration, equalization, readout and moni-
toring.

T 20.7 Mon 17:30 Tt
Software trigger optimization for the OSIRIS pre-detector of
JUNO — eRunxuaN Liuh 2, PuiLipp Kampmann!, Kar Loo3, Livia
Lupnoval>2, ALEXaNDRE GoOTTELDZ2, Mariam Rirar'»2, GiuLio
SETTANTAL, and CorNELIUS VOLLBRECHT!? — lForschungszentrum
Jilich - Institute for Nuclear Physics, IKP-2, Jiilich, Germany —
2RWTH Aachen University - Physics Institute I1I B, Aachen, Germany
— 3Johannes Gutenberg-Universitit Mainz, Institute for Physics,
Staudingerweg 7, 55128 Mainz

JUNO is a 20 kt liquid scintillator detector under construction in Jiang-
men, China, whose goal is to determine the neutrino mass hierarchy.
Its data taking is expected to start in 2022. In order to meet the
stringent requirements on the radiopurity of the liquid scintillator, the
OSIRIS pre-detector is being designed to monitor the liquid scintil-
lator during the several months of filling the large volume of JUNO.
OSIRIS will contain 20 ton of scintillator and will be equipped with 76
20-inch PMTs. The data acquisition system will have no global hard-
ware 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 software will organize these data streams into
events. This talk will discuss the optimization of the event trigger
conditions, for the inner liquid scintillator detector as well as outer
water Cherenkov detector, considering the expected rates of different
radio-active contaminations, cosmogenic muons, and the PMT dark
rates.

T 20.8 Mon 17:45 Tt
Development towards an active Muon Veto System for the
TAXO Experiment — eSHIVANI SHIVANI, ELisA Ruiz CHOLIZ, and
MarTHIAS ScHOTT — Johannes Gutenberg-University Mainz

A ray tracing code has been developed to simulate photons generated
by muons passing through scintillator coupled with SiPMs. The code
models the rectangular geometry of detector and optical properties of
the scintillator. This work concentrates on simulating photon trans-
portation in a scintillator detector. A preliminary study comparing the
experimental and stimulated efficiencies of the detector are presented.

T 20.9 Mon 18:00 Tt
Optimizations and Upgrades to the SuperCDMS SNOLAB
L1 Trigger System — eHaNNO MEYER zU THEENHAUSEN, LEA
BURMEISTER, FATEMA THASRAWALA, MATTHEW WILSON, ALEXAN-
DER ZAYTSEV, and BELINA vON KRrosiGk — Universitdt Hamburg

The SuperCDMS SNOLAB dark matter search experiment targets sen-
sitivity toward nuclear- and electron-recoil interactions with deposited
energies as low as a few eV. This puts requirements on the resolution,
efficiency, noise rejection, and throughput capacity of the employed
trigger system. To accomplish this, the SuperCDMS trigger system
is implemented on an FPGA on custom-hardware detector readout
cards. Using a multi-modular architecture, input waveforms from the
detector channels are downsampled, filtered, and subjected to a flex-
ible threshold- and trigger logic. The filtering step is achieved via an
FIR filter of which the coefficients resemble a time-domain optimal fil-
ter. This presentation gives an overview about the trigger system and
reports on parameter optimizations regarding the downsampling and
FIR filtering modules. Finally an outlook is given on a near future up-
grade involving noise correlations between individual input channels,
as well as a far future upgrade about triggering using an FPGA-level
neural network.

T 21: Data analysis, Information technology |

Time: Monday 16:00-18:15

T 21.1 Mon 16:00 Tu

Anomaly searches for new physics based on generative clas-
sifiers — eSVEN BoLiwEc and GrREGOrR KasiEczka — Universitét
Hamburg, Germany

There exist strong hints for the existence of physics beyond the stan-
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dard model (BSM). Many models for BSM physics have been inves-
tigated but none of these could be observed in data so far. Another
strategy are model-independent searches. The idea is that events origi-
nating from BSM processes differ from events originating from SM pro-
cesses. Without applying any knowledge of possible BSM processes, it
can be used to search for anomalous events.
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To search for anomalies, we use a generative classifier (GC) based
on invertible neural networks. A GC learns the likelihood of the input
data. The likelihood can be used either for classification or anomaly de-
tection. In the ideal case, anomalous events are less likely than all the
other events if we train the GC on SM events. We show a first attempt
to apply this method in the context of searching for new physics with
the CMS experiment in the dijet final state. We investigate different
input representations and anomaly scores based on the likelihood.

T 21.2 Mon 16:15 Tu
Searching for new physics with anomaly detection — eMANUEL
SoMMERHALDER!, ToBias LoscHE!, GrREGor Kasieczkal, Davip
Suin?, and ANNa Harnin? — 1 Universitat Hamburg — 2Rutgers Uni-

versity

Most analyses looking for new physics, such as beyond Standard Model
searches at the LHC, rely on a specific signal hypothesis for selecting
relevant data points. However, recently there is an increased inter-
est in developing model-independent selection criteria with the aim of
generically gaining sensitivity to unthought-of phenomena. A poten-
tial solution to this problem lies in anomaly detection, which consists
of various techniques that quantify how anomalous each data point
(or group of data points) is with respect to the entire data set, thus
yielding an additional measure to identify signal candidates.

We present our recent developments in using anomaly detection to
search for new physics via the concrete example of resonance searches
at the LHC. The primary focus is our application of Anomaly Detection
with Density Estimation (ANODE) using normalizing flows. Building
up on the previous state-of-the-art performance achieved by ANODE,
we highlight further advancements to improve its performance and
useability.

T 21.3 Mon 16:30 Tu
Utilization of GPUs in the training of neural networks —
GUNTER QuasT, ROGER WoLF, JANEK BECHTEL, SEBASTIAN BROM-
MER, RENE CAsSPART, RALF SCHMIEDER, FELIX HEYEN, GEssI RisTo,
ANDREW Issac, and eTim VoiGTLANDER — Karlsruher Institut fiir
Technologie, Karlsruhe, Deutschland

Machine learning has become a commonly used technique in recent par-
ticle physics analyses. As machine learning algorithms become more
refined and the neural networks used in recent analyses have become
more complex, the usage of specialized computing resources needs to
be explored, in order to ensure a reasonable turnaround cycle, espe-
cially for the training of the networks. In this talk the utilization of
a cluster of GPUs used to accelerate the training process is shown by
the example of the multilayer neural networks used in the CMS Higgs
— 77 analysis.

T 21.4 Mon 16:45 Tu
Improved energy resolution via super-resolution — JoHANNES
ERDMANN, FLORIAN MENTZEL, OLAF NACKENHORST, and e AARON
VAN DER GRAAF — TU Dortmund, Experimentelle Physik IV

In high energy particle physics, detectors with a good energy resolution
are essential for the precision of measurements. One possibility to im-
prove the energy resolution are detector upgrades. Another approach
is to artificially enhance the energy resolution by using super-resolution
(SR) algorithms. SR algorithms learn to upscale low resolution data
to high resolution data. The SR algorithms that are used in this work
are based on generative adversarial networks (GANs). By training
GANSs with simulation-based high resolution and low resolution data,
they have been shown to learn the complex correlations between low
and high resolution data. After the training, GANs can then upscale
the low resolution data. In this presentation, preliminary results are
presented.

T 21.5 Mon 17:00 Tu
Decoding vy-showers: Physics in the Latent Space of a BIB-
AE Generative Network — eERIK BuaMaNN — Institut fir Ex-
perimentalphysik, Universitdt Hamburg

With future collider experiments’ vast data collection capabilities and
limited computing resources, interest in using generative neural net-
works for fast simulation of collider events is growing. In our pre-
vious study the Bounded Information Bottleneck Autoencoder (BIB-
AE) showed state-of-the-art generation accuracy for photon showers
in a high-granularity calorimeter, precisely modelling various global
differential shower distributions. In this work we investigate how the
BIB-AE encodes these physics information in the latent space for dif-
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ferent model configurations. Our understanding of this latent space
encoding allows us to propose methods to further optimize the gener-
ation performance of the BIB-AE model, namely specific hyperparam-
eter optimization and an altered latent space sampling. In particular
we were able to improve the modelling of the shower shape along the
particle incident axis.

T 21.6 Mon 17:15 Tu
Hadronic Shower Separation in Five Dimensions using Ma-
chine Learning Methods — eJack RoLpH, GREGOR KASIECZKA,
and ErikA GArRuTTI — Institut fiir Experimentalphysik, Universitat
Hamburg, Luruper Chaussee 149, 22761 Hamburg, Deutschland

Accurate clustering of hadronic energy depositions plays a critical role
in the particle flow approach proposed for future linear colliders. The
highly-granular CALICE Analogue Hadronic Calorimeter prototype
(AHCAL), designed with this task in mind, is distinguishable due to
its ability to measure the development of a hadron shower in time as
well as space. The benefit of time as an additional observable to the
clustering of the simulated energy depositions of a charged and ’faked’
neutral hadron observed with the AHCAL was studied using several
state-of-the-art neural network architectures. These neural networks
were optimised using simulations of perfect and expected operating
time resolutions. As a control, networks with the same architectures
were also trained without time. The clustering performance of each
network relative to the control was then assessed over a range of pos-
sible operating time resolutions. For all studied networks and resolu-
tions, the improvement in energy resolution due to time was found to
be minor to negligible using these existing methods.

T 21.7 Mon 17:30 Tu
Applications of Graph Neural Networks in Liquid Scintilla-
tor Neutrino Detectors — e ALEXANDROS TSAGKARAKIS, MARKUS
BACHLECHNER, THILO BIRKENFELD, PHILIPP SOLDIN, ACHIM STAHL,
and CHRIsTOPHER WIEBUsCH — III. Physikalisches Institut B, RWTH
Aachen University

In neutrino physics, liquid scintillator detectors like Double Chooz and
JUNO are utilized to measure the elements of the Pontecorvo-Maki-
Nakagawa-Sakata matrix or to determine the sign of the mass differ-
ence Amgl of the neutrino mass hierarchy. The main channel for the
detection of neutrinos is the Inverse Beta Decay with protons in the
detector medium, resulting in a positron and a neutron. Those initiate
a prompt signal from the positron and a delayed signal from the neu-
tron. On the other hand electrons from various sources, such as the
decay of 9Li and 8He atoms, produce similar signatures, which cause
a significant amount of background and hence challenges to achieve
the above goals. Therefore, we apply machine learning algorithms for
energy and vertex reconstruction or direct electron-positron discrimi-
nation to reduce this background. The geometry of the experiments
can be well mapped in a Graph Neural Network. In this talk, we
present the implementation and the first results of the aforementioned
tasks.

T 21.8 Mon 17:45 Tu
Online Event Selection using GPUs for the Mu3e experi-
ment — ¢ VALENTIN HENKYS for the Mu3e-Collaboration — Johannes
Gutenberg University Mainz

The Mu3e experiment searches for physics beyond the Standard Model
using the lepton flavour violating decay u™ — eTe~et. Observing the
decay products of 1-108u/s results in a data rate of 80Gbps. An online
algorithm for graphics processing units (GPU) is presented, reducing
the data rate with the Mu3e filter farm by a factor of over 100, to
bring it below 100MBps. The filter farm consists of 12 PCs running
this algorithm on one GPU each.

The algorithm is divided into three parts. The first step selects possi-
ble event candidates using simple and fast geometric selection criteria,
reducing the candidates to under 2.5% of the initial set. These are
then used in the second step, reconstructing the helical tracks of the
electrons and positrons. Finally these tracks are used to reconstruct
the event vertex. To fulfill the high performance requirements, fast
geometric considerations are used instead of a full vertex fit.

The algorithm is able to reduce the data rate by a factor of over 100
while keeping 98% of the events found by the offline algorithm.

T 21.9 Mon 18:00 Tu
Muon Track Reconstruction in Liquid Scintillators with
Graph Neural Networks — eRosmARrRIE WIRTH — Hamburg Uni-
versity, Hamburg, Germany
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Large liquid scintillation detectors are successfully used to observe
the neutrino oscillation parameters by detecting reactor neutrinos. A
main, hard to identify background are cosmogenics. These are 9Li and
8He atoms, which are produced in showers along cosmic muon tracks.
While decaying the cosmogenics mimic the inverse -decay, which is
the detection process to identify reactor neutrinos. While muon vetos
are a straight forward method to reduce this background, they create a
lot of dead time. With the JUNO experiment 15.7 % reactor neutrino
events are predicted to be missed, due to the muon veto. A superior
muon track and shower reconstruction method, could improve the data

taking of JUNO and comparable experiments tremendously. Classical
and machine learning approaches are being developed for JUNO.

The here presented work studies the use of Graph Neural Networks
to reconstruct muon tracks and corresponding showers. Graph Neu-
ral Networks provide the option to include the geometrical detector
setup to improve the reconstruction. On TOY Monte Carlo Data
showers in the detector volume could be located with an accuracy of
4+0.22+0.14m. Additionally results on a voxelwise photon emission
distribution are presented.

T 22: Experimental techniques in astroparticle physics |

Time: Monday 16:00-18:35

Group Report T 22.1 Mon 16:00 Tv
The IceCube Upgrade Project — eMARTIN RoNGEN for the
IceCube-Collaboration — Johannes Gutenberg Universitat Mainz, In-
stitut fiir Physik

The IceCube Neutrino Observatory instruments about 1 km? of deep,
glacial ice at the geographic South Pole with 5160 photomultipliers to
detect Cherenkov light of charged relativistic particles. Exact mod-
els of the optical properties of the natural ice are crucial since their
shortcomings are a major source of systematic uncertainty in physics
analyses.

Following IceCube’s recent success in the discovery of an astrophysi-
cal neutrino flux, strong indications for the first neutrino point sources,
and competitive measurements of neutrino oscillation parameters, the
detector is now set to be upgraded. This IceCube Upgrade will con-
sist of seven new strings to be deployed near the center of the existing
IceCube array in 2022/23.

In addition to a further 700 novel optical sensors (of various designs
including variants with a segmented photocathode and enhanced-UV
sensitivity), enabling world-leading neutrino oscillation physics, the
Upgrade strings will include unique calibration devices designed to im-
prove the understanding of the ice. The refined calibration resulting
from the Upgrade will be applied to the entire archival IceCube data
set, improving in particular point source sensitivities. This talk will
give an overview of the IceCube Upgrade project including its instru-
mentation and will detail how we anticipate the improved calibration
to impact physics results.

T 22.2 Mon 16:20 Tv
Hole Ice, Cables, and Non-Spherical Detector Modules in
Light-Propagation Simulations for the IceCube Experiment
— oSEBASTIAN FIEDLSCHUSTER for the IceCube-Collaboration — Er-
langen Centre for Astroparticle Physics, Erwin-Rommel-Str. 1, 91054
Erlangen

IceCUBE is a neutrino observatory located at Earth’s South Pole that
uses glacial ice as detector medium where particles from neutrino in-
teractions produce Cherenkov light as they move through the ice. The
light is then detected by an array of photo detectors deployed within
the ice.

Aiming to improve detector calibration for the current IcECUBE
detector as well as for the upcoming detector upgrade, a modified
ray-tracing algorithm based on IcECUBE photon-propagation software
is used to account for regions of different optical properties in light-
propagation simulations. Of particular interest are the drill-hole re-
gions (hole ice) of the detector medium, opaque cables of the detector
instrumentation as well as light-sensitive detector modules of differ-
ent shapes. This talk will outline the simulation method and present
current and future applications.

T 22.3 Mon 16:35 Tv
Trilateration-based Geometry Calibration of the IceCube De-
tector — eMarTHIAS BODDENBERG!, CHRISTIAN HAACK®, SASKIA
PHiLIPPEN!, MARTIN RoNGEN2, and CHRISTOPHER WIEBUSCH! for
the IceCube-Collaboration — 'RWTH Aachen University - Physics In-
stitute III B, Aachen, Germany — 2Johannes Gutenberg-Universitit
Mainz — 3TU Miinchen

The IceCube Neutrino Observatory detects charged particles by mea-
suring their Cherenkov light using photomultipliers embedded in the
deep Antarctic ice at the South Pole. Reconstruction of the particle
directions relies on arrival times of Cherenkov photons at the position

32

Location: Tv

of these photomultipliers. Their currently assumed positions are only
accurate to about a meter. Goal of this work is improving the calibra-
tion of these sensor positions. For this, we measure the transit times
of light emitted from LEDs within the sensor modules and received
by neighboring sensors. From these transit times the sensor distances
can be derived using models for the light propagation in ice. In this
talk, we present a novel method for calibrating the detector geometry
based on the trilateration of these distances within a global likelihood
analysis.

T 22.4 Mon 16:50 Tv
Comparison of directional reconstruction algorithms for
muons using the Moon shadow in IceCube — eSEBASTIAN
ScHINDLER, THORSTEN GLUSENKAMP, and GISELA ANTON for the
IceCube-Collaboration — Erlangen Centre for Astroparticle Physics
(ECAP), University Erlangen-Niirnberg, Germany

IceCube is a cubic-kilometer-sized neutrino observatory located at the
Geographic South Pole. In IceCube, arrival directions of muon neu-
trinos are determined from resulting muon tracks in the detector. At-
mospheric muons, which originate from cosmic rays, produce a similar
signature in the detector, and can therefore be used to test directional
reconstruction algorithms. The Moon acts as a calibration source for
directional reconstructions using atmospheric muons, by producing an
easy-to-observe localized reduction of the mostly uniform cosmic-ray
flux.

The directional accuracy of two new muon-reconstruction algorithms
is tested by using the abundant flux of cosmic rays in a Moon analy-
sis. One reconstruction is a further development of the currently best
reconstruction used in IceCube, and the other is a machine-learning-
based approach. The results of the accuracy comparison with the
currently best reconstruction will be presented.

T 22.5 Mon 17:05 Tv
The mDOM - a multi-PMT optical module for the Ice-
Cube Upgrade — eMARTIN ANTONIO UNLAND ELORRIETA for
the IceCube-Collaboration — Institut fiir Kernphysik, Westfélische
Wilhelms-Universitat Miinster, Miinster

The IceCube detector at the South Pole, currently the largest neu-
trino observatory worldwide, is being upgraded with seven new strings.
New sensors with increased sensitivity have been developed for this
project, the IceCube Upgrade. More than half of the modules in-
stalled will be Multi-PMT Digital Optical Modules (mDOMs), which
feature 24 isotropically aligned photomultipliers (PMTs) in a pressure
vessel. This design provides, among other things, an effective photo-
sensitive area more than twice that of IceCube’s current optical sensor,
near-uniform angular coverage, and the ability to exploit local coinci-
dence between PMTs of the same module. The presentation provides
an overview of the module design.

T 22.6 Mon 17:20 Tv
Analyzing PMT characterization measurements for the Ice-
Cube mDOM with the python/numpy-based package PeeEm-
Tee — eJonas REUBELT and JupiTH ScHNEIDER for the IceCube-
Collaboration — ECAP, Universitat Erlangen-Niirnberg

Photomultiplier tubes (PMTs) are frequently used as high-sensitivity
light sensors in modern physics detectors like IceCube. Precision mea-
surements employing PMTs require a detailed understanding of the
sensors’ behavior in low-light-level environments. The PeeEmTee pack-
age (https://github.com/JonasReubelt/PeeEmTee) provides function-
alities fundamental for PMT characterization under such conditions.
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Concept and functionality of the package will be presented in the con-
text of recent PMT characterization measurements for the IceCube
mDOM.

T 22.7 Mon 17:35 Tv
Test der Linearitéit der Photomultiplier fiir das mDOM des
IceCube Upgrades — e¢CHARLOTTE BENNING, LAssE HALVE und
CurisToPHER WIEBUsCH fiir die IceCube-Kollaboration — RWTH
Aachen University - Physics Institute III B, Aachen, Germany

Das IceCube Upgrade wird das aktuelle IceCube Neutrino Observato-
rium um sieben zusétzliche Instrumentenstrange erweitern. Mehr als
400 multiple-PMT Digital Optical Modules [mDOM]| mit jeweils 24 3”
Photomultiplier Tubes [PMT] werden eingesetzt. Vor der Integration
in die Module miissen die mehr als 10.000 neuen PMTs auf Einhaltung
der Herstelleranforderungen gepriift und kalibriert werden. Eine die-
ser Anforderungen an die PMTs ist die Linearitdt der Ladungsantwort
von 90% bei bis zu 100 instantanen Photoelektronen. In diesem Vor-
trag wird das Prinzip der Messung der Linearitdt durch Variationen
der Lichtintensitit sowie vorbereitende Messungen fiir die Massentests
vorgestellt.

T 22.8 Mon 17:50 Tv
First light of the PMT characterisation facility for the Ice-
Cube mDOM at the TU Dortmund — eJOHANNES WERTHEBACH
for the IceCube-Collaboration — TU Dortmund

The IceCube Neutrino Observatory measured the first astrophysical
high-energy neutrino flux back in 2013. One substantial part of the
upcoming low energy expansion is the multi-PMT optical module,
mDOM. It consists of 24 3-inch PMTs spherically arranged within the
mDOM. To provide a consistent signal quality more than 10.000 PMTs
need to be tested and characterised before they are installed into the
mDOM.

A large scale testing facility is build in Aachen and Dortmund. To
provide a fast and reliable solution 98 PMTs can be characterised in a
single test cycle at temperatures as low as -20°C. The setup and first

measurements from the site at the TU Dortmund are presented.

T 229 Mon 18:05 Tv
Characterization of the analog front-end of the mDOM for

the IceCube Upgrade at different temperatures — eJUDITH
SCHNEIDER — Friedrich-Alexander-Universitdt Erlangen-Niirnberg,
ECAP

In the framework of a planned upgrade of the IceCube Neutrino Ob-
servatory and a next-generation neutrino telescope at the South Pole,
new optical modules are being developed, which are expected to sig-
nificantly increase the detector sensitivity. One of such concepts is the
multi-PMT Digital Optical Module (mDOM) which features 24 three-
inch PMTs inside a pressure vessel resulting in a homogeneous direc-
tional sensitivity. An interacting neutrino creates secondary particles
producing Cherenkov light which is detected by the PMTs. The PMT
signal is processed by an analog front-end (AFE). All 24 channels are
digitized separately with a 125 MSPS ADC. We present characteriza-
tion measurements of the AFE of the mDOM for the IceCube Upgrade
at different temperatures including -40°C as a proof of concept.

T 22.10 Mon 18:20 Tv
Calibration LEDs for the IceCube Upgrade mDOM Modules
— o THEODOROS MANOUSSOS, SEBASTIAN BOSER, and MARTIN RON-
GEN for the IceCube-Collaboration — Institut fiir Physik, JGU Mainz

The IceCube Neutrino Observatory detects charged particles by mea-
suring their Cherenkov light using photomultipliers embedded in the
deep Antarctic ice at the South Pole. The IceCube Upgrade is planned
to be deployed in the 2022/2023 Antarctic summer and will include
about 700 new multi-PMT digital optical modules (mDOM). Each of
those will be equipped with LEDs (mDOM flashers), two daisy chains
with five LEDs each. The upgraded flasher system aims for the better
understanding of the optical properties of the glacial ice and therefore
plays an essential role to further reduce the systematic uncertainties in
IceCube. In this talk the design, production and testing of this flasher
system is presented.

T 23: Hauptvortrige (Invited Talks) |

Time: Tuesday 9:45-12:30

Invited Talk T 23.1 Tue 9:45 Tb
Physics Beyond Colliders — eJoerc JareckerL! and Various
Puysics BeEvonp CoLLiDERS STUuDY GRroup? — !ITP Heidelberg,
Heidelberg, Germany — 2Various

Physics Beyond Colliders is a study group mandated by CERN man-
agement to explore the options for future experiments complementary
to those at colliders. In this talks we consider the experiments dis-
cussed in this context over the last few years with a particular fo-
cus on the fundamental physics questions that they could explore and
hopefully answer.

Coffee Break 30 min

Invited Talk T 23.2 Tue 11:00 Tb
Going the Extra Mile to Push the Frontier — e ALEXANDER
MANN — Ludwig-Maximilians-Universitdt Miinchen

With the completion of the Run-2 dataset, a major checkpoint in the
LHC physics program has been reached. For several years, this dataset
will be the largest ever taken at the high-energy frontier and enable
searches for physics beyond the Standard Model to explore new regions
of phase space.

The wealth of data increases the sensitivity to the many models
already under consideration, but the more important boost typically
arises from new and refined analysis techniques that allow more chal-
lenging scenarios to be tackled, which are characterized by small cross
sections or low signal acceptance or require dedicated reconstruction
algorithms. With the Run-2 dataset many new and interesting models
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can be studied for the first time — in this presentation, we will look
at the overall status of the LHC searches and at the highlights from
some selected recent results in detail.

Invited Talk T 23.3 Tue 11:45 Tb
Cosmic Nucleosynthesis, a Multi-Messenger Challenge —
eRoLAND DiEHL — Max Planck Institut fiir extraterrestrische Physik,
Garching, Germany

The origin of cosmic elements and isotopes is one of the fundamental
questions in astrophysics. Identifying signatures clearly attributed to
specific atomic or nuclear species is the main tool of the associated
astronomy, and commonly applied to starlight. In stellar explosions,
gas however is highly ionized and not in thermal equilibrium, making
identifications more challenging. Moreover, nucleosynthesis in stars
and explosions occurs through reactions among often unstable isotopes,
and elemental information is ambiguous. In this talk, we review the
astronomical messengers towards an understanding of cosmic nucle-
osynthesis, in their diversity. Observations of cosmic nucleosynthesis,
direct and less direct, in gaseous and solid materials will be compared.
The decay of unstable isotopes that are ejected from such sources pro-
vides a new tool from gamma-ray spectroscopy; more-common optical
spectra, but also stardust or cosmic ray compositions within the so-
lar system can be analysed with high precision, but are also offset in
time and space from the nucleosynthesis event. We will discuss how
these multiple messengers of cosmic nucleosynthesis complement each
other, addressing specific events such as the kilonova/gravitational-
wave event GW170817, and examples of core-collapse and type Ia su-
pernovae.
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T 24: Eingeladene Vortrage (Invited Topical Talks) |

Time: Tuesday 14:00-15:30

Invited Topical Talk T 24.1 Tue 14:00 Tc
Cosmic Particles at Extreme Energies — eMicHAEL UNGER —
Karlsruhe Institute of Technology, Karlsruhe, Germany

Cosmic rays are the highest energy messengers of astrophysical phe-
nomena in the Universe. The sources of these particles are unknown
and it is one of the great puzzles of modern astrophysics how they are
accelerated to macroscopic energies of >10720 eV. In this talk I will
highlight recent experimental results on ultrahigh-energy cosmic rays
and discuss their implications on our understanding of the physics and
astrophysics at extreme energies.

Invited Topical Talk T 24.2 Tue 14:30 Tc
IceCube Upgrade - The next level in precision neutrino
physics at the South Pole — eLEw CrLasseN — WWU Miinster,
Miinster, Germany

Following the discovery of cosmic high energy neutrinos, a competitive
measurement of neutrino oscillation parameters and a strong indication
for the first neutrino point source, plans for extensions of the IceCube
neutrino telescope have matured. IceCube Upgrade, a next-generation
low-energy neutrino detector, will be installed in the 2022/23 Antarctic
summer season and consist of about 700 novel optical sensors as well
as state-of-the-art calibration devices distributed along seven strings
located in the central region of the existing array. This upgrade will
significantly enhance IceCube’s capabilities to measure oscillation pa-
rameters. In particular, it will allow for measuring tau neutrino ap-
pearance in the atmospheric neutrino flux to unprecedented precision.
Providing a test for the unitarity of the neutrino mixing matrix, this
result will be a sensitive probe for physics beyond the standard model.

Location: Tc

The enhanced understanding of the detection medium and sensor re-
sponse will also reduce IceCube’s systematic uncertainties, allowing
to revisit more than ten years of archival data with an improved di-
rectional and spatial resolution. In addition to its compelling science
case, IceCube Upgrade will also pave the path towards IceCube-Gen2,
the upcoming next-generation high-energy neutrino telescope at the
South Pole. The presentation will address the R&D activities towards
the Upgrade as well as the resulting physics potential.

Invited Topical Talk T 24.3 Tue 15:00 Tc
The NUCLEUS experiment - New physics with coherent
neutrino-nucleus scattering — eRAIMUND STRAUSsS — Technische
Universitat Miinchen

The detection of coherent-neutrino nucleus scattering (CEvNS) opens
a new window to study the fundamental properties of neutrinos and
to probe physics beyond the Standard Model of Particle Physics. NU-
CLEUS is a novel cryogenic neutrino experiment at a nuclear power
reactor which allows for precision measurements of CEvNS at unprece-
dentedly low energies. It is based on recently demonstrated ultra-low
threshold cryogenic detectors with nuclear-recoil energy thresholds in
the 10eV regime. Accessing these energies enables to fully exploit the
strongly enhanced cross section of CEvNS which leads to a miniatur-
ization of neutrino detectors. NUCLEUS is fully funded and will be
installed at a new experimental site in between the two 4GW reactor
cores of the CHOOZ nuclear power plant in France. In this talk, I will
present recent results from a prototype detector as well as the physics
program of NUCLEUS, and give an overview of the growing field of
CEvVNS.

T 25: Eingeladene Vortrage (Invited Topical Talks) Il

Time: Tuesday 14:00-15:30

Invited Topical Talk T 25.1 Tue 14:00 Td
A large Scintillating Fibre Tracker for the LHCb Upgrade
— oX1a0oxUE HAN — Physikalisches Institut, Universitdt Heidel-
berg,Heidelberg, Germany

The LHCD detector at the Large Hadron Collider (LHC) is undergo-
ing a major upgrade during the long shutdown 2019/2020 in order
to collect data at an instantaneous luminosity of up to 2*1033 cm-2s-
1.The higher detector occupancy and higher radiation level require the
replacement of the current downstream tracking stations by a Scin-
tillating Fibre (SciFi) Tracker. The SciFi Tracker comprises plastic
scintillating fibres, read out by state-of-the-art multi-channel Silicon
Photomultiplier (SiPM) arrays. The detector design, studies of the
radiation hardness of scintillating fibres and the SiPM arrays, the cus-
tomized PACIFIC ASIC, the front-end electronics, the test beam per-
formance of the detector slice and the current detector assembly and
commissioning status are described.

Invited Topical Talk T 25.2 Tue 14:30 Td
Assembling the flavour jigsaw (2021 edition) — eOscar CAtTa
— Theoretische Physik 1, Universitdat Siegen, Walter-Flex-Str. 3,
D57068 Siegen

I will discuss the status of the different flavour puzzles that we are cur-
rently facing in particle physics, taking into account the most recent
experimental data. I will also report on the most compelling theoreti-
cal ideas to tackle them. In particular, I will comment on the current
status of low-TeV leptoquarks, which in the last years have attracted
increasing attention. Such new-physics extensions strongly correlate
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quark and lepton interactions and carry a number of genuine new-
physics predictions that can be tested in future experimental searches.
Interestingly, in light of some of these predictions, new insights on the
different flavour puzzles might be just lurking around the corner.

Invited Topical Talk T 25.3 Tue 15:00 Td
Erste Physik mit “Full Event Interpretation” am Belle IT Ex-
periment — eWILLIAM SUTCLIFFE — University of Bonn, Bonn, Ger-
many

Das Belle II Experiment in Japan hat 2018 seinen Betrieb aufgenom-
men und wurde gebaut um bei den hochsten Luminositidten im sau-
beren Produktionsprozess von ete~-Annihilation eine grofe Anzahl
von produzierten B-Mesonen aufzuzeichnen. Durch Untersuchungen
der anschliefenden B-Mesonen-Zerfélle kénnen eine Vielzahl von Pra-
zisionstests des Standardmodells durchgefiihrt werden um so direkt
oder indirekt nach neuartigen Physikprozessen zu suchen. Angesichts
der herausfordernden Natur vieler dieser Messungen wird oft eine spe-
zielle Technik, die als Tag-Seiten-Rekonstruktion bekannt ist, verwen-
det, bei der eines der beiden B-Mesonen aus dem jeweiligen Ereignis in
vielen exklusiven Zerfallskanélen rekonstruiert wird. Mit diesem An-
satz lassen sich kinematische Eigenschaften und den sog. Flavor des
zweiten B-Mesons rekonstruieren oder eingrenzen. In diesem Vortrag
prasentiere ich erste Messungen von Belle II mit den 2019 und 2020
aufgezeichneten Kollisionsdaten, die mit dem Belle-II-Algorithmus fiir
Tag-Seiten-Rekonstruktion, der sog. “Full Event Interpretation” (FEI),
durchgefiihrt wurden. Der FEI-Algorithmus wird einen Beitrag bei der
Realisierung des Belle II-Physikprogramms spielen und uns Messungen
von herausfordernden Endzusténde ermdoglichen.
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T 26: Higgs physics (theory)

Time: Tuesday 16:00-18:30

T 26.1 Tue 16:00 Ta
Parton-shower effects in Higgs production via Vector-Boson
Fusion — BARBARA JAGER!, ALEXANDER KARLBERG?, SIMON
PLATZER?, @JOHANNES SCHELLER!, and MaRrRco Zaro? — llInstitute
for Theoretical Physics, University of Tiibingen, Germany — 2Rudolf
Peierls Centre for Theoretical Physics, University of Oxford, United
Kingdom — 3Particle Physics, Faculty of Physics, and Erwin
Schrédinger Institute for Mathematics and Physics, University of Vi-
enna, Austria — *INFN Sezione di Milano & TifLab, Italy

We present a systematic investigation of parton-shower and match-
ing uncertainties of perturbative origin for Higgs-boson production
via vector-boson fusion. To this end we employ different generators
at next-to-leading order QCD accuracy matched with shower Monte
Carlo programs, PYTHIA8, and HERWIG7, and a next-to-next-to-leading
order QCD calculation. We thoroughly analyse the intrinsic sources
of uncertainty within each generator, and then compare predictions
among the different tools using the respective recommended setups.
Within typical vector-boson fusion cuts, the resulting uncertainties
on observables that are accurate to next-to-leading order are at the
10% level for rates and even smaller for shapes. For observables sen-
sitive to extra radiation effects uncertainties of about 20% are found.
We conclude that for vector-boson fusion processes an assessment of
the uncertainties associated with simulation at next-to-leading order
matched to parton showers based only on the variation of renormali-
sation, factorisation and shower scales systematically underestimates
their true size.

T 26.2 Tue 16:15 Ta
Gauge-invariant description of the Higgs resonance and its
phenomenological implications — eRENE SONDENHEIMER and
AXEL Maas — Institute of Physics, NAWI Graz, University of Graz,
Universitatsplatz 5, A-8010 Graz, Austria

We investigate the phenomenological consequences of a strict gauge-
invariant formulation of the Higgs particle. This requires a descrip-
tion of the observable scalar particle in terms of a bound state struc-
ture. Although this seems to be at odds with the common treatment
of electroweak particle physics at first glance, the properties of the
bound state can be described in a perturbative fashion due to the
Frohlich-Morchio-Strocchi (FMS) framework. In particular a relation
between the bound-state Higgs and the elementary Higgs field is ob-
tained within 't Hooft gauges such that the main quantitative prop-
erties of the conventional description reappear in leading order of the
FMS expansion. In particular the pole structure of the elementary
and the bound-state propagator coincide to all orders in a perturba-
tive expansion. However, slight deviations of scattering amplitudes
containing off-shell Higgs contributions can be caused by the internal
bound state structure which will be discussed.

T 26.3 Tue 16:30 Ta
Effective Field Theory interpretations in Higgs boson pair
production studies — eCHRISTINA DimiTRIADI — Physikalisches
Institut Universitat Bonn, Germany — Uppsala University, Sweden

After the discovery of the Higgs boson in 2012, searching for the simul-
taneous production of two Higgs bosons (di-Higgs) in proton-proton
collisions would enable us to establish evidence of the Higgs boson
self-coupling which is directly linked to the shape of the Higgs poten-
tial.

Interpretations in Effective Field Theories (EFT) can be benefi-
cial as they provide new physics contributions in a model-independent
way. Two different approaches are popular in di-Higgs, the Higgs EFT
(HEFT), which is described by the Electroweak Chiral Lagrangian
and the Standard Model EFT (SMEFT), where the SM Lagrangian
is extended to higher mass dimensions. Theorists have provided an
analytical parametrisation for the total cross-section and the myj dis-
tribution as a function of the anomalous Higgs couplings including
NLO corrections, and weights have been produced and made avail-
able. Some intermediate results will be presented concerning HEFT
reweighting validation studies.

T 26.4 Tue 16:45 Ta
Probing standard-model Higgs substructures using tops and
weak gauge bosons — eAXEL Maas — University of Graz, Graz,
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Manifest gauge-invariance requires that observable states in the
standard-model are described by composite operators, which involve
additional (valence) Higgs contributions beyond perturbation theory.
This field-theoretical effects has been supported in various lattice sim-
ulations, including for fermions. With current available and future
experimental facilities it starts to become possible to probe this. This
will be explored in this talk.

It will be shown how such a valence Higgs contribution can show up
in production of final states like ttbar(Z) at both future lepton and
future and current hadron colliders. Especially at the LHC this has
been found to be compatible with run 2 data. The effect is expected
to be much more substantial at the FCC-hh. Such a substructure can
also affect precision observables, e.g. anomalous couplings, both of the
Higgs and of the weak gauge bosons. It is therefore a natural candidate
for an investigation at the ILC.

T 26.5 Tue 17:00 Ta
Investigating triple Higgs production in and beyond the
SM at proton-proton colliders. — eGILBERTO TETLALMATZI-
XorLocoTzi}, ANDREAS PaPAEFsTATHIOUZ, TaNiA RoBENs?, and
Marco Zaro* — lUniversity of Siegen, Walter-Flex-Str. 3, 57068
Siegen — 2Higgs Centre for Theoretical Physics, University of Edin-
burgh, Peter Guthrie Tait Road, Edinburgh EH9 3FD, UK. — 3Ruder
Bokovic Institute, Bijenicka cesta 54, 10000 Zagreb, Croatia — 4Tif
Lab, Dipartimento di Fisica, Universita di Milano and INFN, Sezione
di Milano, 20133 Milano, Italy

In this talk we will discuss the production of three Higgs bosons in the
LHC and at a proton-proton collider running at a centre-of-mass en-
ergy of 100 TeV. We will argue that the seemingly challenging 6-botton
jets final state is a very good candidate to investigate triple Higgs pro-
duction within and beyond the SM in proton-proton colliders.

In particular we will consider three different scenarios: one in which
the triple and quartic Higgs boson self-couplings are not affected by
new physics phenomena besides the Standard Model (SM) and in ad-
dition, we will explore two possible SM extensions by one and two new
scalars. We will show that a 100 TeV machine can impose competitive
constraints on the quartic coupling in the SM-like scenario. In the case
of the scalar extensions of the SM, we will show that large significances
can be obtained in the LHC and the 100 TeV collider while obeying
current theoretical and experimental constraints including a first order
electroweak phase transition.

T 26.6 Tue 17:15 Ta

Two-Loop Higgs Boson Masses in the CP-Violating
NMSSM — Nuunc Dao®, eMARTIN GABELMANN!, MARGARETE
MuoHLLEITNER!, and Hempr Rzeaak? — KIT, Karlsruhe, Germany

— 2Uni Freiburg, Germany — 3ICISE, Vietnam

Imposing supersymmetry inevitably connects a theories Higgs-, gauge-
and Yukawa-sector. Therefore, the discovery of a 125 GeV Higgs boson
at the LHC puts tight constraints on parameter spaces of supersym-
metric models which need to predict the correct Higgs boson mass.
The importance of higher-order corrections in this game cannot be
overemphasised: in the minimally supersymmetric SM (MSSM), loop-
corrections are known to be O(40%) of the tree-level Higgs boson mass
prediction.

In this talk, we report on recent progress in Higgs boson mass predic-
tions at two-loop accuracy O ((a,\ + ap + at)Q) in the CP-violating
NMSSM. We introduce the imposed renormalization schemes which
combine minimal subtraction as well as on-shell conditions and dis-
cuss the size of the resulting scheme uncertainty. Furthermore, we
discuss the appearance of infra-red (IR) divergences as well as three
different IR-restoring methods in a subset of the two-loop tadpole-
and selfenergy-diagrams. Finally, we compare size of the new two-
loop corrections relative to the previously calculated O (ot (as + o))
contributions.

T 26.7 Tue 17:30 Ta
Calculations of one-loop corrections to decays for charged
Higgs bosons in NMSSM — Tur NHUNG Daol!, MARGARETE

MUOHLLEITNER?, SHRUTI PaTEL23, and eKopar Sakurar®#
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Hnstitute For Interdisciplinary Research in Science and Education,
ICISE, quy nhon, Vietnam — 2Institute for Theoretical Physics, Karl-
sruhe Institute of Technology, Karlsruhe, Germany — 3Institute for
Nuclear Physics, Karlsruhe Institute of Technology, Karlsruhe, Ger-
many — 4Institute for Astroparticle Physics, Karlsruhe Institute of
Technology, Karlsruhe, Germany

Despite the discovery of the Higgs boson with a mass of 125 GeV,
the structure of the Higgs sector remains unknown. In light of the
current situation that a second Higgs boson has not been discovered,
indirect searches of such a new particle through observables for Higgs
bosons are more and more important. This requires accurate theoreti-
cal predictions for such observables in order to compare them with the
precision measurements in experiments. In this study, we calculated
the full one-loop corrections to the decay widths for various charged
Higgs boson decays in the framework of Next-to-Minimal Supersym-
metric Model (NMSSM) with CP violation. In this talk, we discuss the
impact of the NLO corrections for the branching ratio of each decay
mode in a wide range of parameter space that is compatible with the
experimental constraints.

T 26.8 Tue 17:45 Ta

A Two-Higgs-Doublet Variant of the Standard*Model* Axion*S

Portal-Inflation Model — eMicHAEL MATLIS, ANDREAS RING-
wAaLD, and GUDRID MoorrcaT-Pick Deutsches Elektronen-
Synchrotron DESY, Theory Group, D-22603 Hamburg, Germany

The Standard Model (SM) suffers from five shortcomings: Dark Mat-
ter, Neutrino masses and mixing, Baryon asymmetry, Strong CP-
Problem and Inflation. The latter is regarded as the seeds for struc-
ture formation. In this contribution, we introduce the 2hdSMASH
(Two-Higgs-Doublet SM*Axion*Seesaw*Higgs-Portal-Inflation) model
which aims at giving a complete and unified picture of the universe evo-
lution from the inflationary epoch to today. In particular, we focus on
parameter constraints for scalar masses and on the inflationary con-
straint for perturbative unitarity and provide an outlook for further
collider phenomenology in 2hdSMASH.

T 26.9 Tue 18:00 Ta

T 27
Time: Tuesday 16:00-17:45

T 27.1 Tue 16:00 Tb
Measurement of inclusive jet cross-section with different size
parameters at /s =13 TeV in the ATLAS experiment —
eFErRNANDO DEL Ri1o — Kirchhoff Institute for Physics

Jets are the experimental evidence of the fundamental particles gov-
erned by quantum chromodynamics (QCD), quark and gluons; their
study brings valuable insight into both the physics of the Standard
Model and the searches for new physics. A jet can be though in terms
of a set of particles coming from a single original particle, or, in terms
of measurement, a set of energy deposits in a detector. On the particle-
level, the process by which a jet is formed involves hadronization, a
non-perturbative phenomenon that cannot be explained from first prin-
ciples. On the measurement-level a size parameter (radius or R) must
be set for the anti-k: algorithm used to define jets. In the ATLAS
experiments the default value for R is 0.4. In this ongoing work which
uses 43 fb~1 of data from the LHC, we plan to measure the cross-
section of jets that have different radii (0.2 and 0.6) to gain insight
of the non-perturbative processes involved in jet formation. With this
goal, in-situ calibrations have been derived for the different R, a trigger
strategy has been worked out and their resolution has been determined
with an in-situ method.

T 27.2 Tue 16:15 Tb
Measurement of di-jet event cross sections in pp collisions
at /s = 13 TeV with CMS 2016 data — eLuis IaNnacio Es-
TEVEZ BANOS, ARMANDO BERMUDEZ MARTINEZ, PATRICK CONNOR,
and HANNES Juneg — DESY Hamburg

A measurement of multi-differential cross-sections for QCD di-jet
events production in pp collisions at a centre-of-mass energy of 13
TeV will be presented. The analysed data set was recorded with the
CMS detector during 2016, corresponding to an integrated luminosity
of about 36 fb-1. The multiplicity is measured triple-differentially as a
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Beyond the Standard Model Higgs bosons in the reach of the
LHC — eTuoMAs BIEKOETTER!, ALEXANDER GROHSJEAN!, SVEN
HEINEMEYER?, VicTorR LozaNo!, CHRISTIAN SCHWANENBERGER!,
and GeEorG WEIGLEIN! — !DESY, Hamburg, Germany — 2IFT,

Madrid, Spain

Many extensions of the Standard Model (SM) contain additional Higgs
bosons heavier than the Higgs boson at 125GeV. However, there is also
the possibility of beyond the SM (BSM) Higgs bosons with masses be-
low 125 GeV. In both cases there is room left for a discovery during
the upcoming (HL)-LHC runs. Moreover, it is an interesting question
whether there are hints for such BSM Higgs bosons already in the
currently existing data. We interpret different collider excesses below
the TeV scale in terms of scalar and pseudoscalar resonances in the
N2HDM and the the NMSSM. We demonstrate for both models which
of the excesses can be realized simultaneously, while still accommo-
dating a SM-like Higgs boson at 125GeV and being in agreement with
the other relevant theoretical and experimental constraints. We finally
discuss how the scenarios can be probed in the near future.

T 26.10 Tue 18:15 Ta

Theoretical constraints on multi-Higgs scalar potentials: the

cecawe dfgtlse 331 model — eMAaRrcHERITA GHEzZI — Institut fir

Theoretische Physik, Eberhard Karls Universitét Tiibingen, Tiibingen,
Deutschland

Extensions of the Standard Model presenting a multi-Higgs poten-
tial are subject to a set of theoretical constraints in order to be
physically viable. This talk reviews these constraints for the case
of a general extension of the Standard Model that encompasses a
SU(3)exSU(3), xU(1) x gauge symmetry. In this respect, the bound-
edness from below is analysed to identify the correct criteria for obtain-
ing the physical minima of the Higgs parameter space. Furthermore,
perturbativity and unitarity bounds are discussed in light of the ex-
act diagonalisation of the scalar fields. Altogether, these constraints
provide a restriction of the parameter space to be taken into account
prior to any further experimental study.

: QCD |

Location: Tb

function of the A¢1 2 separation between leading and subleading jets
and pp of the leading jet. The transverse momenta of the leading four
jets are also measured.

This talk will give an overview of the analysis starting with the event
selection and the applied corrections to data and MC and finally the
cross-section unfolding procedure. The data measured will be com-
pared to MC predictions.

T 27.3 Tue 16:30 Tb
Low mass Drell-Yan measurement in p-p collision at /s =
13 TeV using the ATLAS detector at the LHC — e ALESSANDRO
Guipa — DESY, Hamburg

High energy physics experiments are performed at the Large Hadron
Collider at CERN colliding bunches of protons at energies up to 13 TeV.
The ATLAS experiment, with its multipurpose detector, studies the
products of these collisions and compares the experimental measure-
ments with the predictions of the Standard Model. This talk presents
the study of the process Z/4* — pp at low invariant mass of the
di-muon pair, in the region between 7 GeV and 60 GeV, below the
the Z boson resonance mass peak (mz = 91.2GeV). The single
and double differential cross sections do/dmy,,., d?c/dm, dly,,,| and

d20/dmﬂu dpfw/v* of the process are measured in 13 TeV proton-proton
collisions at the LHC, using the ATLAS detector. The measurement
explores an extreme region of the phase space and is sensitive to re-
summation results in the theoretical prediction (a calculation that, in
some particular kinematics conditions, is valid at each perturbative
order). The analysis exploits the good resolution of the ATLAS de-
tector in reconstructing low momentum muons. The main difficulties
come instead from the high background component that enters in the
event selection, the triggering of events and the modelling of some key
physical quantities.

The main features of the analysis, the studies done to overcome the
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main challenges, as well as the first results and comparison to theory
predictions are presented in the talk.

T 27.4 Tue 16:45 Tb
Search for contact interactions with inclusive jet production
at the LHC at 13 TeV — eToN1 MAKELA and KATERINA LiPkA —
Notkestrafie 85, 22607 Hamburg, Germany

In this work, inclusive jet production cross sections and triple-
differential cross sections of top quark-antiquark pair production at the
LHC at a center of mass energy of 13 TeV are used together with data
of inclusive deep inelastic scattering to extract the parton distributions
of the proton and the strong coupling constant. In an additional anal-
ysis of the same data, the standard model cross section is extended
with effective couplings for 4-quark contact interactions. In particular,
left-handed vector-like or axial-vector like colour-singlet exchanges are
considered. These would correspond to beyond-the-standard model
scenarios with quark substructure, Z’ or extra dimensions. For the
first time, the Wilson coefficients of contact interactions are extracted
simultaneously with the standard model parameters using the LHC
data.

T 27.5 Tue 17:00 Tb
Impact of differential dijet data on PDF and strong coupling
fits at NNLO — eJakoB STARK and KrLaus RaBBERTZ — Karlsruhe
Institute of Technology

Influence of triple differential dijet cross sections at /s = 8 TeV on
fitted PDFs is studied. Inclusion of jet data into PDF fits mainly has
impact on the gluon PDF. Compared to previous PDF fits of the CMS
collaboration with dijet data included, this is done for the first time
with NNLO theory calculations, that only became available in the last
few years. By comparing PDF fits at NLO to NNLO one finds, that
at NNLO the scale dependency and scale uncertainties of the resulting
PDFs decrease significantly, which matches the expected behavior.

In addition, simultaneous fits of the PDFs and the strong coupling
constant are presented. Here the results exhibit significantly smaller
scale uncertainties at NNLO. The central fit results for a (M) are, as
expected, somewhat smaller at NNLO than at NLO.

At last, a double differential dijet cross section measurement at
/s = TTeV is included into the PDF fits as well. While at NLO

both dijet measurements lead to slightly different results, at NNLO
these differences decrease drastically, such that a combined fit can be
performed including both dijet datasets in a consistent way.

T 27.6 Tue 17:15 Tb
Jet Mass Calibration — eSTEFFEN ALBRECHT, ANDREAS HiINz-
MANN, DENNIS ScHWARZ, and RoMaN KoGLER — Universitdt Ham-
burg

In this talk, a technique for calibrating the mass of (fat) jets will be
presented. In the analysis of hadronic final states, the resolution and
the scale of the jet mass can be an important source for the system-
atic uncertainties. Therefore an improvement of its measurement will
benefit many of these analyses.

Using scales of jet constituents of different categories (e.g. charged
hadronic, neutral hadronic) as nuisance parameters in a template fit
of the jet mass in several regions to data, one can learn about their
influence on the jet mass shape and normalisation. The presented
analysis takes processes with Wjets as well as hadronic ¢t systems in
the final states into account. In addition, only events are considered in
which the bosons have a large transverse momentum and thus produce
strongly collimated decay products which are reconstructed as single
fat jets.

T 277 Tue 17:30 Tb
Pileup mitigation in CMS — eKsenia DE Leo, ANNA BEe-
NECKE, JOHANNES HALLER, ANDREAS HinzmANN, RomMAN KOGLER,
and MATTHIAS SCHRODER — Institut fiir Experimentalphysik, Univer-
sitdit Hamburg

The high instantaneous luminosity reached by the LHC during Run-2
leads to an increased number of additional collisions in each bunch
crossing (pileup). An important experimental challenge is the sepa-
ration of particles produced in the interaction of interest from those
resulting from pileup interactions.

This talk will present studies of the Pile Up Per Particle Identifica-
tion (PUPPI) technique to mitigate effects from pileup on the object
reconstruction in the CMS detector. The algorithm will be described
together with challenges in its application. In addition, the optimisa-
tion of the algorithm for the final reconstruction of Run-2 data will be
presented in detail.

T 28: Top quark production Il

Time: Tuesday 16:00-18:30

T 28.1 Tue 16:00 Tc
Measurements of differential cross sections for tf production
at /s = 13 TeV with the CMS experiment — MARIA AL-
DAYA, OLAF BEHNKE, eHENRIETTE PETERSEN, MYKOLA SAVITSKYI,
RAFAEL Sosa, and SEBASTIAN WUCHTERL — Deutsches Elektronen
Synchrotron (DESY)

Precision tests of the Standard Model are of utmost importance in par-
ticle physics, not only in order to test existing theories but also to probe
the realm of new physics. The top quark is of particular interest in this
context, as its heavy mass can link it to production- and decay-modes
of new processes at higher energy scales. In this talk measurements
of differential cross sections for ¢ production at /s = 13 TeV will be
presented. The analysis is based on data obtained with the CMS exper-
iment during 2016, 2017 and 2018 in Run 2 of the LHC, corresponding
to an integrated luminosity of 137 fb~'. In this period of time more
than 100 million pp collisions with a tf pair in the final state have
occurred, and therefore, Run 2 facilitates unprecedented precision in
measurements of kinematic spectra and topologies in these events. The
analysis is performed using the dileptonic decay channel. We perform
differential measurements of the t¢ production cross section in bins of
kinematic properties of the visible decay products, tf system and top
quark. In this talk the general analysis strategy will be presented. This
includes an overview of the event selection, kinematic reconstruction
of the tt system, cross section unfolding procedure and results for full
Run 2 differential cross sections compared to MC predictions based on
NLO QCD models matched to parton showers.

T 28.2 Tue 16:15 Tc
Measurement and EFT interpretation of the tf cross section
in the boosted lepton-+jets channel with the ATLAS detector
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at /s = 13 TeV — Jouannes ErRDMANN, KEVIN KRONINGER, and
eKEVIN SEDLACZEK — TU Dortmund University, Dortmund, Germany

Physics beyond the Standard Model (SM) can, in absence of reso-
nances, be investigated in a model-independent way by using effective
field theory (EFT) approaches. Without assumption of the underlying
theory, effects of potential new particles at a low energy scale can be
quantified by higher dimension expansions of the SM Lagrangian at a
much higher energy scale.

At the LHC, physics in the top sector is entering a phase of precision
measurements combined with very accurate predictions. Meanwhile,
many theories beyond the SM predict deviations in the top couplings
or new interactions coupling to the top quark. These aspects com-
bined 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, studies on a differential ¢f cross-section measurement are
shown. The analysis is performed in the boosted lepton + jets channel
on the full Run 2 dataset taken with the ATLAS detector at /s = 13
TeV. The EFT framework is used to derive bounds on the contributions
of new physics via two EFT operators. The choice of variables for the
unfolded differential distributions on basis of their sensitivity to the
EFT operators as well as first simulation-based studies are presented.

T 28.3 Tue 16:30 Tc
Measurement of the tf production cross-section in the lep-
ton+jets channel at /s = 13 TeV with the ATLAS experiment
— eBama Acukar!, Tomas Dapol2, Jacoro Macro3, KevIN
Moor!, CLara NeLLIsT!%, MARCEL NIEMEYER!, ARNULF QUADT!,
LeoNID SERKIN®, and ELizAvETA SHABALINA' — !I. Physikalisches
Institut, Georg-August-Universitit Gottingen — 2now at: Technische-
Universitdt Dortmund — 3Universitad di Udine/INFN — “now at:
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Radboud University Nijmegen/Nikhef — SICTP Trieste/INFN

Studies of top-quark production and decays provide a precise probe
of the Standard Model (SM) as well as its extensions. At the CERN
Large Hadron Collider, top quarks are primarily produced in quark—
antiquark pairs (tf) and form an important background in many
searches for physics beyond the SM. This talk reports ATLAS measure-
ments of the tt cross-sections in the full phase space (inclusive) and in
a phase space close to the experimental measurement range (fiducial)
at /s = 13 TeV, using the full pp data set collected during 2015—
2018 which corresponds to an integrated luminosity of £ = 139 fb—1.
Events with exactly one charged lepton and four or more jets in the
final state, with at least one jet containing b-hadrons are used to mea-
sure the tt cross-section through a profile-likelihood fit to data of the
distributions of discriminating variables in three non-overlapping re-
gions. The tt fiducial cross-section is measured with a precision of 4.3%
to be: ogq = 110.7 £ 4.8 pb. The inclusive cross-section is measured
with a precision of 4.6% to be: oinc = 830+ 38 pb. Results agree with
the theoretical calculations at NNLO in QCD.

T 28.4 Tue 16:45 Tc
Systematic-aware top-quark pair reconstruction with deep
learning — Tomas Dapo, JoHANNES ERDMANN, eLARs KoLK, and
OLAF NACKENHORST — TU Dortmund University

The top quark plays a unique role in the Standard Model of particle
physics as it is the most massive of all known elementary particles. Due
to its large Yukawa coupling, a precise measurement of its properties
is crucial in order to search for hints for physics beyond the Standard
Model. Since the average lifetime of a top quark is smaller than the
hadronisation timescale, it decays before it can form a bound state.

In the Standard Model, the top quark almost exclusively decays into
a bottom quark and a W-boson. The W-boson can then either decay
into a charged lepton and its respective neutrino or into an up- and a
down-type quark. In this work, ¢ production with one charged lepton
in the final state is studied, which results in four jets, two of which
are b-jets, at leading order. In order to calculate the four momenta of
the top quarks, the detected jets must be assigned to the final state
particles of the hard scattering process, using the kinematic properties
of the decay products. This process is called tt reconstruction.

Deep Neural Network (DNN) have shown to outperform commonly
used algorithms in ¢f reconstruction with one charged lepton in the
final state (J. Erdmann et al 2019 JINST14 P11015). In this work, the
DNN approach is modified in order to minimise the impact of mod-
elling uncertainties, which many top quark analyses suffer from. Initial
studies of the top quark reconstruction using DNNs using Monte Carlo
simulated samples are presented.

T 28.5 Tue 17:00 Tc
Jet activity measurement in top pair productions in dilepton
channel with the ATLAS experiment — eMATTHIEU ROBIN —
DESY, Zeuthen

The subject of this talk is the tf + jets measurement with the ATLAS
detector.

This measurement allows to challenge the understanding of physics
phenomena described by a robust theory (QCD), thus providing the
necessary feedback to theorists to fine-tune the approximations and
parameters used to perform the simulations of these phenomena and
continue to further improve the precision one can reach. Achieving
precision is indeed important for other analyses regarding the under-
standing and rejection of their QCD background (e.g.: ttH(H — bb)).

This study uses the full LHC run II dataset of 139fb~! to improve
the results in statistically limited regions as well as method to better
estimate and /or reject our signal backgrounds such as fake lepton back-
ground and pile-up jets. In this talk updated data/MC comparisons
will be shown using updated b-tagging and jet reconstruction algo-
rithms with some unfolded results and an emphasis on PU study that
I performed with the help of the ¢f + jets analysis team of ATLAS.

T 28.6 Tue 17:15 Tc
Measurement of the dileptonic tt differential cross section in
a BSM phase space at CMS — Lurz FELD, eDANILO MEUSER,
JOHANNES ScHuLz, and MARIUS TEROERDE — I. Physikalisches Insi-
tut B, RWTH Aachen University
Measurements of the tt production cross section yield important pre-
cision tests of the Standard Model (SM), while also probing scenarios
for physics beyond the SM (BSM). Although the dileptonic channel
has the lowest branching ratio of all tt decay channels, its sensitivity
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is large due to small contributions from other SM processes.

This analysis aims to measure the tt cross section in a phase space
where additional 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 inte-
grated luminosity of 137.2 fb~1. The BSM scenarios considered in-
clude supersymmetric and dark matter models, where, similarly to the
dileptonic tt channel, two leptons, b jets and undetected particles are
produced. Unlike previous measurements, where the differential cross
sections were mainly measured as a function of kinematic variables
of the leptons or top quarks, this analysis focuses on observables re-
lated 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 tt events.

T 28.7 Tue 17:30 Tc
Constraining Effective Field Theory with tty events using AT-
LAS data at /s = 13 TeV — eBinisu Baroor, CARMEN DiIEz
Parpos, and Ivor FLEck — Center for Particle Physics Siegen, Ex-
perimentelle Teilchenphysik, Universitét Siegen

The study of the production cross section of top anti-top quark pairs
in association with a photon (tty) probes the electroweak coupling of
top quark and photon. The ATLAS detector at the Large Hadron
Collider (LHC) has recorded data at the centre-of-mass energy of /s
= 13 TeV in Run 2, corresponding to an integrated luminosity of 139
fb—1, which provides an opportunity to search for possible deviations
from the Standard Model. These deviations can be interpreted in the
context of model independent approaches, such as Effective Field The-
ories. The production cross section of tty is expected to be sensitive
to three dimension-six operators, namely O¢g, Otp and O¢w. In this
talk, the sensitivity of the total and differential tty cross sections to
those three operators is investigated and expected limits for the full
Run 2 data from ATLAS at /s = 13 TeV are provided.

T 28.8 Tue 17:45 Tc
Determination of Background from Misreconstructed Elec-
trons in tty topologies with the ATLAS detector — Ivor
FLECK, e BUDDHADEB MONDAL, and CARMEN Diez Parpos — Center
for Particle Physics Siegen, Experimentelle Teilchenphysik, Universitét
Siegen
An effort is ongoing on measuring inclusive and differential cross-
sections of the tty production in pp collision at /s = 13 TeV with
139 fb~! data collected by the ATLAS detector at CERN. One of
the background sources comes from the misidentification of electrons
as photons (e — v fake). This happens mainly due to tracking inef-
ficiency or failure to find a match between inner detector track and
electromagnetic cluster. The e — v fakes are not well described by
Monte Carlo simulations. In this talk, a method to estimate the e —
fake based on data using a "tag and probe" approach with Z — ete™
events will be presented.

T 28.9 Tue 18:00 Tc
Measurement of tt + v production with full Run 2 data —
o ANDREAS KIRCHHOFF, ARNULF QUADT, ELIZAVETA SHABALINA, and
KnuTr ZocH — II. Physikalisches Institut, Georg-August-Universitét
Gottingen
The optimal way to measure the top-photon coupling and later in-
terpret it within an EFT-framework would be an ete™ collider with
sufficient energy. As such a collider does not exist, another possibility
to measure it is the production of ¢ pairs in association with a photon.
Unfortunately, most of such photons will come from the decay products
of the top quarks and hence have nothing to do with the top-photon
coupling. In contrast, photons produced in the production of the ¢t
pair mostly originate from the top quark (beside a small contribution
from ISR). The separation of photons originating from production and
decay is tried for the first time in this ATLAS analysis. In this talk,
the status of the currently ongoing full Run 2 analysis of the ¢t + ~
process will be presented with some first studies that use deep neural
networks to enhance the sensitivity to the top-photon coupling.

T 28.10 Tue 18:15 Tc
Measurement of multi-differential cross sections for the pro-
duction of top quark pairs plus additional jets in pp collisions
at sqrt(s)=13TeV. — eRaraEL EDUARDO SosAa Ricarpo, MARIA
ALpAvA, OLAF BEHNKE, HENRIETTE PETERSEN, MYKOLA SAVITSKYI,
and SEBASTIAN WUCHTERL — DESY
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Measurements of multi-differential cross sections for top quark pair (tt)
production in pp collisions at a center-of-mass energy of 13 TeV us-
ing events containing two opposite-sign leptons will be presented. The
analyzed dataset was recorded with the CMS detector in during the
years 2016, 2017 and 2018, corresponding to an integrated luminosity
of 137fb=1. The tf cross sections are measured double and triple-
differentially as a function of the tf system kinematics, the top quark,

and of additional jets in the event.

This talk comprises an overview of the analysis starting with the
event selection, kinematic reconstruction of the ¢t system, and the
cross section unfolding procedure. First cross section results will be
compared to MC predictions based on NLO QCD matched to parton
showers.

T 29: Top quark decay and top properties |

Time: Tuesday 16:00-18:05

Group Report T 29.1 Tue 16:00 Td
Top quark mass measurements at the University of Hamburg
with CMS — CHRisTOPH GARBERS, JOHANNES HALLER, RoMAN
KoGLER, JOHANNES LANGE, ALEXANDER PAAscH, PETER SCHLEPER,
eDENNIS ScHWARZ, and HARTMUT STADIE — Universitdt Hamburg,
Luruper Chaussee 149, 22761 Hamburg

Being the heaviest particle that we know of, the top quark is of special
interest in the Standard Model of particle physics. Its mass plays a
crucial role in quantum loop corrections to the Higgs boson mass, and
precise measurements of this fundamental parameter provide impor-
tant tests of the theory. Ambiguities in the top quark mass scheme
arise from the use of non-perturbative parton shower models in direct
measurements that could be resolved by new analysis strategies.

In this talk, efforts of the CMS group of the University of Ham-
burg in the area of top quark mass measurements are presented, which
include the most precise single direct measurement to date and an al-
ternative approach using the jet mass of boosted hadronic top quark
decays.

T 29.2 Tue 16:20 Td
Measurement of the top quark pole mass using tt+1 jet events
with the CMS experiment — MATTEO DEFRANCHIS, KATERINA
Lirka, and eSEBASTIAN WUCHTERL — DESY, Hamburg

The top quark is the most massive elementary particle known. Its
mass, m¢, is a fundamental parameter of the Standard Model (SM),
and its value needs to be determined experimentally. Therefore, a
precision measurement of m;, together with the masses of the W and
Higgs bosons, allows for stringent tests of self-consistency of the SM.
Furthermore, the value and the uncertainty of m: are driving predic-
tions for the energy dependence of the Higgs quartic coupling, which
determines the stability of the electroweak vacuum. In proton-proton
collisions at the LHC, top quark-antiquark (¢£) pair production can be
used to extract m; in different renormalization schemes.

In this work, the pole mass of the top quark is measured using events
in which the tt pair is produced in association with one additional jet.
This analysis is performed using proton-proton collision data collected
by the CMS experiment at the LHC in 2016-2018 with /s = 13 TeV,
corresponding to a total integrated luminosity of 137 fb~1. Events
with two opposite sign leptons in the final state are analyzed to mea-
sure the normalized differential cross section as a function of the inverse
of the invariant mass of the t£+ 1 jet system. This observable has been
chosen due to strongest sensitivity to m+ at the threshold of the tf pair
production.

T 29.3 Tue 16:35 Td
Measurement of the jet mass in decays of boosted top
quarks using the full Run-2 dataset of the CMS detector
— e ALEXANDER PaascH, JoHANNES HALLER, RomaN KOGLER, and
DENNIS ScHwWARZ — Institut fiir Experimentalphysik, Universitat
Hamburg

Hadronic decays of boosted top quarks result in single large-radius jets.
The mass of the jets is sensitive to the top quark mass. At the LHC, it
is commonly used as a discriminator against jets originating from light
quarks and gluons. For this reason, a measurement of the jet mass of
boosted top quark decays is of special interest for both, studies of the
Standard Model and searches for new physics.

In this talk, a measurement of the jet mass is presented using the full
Run-2 dataset of the CMS experiment corresponding to a significantly
larger statistics than an earlier result. In addition, the two dominant
systematic uncertainties, namely the uncertainties related to final state
radiation and the jet energy scale, are significantly reduced by mea-
surements in dedicated control regions.
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T 29.4 Tue 16:50 Td
A nuisance parameter fit for the top quark mass measure-
ment — eCHRISTOPH (GARBERS, PETER SCHLEPER, and HARTMUT
STADIE — Universitdt Hamburg, Hamburg, Germany

The top quark is the heaviest known particle in the standard model.
It plays a crucial role in consistency checks of the Standard Model and
in search for new physics.

In the tt to lepton+jets channel a top quark mass of 172.25+0.63 GeV
was measured. With the 35.9fb—! data recorded by CMS in 2016 this
measurement was limited by systematic uncertainties, especially the
correction of jet energies and the description of color reconnection in
simulation.

A method to improve this measurement by inserting systematic un-
certainties as nuisance parameters into a profiled likelihood fit with
multiple additional observables will be presented.

T 29.5 Tue 17:05 Td
Measurement of the top quark mass in single top quark en-
riched events — eSOUREEK MITRA!, THoMas MULLER!, TARIQ
Az1z2, SasHl Ducap?, RavINDRBABU KarRNAM2, MINTU KuMARZ,
and GacaN MouaNTy? — !nstitut fiir Experimentelle Teilchenphysik
(ETP), Karlsruher Institut fiir Technologie (KIT), Karlsruhe, Ger-
many — 2Tata Institute of Fundamental Research (TIFR), Mumbai,
India

The mass of the top quark (m¢) is one of the important parameters of
the standard model (SM) of particle physics. It has the largest con-
tribution to the radiative correction of the Higgs boson self-coupling
among the SM particles; thus it is directly related to the stability of
the electroweak vacuum. A measurement of m; is presented in a sam-
ple enriched with single top quark events produced in the t channel,
using 35.9 fb~! of proton-proton collision data recorded at /s = 13
TeV by the CMS experiment in 2016. Candidate events are selected by
requiring an isolated charged lepton (muon or electron), exactly two
jets, and large missing transverse momentum. One of the jets is iden-
tified to originate from a bottom quark, whereas the other stems from
the hadronization of a light-flavour quark. A multivariate discrimi-
nant is designed to separate signal from backgrounds and the selection
criterion on the discriminant output is optimized to ensure an event
sample with high signal purity. The masses of top quark and antiquark
are measured separately based on the charge of the lepton in the final
state, and their ratio and difference are determined as a test of the
CPT invariance.

T 29.6 Tue 17:20 Td
Measurement of top quark charge asymmetry in t¢y produc-
tion in the ATLAS experiment — Ivor FLEck, CARMEN DIEz
Parpos, and eAMARTYA REJ — Center for Particle Physics Siegen,
Experimentelle Teilchenphysik, Universitat Siegen

The top quarks and anti-top quarks produced via initial quarks at
the LHC are emitted in slightly different directions depending on their
charge, referred to as charge asymmetry (A.). The asymmetry is due to
QCD interference contributions at next-to-leading order accuracy and
it is sensitive to New Physics models. Such asymmetry was observed
at the Tevatron experiment, where quark anti-quark (¢g) annihilation
was the dominant mode of ¢t production. The asymmetry is diluted
at the LHC owing to the very large fraction of gluon fusion initiated
tt production. However, recently its evidence has been found by the
ATLAS experiment.

In ¢t production associated with a photon (tty), the fraction of
top quark pairs produced via ¢g annihilation increases compared to
tt production and also leading order QED interference contributes to
the charge asymmetry. Hence a larger value of charge asymmetry is
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expected to be found in this process with higher sensitivity to New
Physics models. Still, this process has a tiny cross-section compared
to tt production, one of the dominant background processes. Thus the
background discrimination becomes challenging. In this presentation,
the ongoing effort for the charge asymmetry measurement in tty pro-
duction in the ATLAS experiment will be presented highlighting the
analysis methods and related challenges.

T 29.7 Tue 17:35 'Td
Top-antitop energy asymmetry in jet-associated top-quark
pair production at ATLAS — eALEXANDER Basanl, Asma
Haper!, Lucia MaserTi!, ErTvycHiA Tzovaral, and SUSANNE

WEesTHOFF2 — Universitdt Mainz — 2Universitit Heidelberg

The top quark is particularly well suited to probe the standard model
(SM) and many extensions thereof at the electroweak symmetry-
breaking scale and beyond.

At hadron colliders, the tf production is symmetric at leading order
perturbation theory under the exchange of the top- and anti-top-quark,
while interferences at higher orders create an asymmetry. This charge
asymmetry can provide sensitive probes for many models beyond the
standard model like massive color-octet states, extra dimensions, flavor
violating gauge bosons and axigluons. Within the framework of effec-
tive field theories (EFT), the charge asymmetry is especially sensitive
to four-quark operators and one operator that modifies the top-gluon
interaction.

In inclusive jet-associated top-quark pair production the asymmetry
arises already at leading order in quark-gluon interactions. Further-
more, the t£j final state allows the definition of a new observable, the

energy asymmetry, expressed in terms of the distribution of the energy
difference Ey — Ey.

This talk presents the measurement strategy in lepton+jets events
with a high pr hadronically decaying top quark at ATLAS with a cen-
ter of mass energy of /s = 13 TeV as well as expected sensitivities to
the Wilson coefficients.

T 29.8 Tue 17:50 Td
Measurement of helicity fractions of W bosons decaying from
top quarks in dileptonic tt events at /s = 13 TeV with the
ATLAS detector. — Tomas Dapol2, THoMas PEIFFER!, eIsHAN
PokHAREL!, ARNULF QuaDT!, ELIZAVETA SHABALINAL, and KNuT
Zocu! — 11I. Physikalisches Institut, Georg-August-Universitit Got-
tingen — 2now at: Technische Universitét Dortmund

Due to the large difference between the top and b-quark masses, the
W boson in the Wtb vertex is heavily polarised. A measurement of
three helicity fractions of W bosons from top-quark decays is presented.
They are extracted from the differential distribution of the observable
cosf*, defined as the angle between the charged lepton and the top
quark in the W boson rest frame. The reconstructed cosf*, distribu-
tion in the dilepton channel of tf events is unfolded to parton level.
Event reconstruction is performed using the neutrino weighting algo-
rithm, owing to the fact that two neutrinos need to be reconstructed
from one measurement of missing transverse energy. The helicity frac-
tions are extracted from the fit of the unfolded cosf* differential dis-
tribution to an analytical function that relates the observable to the
helicity fractions of the W boson. The fractions are constrained to
unity in the fit via Lagrange multiplier.

T 30: Higgs decay in fermions Il

Time: Tuesday 16:00-18:15

T 30.1 Tue 16:00 Te
Reconstruction of b- and c- jets at ete~ Higgs Factories with
ParticleFlow detectors — eYasser RapkHoRRAMIM'? and JENNY
List! — 'DESY, Hamburg — 2University of Hamburg, Hamburg

The Higgs boson decay modes to heavy b and ¢ quarks are crucial
for the Higgs physics studies. The presence of semileptonic decays in
the jets originating from b and ¢ quarks causes missing energy due
to the undetectable neutrinos. A correction for the missing neutrino
momenta can be derived from the decay kinematics up to a two-fold
ambiguity. The correct solution can be identified by a kinematic fit,
which exploits the well-known initial state at an e~et collider by ad-
justing the measured quantities within their uncertainties to fulfill the
kinematic constraints. The ParticleFlow concept, based on the re-
construction of individual particles in a jet allows understanding the
individual jet-level uncertainties at an unprecedented level. The mod-
eling of the jet uncertainties and the resulting fit performance will be
discussed for the example of the ILD detector. Applied to H — bb/cc
events, the combination of the neutrino correction with the kinematic
fit improves the Higgs mass reconstruction significantly, both in terms
of resolution and peak position.

T 30.2 Tue 16:15 Te
Search for standard model Higgs boson decaying into a
charm quark-antiquark pair with the CMS experiment —
eLLucA MASTROLORENZO, ALEXANDER SCHMIDT, ANDREY PozD-
NYAKOV, XAVIER COUBEZ, ANDRZEJ NOVAK, SPANDAN MoNDAL, and
ALENA Doponova — RWTH, Aachen, Germany

In this talk, the search for a standard model Higgs boson decaying into
a charm quark-antiquark pair with the data collected by the CMS ex-
periment during the 2016 data-taking period is presented. The search
targets Higgs boson production in association with a vector boson
(Z,W). To maximally enhance the analysis sensitivity and fully exploit
the topology of the Higgs boson decay, two strategies are followed. In
the first one, targeting lower vector boson transverse momentum, the
Higgs boson candidate is reconstructed via two resolved jets arising
from the two charm quarks from the Higgs boson decay. A second
strategy identifies the case where the two charm quark jets from the
Higgs boson decay merge to form a single jet, which generally only
occurs when the vector boson has higher transverse momentum. One
of the crucial aspects of the analysis is represented by the capability
to correctly identify jets originating from charm quarks. To reach this
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goal, charm-taggers based on advanced machine learning algorithms
have been deployed. The result achieved in this analysis represents
the most stringent limit on the Higgs decay to charm quark-antiquark
pair production cross-section to-date.

T 30.3 Tue 16:30 Te
Search for decays of boosted Higgs bosons to pairs of charm
quarks with the CMS Experiment — e ANDRzEJ Novak, Luca
MASTROLORENZO, XAVIER COUBEZ, SPADAN MoONDAL, and ANDREY
Pozpnyakov — RWTH Aachen

The 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 unconfirmed. This 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. The analysis is modeled on a pre-
vious analysis of decays to pairs of bottom quarks and is enabled by
recent developments in deep learning based tools for jet identification
in such topologies. Probing this channel is not only important for com-
pleteness, but it could also be sensitive to potential beyond Standard
Model corrections.

T 30.4 Tue 16:45 Te
Full Run2 analysis of Higgs boson decay to b-quarks in CMS
— ®HESSAMODDIN KAVEH — DESY, Hamburg, Germany

After the discovery of the 125 GeV Higgs boson in July 2012, the data
collected at the LHC in 2016 and 2017 facilitated the discovery of
the Higgs boson also in its decays into b-quarks. By now, the focus
has shifted to measuring this decay channel at further improved pre-
cision. A measurement of the properties of the Higgs boson produced
in association with vector bosons and decaying into a pair of b-quarks
(VH(bb)) is presented. The full data of pp collisions recorded by the
CMS experiment during Run 2 is reported. The focus of the talk is
on the mass cross-check analysis in comparison to the DNN-based ap-
proach, statistical and systematic power of the analysis, improving the
analysis methods such as kinematical reconstruction and optimization.

T 30.5 Tue 17:00 Te
H — bb Tagger Calibration in Z — bb+jet events — eSHUBHAM
BansaL, JocHEN DINGFELDER, and TATJANA LENZ — Physikalisches
Institut, Universitdt Bonn
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Within the ATLAS collaboration, the most recent algorithm to sepa-
rate boosted H — bb decays from dominant backgrounds like multijets
and jets originating from hadronically decaying top-quarks, employs an
algorithm based on a feed-forward neural network. In boosted H — bb
decays, the b-quark fragmentation products are reconstructed using
a large-R (R = 1.0) jet containing variable-radius subjets. The neu-
ral network algorithm combines flavor discriminants from up to three
subjets inside the large-R jet and discriminates boosted Higgs from
the dominant backgrounds. Since these algorithms are optimized and
evaluated in simulation only, they need to be calibrated in data in an
environment with b-jets that are close to each other. This talk presents
the developments of the H — bb tagger calibration in Z — bb-+jet
events with the ATLAS experiment.

T 30.6 Tue 17:15 Te
Search for heavy neutral Higgs bosons decaying into a pair
of b quarks — ePauL Asmuss — DESY Hamburg

With the discovery of the Higgs boson in 2012, a milestone in par-
ticle physics was reached. The precision measurements that followed
indicate that the found particle agrees with the Standard Model predic-
tions. Nevertheless, there is still room for theories beyond the Standard
Model including an extended Higgs sector. Examples for such theories
are Supersymmetry or general Two Higgs Doublet models. Not only
feature these models additional Higgs bosons but they also allow for
a significantly enhanced coupling of the Higgs boson to b quarks.This
analysis targets heavy neutral Higgs bosons decaying into two b quarks
and produced in association with one or two additional b quarks. The
final state is thus fully hadronic. A mass range from 300 GeV to 1.6
TeV is investigated based on data collected in 2017 with the CMS de-
tector at the LHC at a center-of-mass energy of 13 TeV. First results
are shown.

T 30.7 Tue 17:30 Te
Search for Higgs-boson pair production in the be—i—E%‘iss final
state with the ATLAS detector — eBENJAMIN ROTTLER, BENOIT
Roranp, and MarRkuUs ScHUMACHER — Albert-Ludwigs-Universitét
Freiburg

The determination of the triple Higgs-boson self-coupling A is one of
the key goals of the physics program at current and future colliders.
It will allow to reconstruct the Higgs potential. The 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. The data can also be analyzed to probe res-
onant Higgs-boson pair production in a search for new heavy particles.

The goal of this analysis is to measure the cross-section of the
non-resonant Higgs-boson pair production o g using the full Run-2
dataset collected by the ATLAS experiment, corresponding to an inte-
grated luminosity of ~140fb~1 at /s = 13 TeV. This is done by con-
sidering the be—l—E’%iss final state, which combines the high branching
ratio of the H — bb decay and the good efficiency of lepton triggers.
Our focus is on a combined search for the HH — bb(WW — 2£2v),

HH — bb(rT — 2¢4v) and HH — bb(ZZ — 2{2v) processes.

A multi-class deep neural network (NN) is used to separate signal
and background processes on top of a loose preselection. In this talk,
I will focus on modern technologies used to optimize the NN archi-
tecture, like Bayesian hyperparameter optimization and input feature
ranking algorithms, as well as on the statistical analysis which makes
use of the shape of the NN output distribution to extract o g .

T 30.8 Tue 17:45 Te
Search for pair production of Higgs bosons decaying to
bbrtT~ with the ATLAS detector — eCHRISTOPHER DEUTSCH,
JOoCHEN DINGFELDER, and TATJaNAa LENz — Physikalisches Institut,
Bonn, Germany

The discovery of the Higgs boson and the measurement of its prop-
erties confirming the Standard Model (SM) is a major step towards
the understanding of electroweak symmetry breaking. As a result, the
potential of the Higgs field, and therefore the trilinear self-coupling of
the Higgs boson, is precisely predicted in the SM. It can be probed
by measuring the cross section of Higgs boson pair production, offer-
ing an additional test of the SM. In the SM such measurements are
difficult due to the destructive interference of processes containing the
self-coupling and processes with Yukawa couplings to top quarks, lead-
ing to a small production cross section at the Large Hadron Collider
(LHC). An enhancement would indicate the presence of physics beyond
the Standard Model (BSM), since heavy resonances decaying into pairs
of Higgs bosons are predicted by several BSM models.

A search for non-resonant and resonant Higgs boson pair production
in the bbrt 7~ channel is presented. This channel is one of the most
sensitive for probing the Higgs self-coupling. The talk will focus on
the subchannel with two hadronically decaying tau leptons. New de-
velopments towards the analysis of the ~ 139 fb~! dataset collected by
the ATLAS experiment in Run 2 of the LHC are presented. These in-
clude improvements in object selection with new particle identification
algorithms and using multivariate methods for signal selection.

T 30.9 Tue 18:00 Te
Search for ZZ/ZH events in the 4b final state — eRomMaN
KUsTERS, TAaTJaNA LENZ, and JocHEN DINGFELDER — Rheinische
Friedrichs-Wilhelms-Universitdt Bonn

One of the primary physics goals at the LHC is to measure the Higgs
self-coupling and to determine the shape of the Higgs potential. The
Higgs self-coupling can be directly measured in the di-Higgs (HH) pro-
duction channel. Thus a search for the HH production is one of the
important goals at the LHC. The HH->4b decay mode has the high-
est branching ratio and is thus one of the main search channels. The
current sensitivity to HH is about 6.9 times the Standard Model cross
section. The idea is to use the ZZ and ZH channels with a higher pro-
duction cross section to validate the HH analysis. This talk presents
the search for ZZ and ZH production in the 4b final state at a center-of-
mass energy of 13 TeV collected with the ATLAS detector in 2015-2018
and how it can be used to validate the HH->4b analysis.

T 31: Flavour physics Il

Time: Tuesday 16:00-18:30

T 31.1 Tue 16:00 Tf
Search for lepton-flavour violating decays in the charm
system at the LHCb experiment — eDANIEL UNVERZAGT —
Physikalisches Institut Heidelberg, Heidelberg, Germany

Decays of hadrons that violate the conservation of the lepton flavour
number are forbidden within the standard model, but might be gen-
erated in many theories that go beyond. This talk summarises recent
results on lepton-flavour violating decays in the charm system at the
LHCb experiment. The focus will be on existing searches for two- and
three-body decay topologies of neutral and charged charm mesons.
Furthermore, plans and prospects to extend the program to four-body
decays in the near future are presented.

T 31.2 Tue 16:15 Tf
Extrapolation of flavour tagging calibrations to high trans-
verse momenta — ARNULF QUADT, ELIZAVETA SHABALINA, and
eSREELAKSHMI SINDHU — II. Physikalisches Institut, Georg-August-
Universitiat Gottingen
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Identifying jets containing heavy-flavour hadrons can be very benefi-
cial for a variety of analyses and this can be done using flavour tagging
algorithms. Currently, these algorithms are calibrated by matching
their performance on data to simulation. However, for jets with trans-
verse momenta greater than a few hundred GeV, these calibrations do
not exist due to statistical limitations. Flavour-tagging information
for jets with high transverse momenta can be quite useful for analyses
such as searches for heavy resonances. Hence, a Monte Carlo based
extrapolation is done on the data based flavour tagging calibrations to
extend these up to 3 TeV. The extrapolation uncertainties are calcu-
lated by propagating the relevant modelling, tracking and jet uncer-
tainties through the tagging algorithm. In this talk, the extrapolation
procedure will be explained. The results for extrapolation of b, ¢ and
light jets will be presented for the b-tagging algorithm that was used
for the analysis of the Run 2 data by the ATLAS Collaboration.

T 31.3 Tue 16:30 Tf
Extending the Full Event Interpretation to the Y (5S) system
at Belle — eMoriTz BAUER and PaBLo GoLDENZWEIG — Karlsruhe
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Institute of Technology, Karlsruhe, Germany

The Belle experiment has, in addition to the data collected at the
T (4S) resonance, also collected 121 fb~! of data at the T(5S) reso-
nance. The decay products of this resonance include Bs mesons which
present interesting channels to test the standard model. Until now, it
has not been possible to apply Belle II’s new B meson tagging algo-
rithm, the Full Event Interpretation (FEI), to the T(55) dataset. This
exclusive tagging algorithm uses O(10k) decay channels to recombine
final-state particles to B mesons.

This talk presents the development and validation of the FEI at the
T(55) resonance.

T 31.4 Tue 16:45 Tf
Test of isospin symmetry by measuring Y(45) — B°BO
— ePascaL Scumorz and THomMas KuHR — Ludwig-Maximilians-
Universitdt Miinchen

In contrast to hadron colliders, B-factories allow for the determina-
tion of absolute branching fractions. The Belle experiment as well
as its successor, Belle II, examine decays of the Y(4S) to pairs of ei-
ther neutral or charged B mesons. The calculation of the production
rate for B mesons is often based on the assumption of strong isospin
symmetry, i.e. charged and neutral pairs would be produced with the
same probability. Quark masses and electromagnetic interaction, how-
ever, are responsible for slightly breaking isospin symmetry. In most
of the previous measurements of foo = Br(Y(4S) — BYBY) isospin is
assumed. We present an analysis that bypasses this bias with a sophis-
ticated method, first applied by the BABAR collaboration for such a
measurement, that avoids any assumption on isospin.

T 31.5 Tue 17:00 Tf
Theory status of the lifetime ratio 7(Bs)/7(Bgq) — DANIEL
King!, ALEXANDER LENz2, MARIA LAURA Piscoro?, THOMAS
Raun3, and eALEksEY Rusov? — IPPP, University of Durham, UK

— 2Universitat Siegen, Germany — 3University of Bern, Switzerland

The precise determination of the lifetime ratios of heavy hadrons plays
a crucial role both for the accurate test of the Heavy Quark Expan-
sion in the Standard Model and for the search of New Physics which
may be hidden in the invisible decays of heavy hadrons. In this talk,
I plan to overview the current theoretical status of the lifetime ratio
7(Bs)/T(Bg) in the light of recent determination of important Darwin
operator contribution to non-leptonic decays of heavy hadrons and of
s-quark mass corrections to the corresponding dimension-6 Bag pa-
rameters obtained in the framework of HQET Sum Rules.

T 31.6 Tue 17:15 Tf
Measurement of the time-integrated mixing parameter xg
with dilepton tagging using semileptonic B decays at the Belle
IT experiment — FLORIAN BERNLOCHNER, JOCHEN DINGFELDER,
oSTEPHAN DUELL, and PETER LEwis for the Belle II-Collaboration
— Rheinische Friedrich-Wilhelms-Universitidt Bonn

We present the current status of an analysis of inclusive semileptonic
B decays with electrons in the final state and an early dataset of about
36.4fb~! of integrated luminosity, which was recorded by the Belle I1
experiment in 2019 and 2020. The analysis aims to measure the time-
integrated mixing parameter of the neutral B meson, x4, by exploiting
the charge-flavour correlation between the B meson and the electron
in inclusive semileptonic B — Xev, decays. A double tag strategy
is employed where two electron candidates are reconstructed and the
prompt semileptonic contribution is determined by a fit to the lepton
momentum spectrum. The resulting yields can be separated into same-
sign and opposite-sign events, which allows the direct determination
of x4. The current status of the analysis will be presented in this talk.

T 31.7 Tue 17:30 Tf
NNLO QCD corrections to Bs mixing — eMARVIN GERLACH,
ULricH NIERSTE, VLADYSLAV SHTABOVENKO, and MATTHIAS STEIN-
HAUSER — Institut fiir Theoretische Teilchenphysik, Karlsruhe Insti-
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tute of Technology (KIT), Wolfgang-Gaede Strafie 1, 76128 Karlsruhe,
Germany

Since late 1980s, when the mixing of neutral B-mesons was first ob-
served at DESY, B-B systems are an ever growing field of interest.
The experimental as well as the theoretical progress in the recent 20
years enables precise determination of key parameters, such as the
width difference AT's between Bs and Bs. The experimental uncer-
tainty of this quantity only amounts to a few percent. The precision
of the theoretical prediction, on the other hand, is currently limited
by perturbative uncertainties. In this talk we give a short overview
of the perturbative corrections to ATl'g, including QCD corrections to
contributions with effective current-current and penguin operators in
the framework of Heavy Quark Expansion (HQE).

T 31.8 Tue 17:45 Tf
CP Violation in Three-body B Decays: A Model Ansatz
— oKEVIN OLscHEWsSKY!, THoMmas MaNNEL!, and KErl Vos2 —
L Center for Particle Physics Siegen, Theoretische Physik 1, Universitét
Siegen — 2Faculty of Science and Engineering, Maastricht University

The mechanism of CP violation remains one of the puzzles in particle
physics. Key to understanding this phenomenon are nonleptonic B
decays, especially multibody decays which exhibit large CP asymme-
tries in various regions of phase space. A full QCD-based theoretical
description of these decays is still missing, requiring the use of models
to fit the data.

We suggest a model ansatz which reflects the underlying physics
and the known mechanism of CP violation via the CKM matrix. In
addition, since CP violation is driven by the interference between am-
plitudes with and without valence charm quarks, we argue that the
opening of the open-charm threshold may play an important role in
generating CP violation in the high invariant mass region. We present
a natural extension of the isobar model to incorporate these effects and
suggest using it to analyse nonleptonic three-body B decay data.

T 31.9 Tue 18:00 Tf
QCD Sum Rules for Parameters of the B-meson Distribution
Amplitudes — eMusLEM RaHIMI and MARCEL WALD — Theoretis-
che Physik 1, Naturwissenschaftlich-Technische Fakultédt, Universitét
Siegen, Germany

We obtain new estimates for the parameters )\QE, )\% and their ratio
R = /\QE//\%I, which appear in the second moments of the B-meson
light-cone distribution amplitudes defined in the heavy-quark effective
field theory.

The computation is based on two-point QCD sum rules for the
diagonal correlation function and includes all contributions up to
mass dimension seven in the operator-product expansion. For the
ratio we get R = (0.1 £ 0.1) with A (0.01 % 0.01) GeV? and
A2, = (0.11 £ 0.02) GeV?2.

T 31.10 Tue 18:15 Tf
QED effects and factorization in charmless B decays — MAR-
TIN BeENEKE!, PriLipp Borr!, eJAN-N1kLAs TorLSTEDE!, and KERT
Vos? — !Technical University of Munich — ?Maastricht University

In the heavy-quark limit, hadronic matrix elements of B-meson de-
cays into two light charmless final-state mesons factorize to all orders
in the strong coupling into universal hadronic quantities (form factors
and light-cone distribution amplitudes) as well as process-dependent
hard-scattering kernels. Within the framework of Soft-Collinear Ef-
fective Theory, we generalize the QCD factorization to include QED
corrections and show that it retains its QCD form. However, the pres-
ence of electrically charged final state mesons requires to introduce
modified hadronic functions that become process-dependent to a cer-
tain extent as soft photons do not decouple completely. It further leads
to interesting and qualitatively new features, in particular regarding
the renormalization group of these objects, that will be discu