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AKPIK 1:
Time: Wednesday 16:30-18:30

AKPIK 1.1 Wed 16:30 H-HS XII
Deep learning on stereoscopic CTA images — eRICHARD WIE-
MANN, MAXIMILIAN NOTHE, and Lukas NickeL — Lehrstuhl fiir Ex-
perimentelle Physik Vb, Fakultat Physik, Dortmund, Deutschland

With its two arrays of more than 100 Imaging Atmospheric Cherenkov
telescopes (IACTs) the Cherenkov Telescope Array (CTA) will be the
largest ground-based gamma-ray observatory. The rapid development
in the area of machine learning on image data motivates the attempt
of using deep learning computer vision methods for gamma-hadron
separation. This talk presents convolutional and recurrent deep neural
network approaches for mono and stereo IACT data analysis using the
open-source machine learning framework PyTorch.

AKPIK 1.2 Wed 16:45 H-HS XII
aict-tools — Event Reconstruction for Imaging Air Cherenkov
Telescopes — eMaxiMILIAN NOTHE and Lukas NickerL — Exp.
Physik 5, TU Dortmund, Otto-Hahn-Str. 4a, 44227 Dortmund

Imaging Air Cherenkov Telescopes (IACTs) cover the highest energy
ranges in the electromagnetic spectrum of astronomy. These telescopes
record the faint, nano-second scale flashes of Cherenkov radiation emit-
ted by extensive air showers.

All TACTs face the same three reconstruction tasks: for each event,
the primary particle’s energy, direction and particle type have to be es-
timated. The particle type classification is necessary, as most extensive
air showers are induced by charged cosmic rays.

Most commonly, IACTs record multiple time slices for each pixel in
the camera for each shower, which is subsequently reduced to a few
parameters describing each event.

The aict-tools use classical machine learning approaches as imple-
mented by scikit-learn to reconstruct the gamma-ray properties from
these image parameters.

The package provides executables to train, validate and apply mod-
els for all reconstruction tasks mentioned above. Major emphasis has
been laid on exact reproducibility of models and results. YAML is used
for configuration files and models can be stored in the pickle, PMML
and ONNX formats, allowing application of the models in other pro-
gramming languages than python.

AKPIK 1.3 Wed 17:00 H-HS XII
Real-time Data Analysis and Automation using Deep
Learning at Accelerator-based light sources — eMoHAMMED
BawaTNa, JAN DEINERT, and SERGEY KovaLEV — Institute of Radi-
ation Physics, HZDR, Dresden, Germany

Accelerator-based light sources are constantly advancing and offer in-
sights into the world of molecules, atoms, and particles on the ever
shorter length and timescales. This goes along with a rapid and
highly accurate transformation of analog quantities into discrete val-
ues for electronic storage and processing with exponentially increasing
amounts of data. The current lack of real-time data analysis impedes
the direct feedback and the possibility for fine*tuning in time-critical
beam*time experiments, and data collection, storage, data manage-
ment, and curation of the data become more and more challenging.
This contribution is focusing on real-time analysis methods using deep
learning and evaluation of large data volumes generated at the super-
radiant terahertz facility (TELBE) at Helmholtz Zentrum Dresden
Rossendorf (HZDR). Here, the pulse-resolved data acquisition at a
100 kHz repetition rate enables femtosecond timing accuracy and high
dynamic range but creates datasets at a rate of GB per minute, which
are challenging to handle. We will also introduce our online ultrafast
DAQ system that uses a GPU platform for real-time image processing,
and a custom high-performance FPGA board for interfacing the image
sensors and provide a continuous data transfer.

AKPIK 1.4 Wed 17:15 H-HS XII
Belle II pixeldetector cluster analyses using neural network
algorithms — STepPHANIE KaEs!, IrRiInaA HEINZ!, SOEREN LaNGE!,
and eKatHARINA Dort!:? for the Belle II-Collaboration — 11 Physics
Institute, Justus Liebig University Giessen, Germany — 2CERN,

Geneva, Switzerland

The Belle II DEPFET pixeldetector is operating since 2019, presently
with 4M pixels and trigger rates up to 5 kHz. The pixeldetector has
the unique ability to detect exotic highly ionizing particles such as an-

AKPIK |
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tideuterons or stable tetraquarks which due to their high energy loss do
not reach the outer sub-detectors, and thus generate no reconstructable
track. In order to identify these highly ionizing particles multivariate
analyses of pixeldetector clusters is performed. The multidimensional
input space consists of variables such as single-pixel signals, cluster
observables, or Zernicke moments. We present results for cluster clas-
sification using three different neural network algorithms: multilayer
perceptrons, Kohonen-type networks (often denoted as self-organizing
maps) and Hopfield-type networks (often denoted as associate memo-
ries). Data preprocessing by Principal Components analysis and possi-
ble implementation on an FPGA for online reconstruction are discussed
as well.

AKPIK 1.5 Wed 17:30 H-HS XII
Search for the supersymmetric tau lepton using Run2 data
of the CMS experiment — eLreoNID DIipDUKH, ISABELL MELZER-
PeLLMANN, and Dirk KRUCKER — Deutsches Elektronen Synchrotron
(DESY), Hamburg, Deutschland

Supersymmetry is a popular theory of new physics beyond the Stan-
dard Model. Particularly searches for the supersymmetric partner of
the tau lepton 7 still remain a promising approach, since the 7 pair
production has a very small cross-section that can be probed with the
full Run2 luminosity.

This talk contains the status of the search for direct stau produc-
tion using data collected by the CMS Collaboration at the CERN LHC
during 2016-2018 at a center-of-mass-energy of 13TeV. The presented
analysis is based on a final state with missing energy and two taus, one
hadronically decaying tau and one electron or muon produced from the
second tau decay. Unlike the previous analysis that contains data from
2016-2017, this analysis explores more MVA tools and will show how
these models (DNN, BDT, combined models architectures for hetero-
geneous tabular data) can significantly improve the results.

AKPIK 1.6 Wed 17:45 H-HS XII
Analyzing Radio Interferometric Data with Neural Networks
— eKEvIN ScumipT, FELIX GEYER, and SIMONE MENDER — TU
Dortmund

Very long baseline radio interferometry allows the observation of dis-
tant astronomical objects with the highest resolution. In this tech-
nique, the data of several radio telescopes are combined to achieve an
effective diameter equal to the greatest baseline.

Radio interferometers measure visibilities depending on the baselines
between the individual telescopes. Based on their sparse distribution,
much visibility space remains uncovered. This lack of information
causes noise artifacts in the recorded data, which have to be removed
to receive a clean image.

With increasing data rates of modern radio interferometers, fast so-
lutions are necessary to analyze observations in a reasonable time. One
approach is the usage of machine learning techniques like neural net-
works. In this talk, the feasibility study of reconstructing sparse radio
interferometric data using convolutional neural networks is presented
based on a toy Monte Carlo data set.

AKPIK 1.7 Wed 18:00 H-HS XII

Reconstructing Interferometric Data Using Neural Networks
— oFELIX GEYER and KEVIN ScHMIDT — TU Dortmund

Radio interferometry is used to monitor and observe distant astro-
nomical sources and objects with high resolution. Especially Very
Long Baseline Interferometry allows to achieve the highest resolutions
by combining the data of multiple telescopes. This results in an ef-
fective diameter corresponding to the greatest distance between two
telescopes. The taken data consists of visibilities, which depend on
the baselines between the telescopes. Because the distribution of these
baselines is sparse, the sample of visibilities is incomplete. This in-
fluences the reconstruction of the image of the observed source in a
negative way. A new and fast approach to reconstruct missing data
reasonable is using neural networks. A critical component of a neu-
ral network is the loss function, which is different for each individual
underlying task. One approach for the loss function in case of image
reconstruction for high resolution images is called 'Perceptual Losses’
(Johnson et al., 2016). This talk gives an overview of the first results
of applying this loss function to reconstruct radio interferometric data.
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AKPIK 1.8 Wed 18:15 H-HS XII
Information field theory: artifical intelligence with a knowl-
edge driven design — eToRSTEN EnssLin — MPI fiir Astrophysik

Information field theory (IFT) describes probabilistic image recon-
struction from incomplete and noisy data. Based on field theoretical

concepts IFT provides optimal methods to generate images exploiting
all available information. IFT algorithms can be regarded as inter-
pretable neural networks, with a design determined by the physical
knowledge on the observed system. Applications in astrophysics are
galactic tomography, gamma- and radio- astronomical imaging, and
the analysis of cosmic microwave background data.

AKPIK 2: AKPIK Il

Time: Thursday 16:30-18:00

AKPIK 2.1 Thu 16:30 H-HS XII
Entwicklung einer Drop-Sonde zur Messung von CO2, Tem-
peratur, Luftfeuchtigkeit und Luftdruck in entlegenen Gebie-
ten — e KoNRADIN WEBER, CHRISTIAN FISCHER und DETLEF AMEND
— Hochschule Diisseldorf, Miinsterstr. 156, 40476 Diisseldorf

Im Rahmen dieses Projektes wird eine Sondeneinheit entwickelt, die
iiber entlegenen Gebieten vom Flugzeug oder einer Drohne aus abge-
worfen werden kann (Drop-Sonde), um dann eigenstandig Daten von
CO2, Temperatur, Luftfeuchtigkeit und Luftdruck zu messen und bei-
spielsweise mit GSM zu iibermitteln. Interessant ist die Verwendung
von solchen Einheiten beispielsweise bei entlegenen Vulkanen oder vul-
kanischen Gebieten, bei denen auf grofen Flichen CO2 rdumlich und
zeitlich variierend emittiert wird, aber durch einzelne konventionelle
Messstationen nicht addquat erfasst werden kann. Bei solchen Emis-
sionsverhéltnissen ist es wiinschenswert, mit zahlreichen Messeinhei-
ten gleichzeitig und unbeaufsichtigt Messungen durchfithren zu kon-
nen. In diesem Projekt werden Drop-Sonden mit folgenden Hardware-
Einheiten entwickelt: ESP Processor Line 8266, CO2 Sensor Modul
Sensirion SCD30, Bosch BMP280 Sensor fiir Temperatur, Luftfeuch-
tigkeit und Luftdruck. Nach dem Abwurf einer Drop-Sonden-Einheit
ist folgender Datenverarbeitungszyklus vorgesehen: Processor wake-up
from deep sleep, perform a measurement, send collected data via GSM,
processor switch to deep sleep e.g. for some hours, return to step 1.
Die Daten sollen von den Drop-Sonden aus drahtlos an einen Server
gesandt und von dort aus weiter verarbeitet werden.

AKPIK 2.2 Thu 16:45 H-HS XII
Accelerated Cherenkov photon propagation for air shower
simulations — eDomMiNIKk Baack and JAN SOEDINGREKSO — TU
Dortmund, Dortmund, Germany

In the simulation of air showers for TACTs with CORSIKA, induced
through highly energetic cosmic rays, major parts of computing time
are spent on the propagation of the Cherenkov radiation. With a high
parallel approach, modern hardware can be used more efficiently and
reduce the overall runtime requirements. With the usage of OpenCL,
the code can be used on several platforms like GPUs or vectorized on
the CPUs.

This talk gives an overview of the implementation and its future
possibilities.

AKPIK 2.3 Thu 17:00 H-HS XII
Distributed astroparticle data access and analysis in the
framework of the German-Russian Astroparticle Data Life
Cycle initiative — eVicToriaA ToOKAREvVA, ANDREAs HauNas,
Doncawa Kang, FraNnk PorLcarr, Doris WoCHELE, and JURGEN
WocHELE — Institute for Nuclear Physics, Karlsruhe Institute of
Technology, DE-76021, Karlsruhe, Germany

The German-Russian Astroparticle Data Life Cycle (GRADLC) is a
joint project aimed to establish efficient analysis pipeline for the data
collected at different globally dispersed observatories, as well as to
develop new Big Data analysis methods, to promote Open Science
models, and to deliver astroparticle physics knowledge worldwide.
The talk examines the current status in the following areas of
the project: wupgrade of the existing data center of the KAS-
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CADE collaboration, KCDC (KASCADE Cosmic-ray Data Center
https://kedc.ikp.kit.edu/); status of a unified GRADLC data analysis
center; proof-of-principle joint multi-messenger data analysis by com-
bining data of two independent experiments; usage of machine learning
for the analysis of multi-messenger astroparticle physics data.

AKPIK 2.4 Thu 17:15 H-HS XII
Application of a CycleGAN to simulate calorimeter clusters
in Belle IT — oCEebDRrIC Ly for the Belle II-Collaboration — Desy,
Hamburg, Germany

Belle II is a high precision electron-positron experiment located in
Tsukuba, Japan. One goal of Belle II is to search for anomalies in the
rare decays of B mesons. A very important part of Belle II analyses is
the simulation of particles. A calibration sample could help to improve
upon the simulation. It is especially challenging to get a calibration
sample for low energetic photons, because it is difficult to validate this
with real data. This talk will present a novel approach to generating
calibration samples of photons in the electromagnetic calorimeter us-
ing cyclical generative adversarial networks (CycleGAN). CycleGAN
prove to be a powerful model to do conversion between two unpaired
supervised classes. By using control samples of real electrons in data
with the trained CycleGAN, one may be able to obtain a calibration
sample of *fake* data photons created from real electron clusters. The
goal of the study is primarily to investigate the use of CycleGAN’s in
high-energy physics as an innovative new approach to generating data
calibration samples of photons.

AKPIK 2.5 Thu 17:30 H-HS XII
Adversarial Neural Network for ttH — eJosi MaNUEL CLAvV-
130 CoLuMBIE, JupiTH KATzY, and PAUL GLAYSHER for the ATLAS-
Collaboration — DESY, Notkestr.85, 22607 Hamburg

Measurements of ttH in the H->bb decay channel are attractive since
this is the most frequent Higgs decay channel. However, it suffers
from large tt+bb background which is usually separated by the use
of classification machine learning algorithms trained on Monte Carlo
simulated events. The largest uncertainty of the measurements usu-
ally stems from training bias towards a specific MC model. We apply
adversarial domain adaptation to train a neural network that simul-
taneously classifies signal versus background events while minimizing
the difference of the classifier response to two alternative background
MC models by adding a discriminator with a gradient reversal layer.

AKPIK 2.6 Thu 17:45 H-HS XII
A generator cell for LHC event GANs — eNicLas Eica, MAR-
TIN ERDMANN, and BEnjaMmIN FiscHER — III. Physikalisches Institut
A, RWTH Aachen University

We present a network for generative modelling of LHC events using
Wasserstein generative adversarial networks (WGAN). We use Lorentz
boosts, rotations, momentum and energy conservation to build a net-
work cell generating a 2-body particle decay. We allow for modifica-
tions of the resulting four-vectors following a StyleGAN approach. We
train the generator using the Lorentz Boost Network as a pre-stage
of the critic’s network. We present first evaluations of the generator
quality using Drell-Yan processes.



