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This is the first seminar! for specialists, graduate students and students of leading Russian institutes who
are interested in applying new methods for obtaining, processing and processing data from mega-class
physical experiments. Modern physical experiments, especially in fundamental research at large facilities,
provide an increasing amount of data and require more computer power to process the results. Therefore,
more and more often new methods of working with data, including those based on machine learning
methods, are being used to work on modern experiments.

The seminar is aimed at discussing new methods of processing data from a modern physical experiment,
identifying the main problems that need to be solved and developing a further strategy. The experience
of various groups in the implementation of MMO and AI methods at different stages of processing exper-
imental data, as well as monitoring the parameters of detectors and the accelerator complex during data
collection will be considered. All this can be used in the work on the program of studying the properties
of dense baryonic matter in nuclear collisions at the new accelerator complex NICA (Nuclotron based Ion
Collider fAcility) at JINR, Dubna).

The main topics of the workshop include

1) New methods of data collection of physical experiment, including the use of new methods of fast on-line
trigger

2) Machine learning methods for the analysis of experimental data on the NICA complex

3) Experience in using Al in preparation for data analysis

4) Experience in the use of distributed computing and grid technologies in the analysis of experimental
data of the LHC experiments and prospects for the NICA project

5) Processing the detector response and particle tracking using machine learning methods

9TO MepBbIit CeMUHAP' IS CIIENMATNCTOB, ACTMPAHTOB U CTYTE€HTOB BeIYIIIMX POCCUICKIX MHCTUTYTOB,
3aMHTEPECOBAHHBIX B IIPMMEHEHNY HOBBIX METONOB IIOJIYUYEHNs, IIPOIeCCUHra U 06paboTKM HaHHBIX
¢dn3nueckux axcnepumeHToB Kiacca META. CoBpemeHHbIe pu3muecKe 3KCIIEPUMEHTHI, B OCOOEHHOCTH
no ¢pyHIaMeHTAIbHbIM UCCIETOBAHMAM Ha OOJBIINX YCTAHOBKAX, IIPEOCTABISIOT BCE BO3PACTAOIIIIL
00beM aHHBIX 1 TPEOYIOT BCe BO3PACTAIOIIMIX KOMITBIOTEPHBIX MOILITHOCTEI 711 06pabOTKY pe3yIbTaToB.
[TosTomy, Bce uatite 41 pabOThI Ha COBpEeMEHHBIX 9KCIIEPMMEHTAX HAUWHAIOT MCIIOIh30BAThCSI HOBBIE
MeTOAb! paboThI C JAHHBIMIY, B TOM UNCJIe Ha OCHOBE METO/{0B MAaIlITHHOTO O0yUeHS.

CemuHap HampaBjeH Ha 0OCYyXIeHJe HOBBIX METOLOB 0OpabOTKM SaHHBIX COBPEMEHHOTO (I3IUeCKO-
IO 9KCIIEPMMEHTA, BBISBIEHNE OCHOBHBIX IIPOOIIEM, TPEOYIOIINX peIleHsT U BEIpa0OTKy HasbHeIIen
cTpaTeruy. Byger paccMOTpeH OIBIT PasiMYHBIX IpyIn 1o BHeapeHuio meronoB MMO n MU nHa pas-
HBIX dTanax 00paboTKM 9KCIIepUMEHTATBHBIX JaHHBIX, 4 TAKKE MOHUTOPIMHTA ITAPAMETPOB AETEKTOPOB
M YCKOPUTEJIBHOTO KOMILJIEKCa BO BpeMs Habopa JaHHBIX. Bce 3T0 MokeT OBITH MICIIOIB30BAHO B paboTe
10 IIpOoTpaMMe MCCIIeTOBAHNUIT CBOVICTB IIOTHO GapMOHHOI MaTepu B CTOKHOBEHUSX sIep Ha HOBOM
yckoputensaoMm komiutekce NICA (Nuclotron based Ton Collider fAcility) 8 OUSU r.[ly6Ha)

OcHOBHBIE BOIIPOCHI CEMIMHApa BKIIOYAIOT B ceOs:

1) HoBble MeTonbI HabOpa HaHHBIX (PU3NUECKOTO SKCIIEPMMEHTa, B TOM UMCJIe MICIIOJIb30BaHMe HOBBIX
MeTOIMK OBICTPOTO OH-JIAMH TPUITepa

2) Metonpl MalIMHHOTO O0YUYEeHNUS A AHATM3a JAaHHBIX dKCIIepUMeHTOB Ha Komiuiekce NICA

3) OnsIT ucnons3oBauus VM B OAroToBKe K aHANM3Y DAHHBIX

4) OmbIT UCIIOJNB30BAHMS PACIIPENeIeHHbIX M TPUL TEXHOJOTMII B aHANINM3€e NAHHBIX 9KCIIEPUMEHTOB
BospIioro agpoHHOTO KoJulaliaepa u repcreKTuBbl 1y npoekra NICA

5) O6paboTKa OTKIMKA OETEKTOPOB ¥ IIOCTPOEHNE TPEKOB YACTHI[ B JETEKTOPAX C MICIOIb30BAHIEM Me-
TOJOB MAIIIVIHHOTO 00yUeHNs

'https://events.spbu.ru/events/new-methods, https://indico.cern.ch/event/1306558
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Generative models for particle physics: hype, profits, and pitfalls.

Fedor Ratnikov'

! Yandex School of Data Analysis (RU)
Corresponding Author: fedor.ratnikov@gmail.com

Generative ML models are widely used in the modern world to solve different practical problems.
This approach is a very promising solution for various problems in experimental particle and nuclear
physics. However, specific requirements of using such models for obtaining quantitative scientific
results put restrictions on direct using industrial generative models out of the box.

This presentation will list main use cases of using generative models for experimental particle physics,
discuss possible issues and specific requirements to such models, and demonstrate practical ap-
proaches to resolve those issues.

Hcnosp3oBaHMe METOAOB MAIIIITHHOTO O0YUeHMS ISl ITOMCKA
ONITUMAJIBHBIX KOH(PUTYypanuii JeTeKTUPYIOIINX CICTEM

Evgenii Kurbatov!; Fedor Ratnikov!

! Yandex School of Data Analysis (RU)
Corresponding Author: evgenii.kurbatov@cern.ch

B Hacrosiiiee BpeMs OMHMM Y3 aKTyaJbHBIX HAIIPABJIEHNI IIPUMEHEHNs MALINHHOTO 00yYeHMs
B ¢u3MKe BBICOKMX SHEPIMIT SIBIAIOTCSA 3afaull IIOMCKA ONTUMAIbHBIX KOHQUIYpAIII JeTeKTH-
pyroumx cucreM. Llenpro mogo6HOI ONTMMM3AINY ABISETCS HaxXOKAeHUe GanaHca MeXAY CIIO-
COGHOCTBIO BCEX HETEKTOPOB GeCKOH(IIMKTHO BHIIOIHITH IIOCTABIEHHBIE 3aaUl U CTOMMOCTHIO
ITOCTPOVKI, VIV MOAEPHM3AI[MI YCTAHOBKIL.

B nanHo1 pabore pacckasbpIBaeTCs O ITOAXO0AAX K KOMIUIEKCHOI ONITYMM3ALN C IpIUMeHeHe Me-
TOIOB MAIIMHHOIO 00YUYeHMs NeTeKTOPHBIX CICTEM B CJIOXKHBIX KCIIEPUMEHTAX Ha IIPUMepE OII-
TUMM3aLMUY MIOOHHOI 3auTsl 9KcriepuMenTa SHiP. OcHoBHBIMU dakTOpaMu ycliexa OITIMMU3a-
LMY SIBJIIIOTCS. KOPPEKTHBII BBIOOD LieIeBOIL (pyHKINMY, MEeTOA OTITMMM3aLUI U CII0c00a OBICTPOIt
OLIEHKM KOH(UTYpaLIiL.

B moxmame 6yayr o6cyxmeHBI MpobieMbl BpIOOpa IejeBOil GYHKUMY, YyIeT ee OTpaHMUEHNII C
TOUKM 3peHNs 9KcrepuMeHTa. [IpeicTaBie sl pasinuuHble IIOAXObI K INI00ATbHON ONTIMU3ALIN,
IIpYMEeMbI YCKOPEHNS pacueTHO KOMIIOHEHTHI 3a[aull.
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Cmoco0bI 00padOTKM HePETYJIAPHOCTEN B CUMYJISIVIOHHBIX JaH-
HBIX Ha KOJUIAIepHBIX dKCIIEpMMEHTAaX

Alexey Boldyrev!

! NRU Higher School of Economics (Moscow, Russia)
Corresponding Author: alexey.boldyrev@cern.ch

KomnbpioTepHBIe MOAeNN AeTeKTOPOB Ha KOJUIalliepHbIX 9KCIIEpMMEHTaX MOT'YT MIMEeTb Pa3INUHYI0
CTeIleHb JeTAIbHOCTI: HaulHAas OT YIIPOILeHHBIX Toy-Moenesl, OTpakaloIX OCHOBHBIE XapaKTe-
PUCTUKY PUBUUECKUX IIPOLECCOB TETEKTUPOBAHNS U UCCIAEAyEMBIX GUBMUECKUX IBIIEHNIT, 3aKaH-
4uyBas AeTalbHBIM MOAENMPOBAHIEM, BKIIOUAIOIIEr0 MH)KeHepHble orpaHmdeHus u alignment me-
tekropa. IlocienHne Mogeny yo4OOHBI A1 IOTYYeHNS CUMYJIIIMOHHBIX JaHHBIX, MMUTUPYIOLIIX
peasbHble JaHHBIE B 9KCIepMeHTe. B moK1ame 06CyXAa0TCsI CIIoCOOhI TOCTPOEH ST YHUPUIIPO-
BaHHOI CUCTEMBI PEKOHCTPYKLUMI COOBITHUI, ITIO3BOJISIIOLIEN paboTaTh C KOMIIBIOTEPHBIMI MOJ€-
JIIMU pa3InyHoN creneHn getann3anuu. O6CyKaaeTcs IpuMep pearn3anmuy 10 00HO0I CICTEeMBbI
PEKOHCTPYKLIMY JISI MOAEPHM3ALUI JIeKTpoMarauTHoro kanopumerpa LHCb.

MeToabI 00pabOTKI JAHHBIX B 9KCIIEPUMEHTAaX (PM3MKU BBICOKIIX
aHepruii. Ucropus, mpo61eMbI I epPCIEKTUBHI

Tennammii AnexceeBuu OcocKoB!

! O6vedunennblil uncmumym s0epHbIX UccTed08anuil

Corresponding Author: ososkov@jinr.ru

ML Modelling of QGP

Corresponding Author: vladimir.kovalenko@cern.ch

The processes of collisions of relativistic nuclei are quite complex and include several stages. The
main iportant one is the so-called thermal expansion of the medium, during which the matter is in
the stage of local thermodynamic equilibrium. The behavior of such a medium is described by the
equations of relativistic hydrodynamics. Due to the fact that the initial configurations of colliding
nuclei are unique for each collision, this process must be described event by event, which requires
significant computational resources.

In this work, for the approximate solution of the equations of relativistic hydrodynamics, the ML-
approach based on convolutional neural networks is used. The set of Pb-Pb collisions at LHC energy
generated within the VISH2+1 package was used as input data. Other types of nuclei were also used
for validation at different energies. Several machine learning schemes have been developed, most
of which have shown high efficiency to reconstruct the full space-time evolution of the medium up
to the moment of the freezeout. The applicability of the approaches was validated on synthetic data.
The azimuthal flows were calculated and copared with the results of the full modelling.
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Using the experience of administering the Russian segment of
ALICE WLCG to develop NICA data processing system

Andrey Zarochentsev'

! St Petersburg State University (RU)

Corresponding Author: andrey.zarochencev@cern.ch

Centrality estimation in nucleus-nucleus collisions by machine
learning algorithms

Evgeny Andronov'

Andrey Seryakov '; Vladimir Kovalenko '

! St Petersburg State University (RU)

Corresponding Author: evgeny.andronov@cern.ch

Estimation of centrality is crucial in any analysis sensitive to initial stages of nucleus-nucleus col-
lisions. In heavy ion collisions experiments typically one can use forward detectors to measure
energy of nucleon spectators as a proxy for centrality estimator. Precision of this determination in
limited by the detector resolution and losses of particles on a way from an interaction point to the
detector.

In this contribution we present results of application of machine learning algorithms for centrality
determination in Ar+Sc collisions at SPS collision energies based on EPOS model. For this goal real-
istic simulations of the response of the Projectile Spectator Detector (forward hadronic calorimeter)
of the NA61/SHINE experiment was used. Modular structure of detector in transverse plane allows
us to use energy depositions in different modules as features for the symbolic regression, decision
trees and the convolutional neural network.

Supported by Saint Petersburg State University, project ID: 94031112. We thank to the support and
help from all the members of the CERN NA61/SHINE Collaboration.

ﬁ%ﬁient Boosted Decision Tree for Particle Identification in the

Vladimir Papoyan'

! JINR

Corresponding Author: vlpapoyan@jinr.ru
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What Machine Learning Can Do for a Focusing Aerogel Detectors

Alexander Barniakov'; Fedor Ratnikov?; Foma Shipilov’; Sergey Kononov*

! Novosibirsk State University (RU)

? Yandex School of Data Analysis (RU)

* HSE University (RU)

* Budker Institute of Nuclear Physics (RU)

Corresponding Author: fshipilov@hse.ru

Reliable particle identification is a crucial component of modern physics experiments. The use of
a Focusing multilayer Aerogel Ring Imaging CHerenkov detector FARICH is under intensive dis-
cussion for the SPD detector at NICA. The detector may use both seedless real-time signal finder
to produce fast trigger and mitigate noise background, and seeded off-line reconstruction mode for
precise identification.

In this presentation we demonstrate our approach to filtering signal hits in the FARICH detector.
The approach is inspired by object detection techniques for computer vision. Several ML based
approaches to the FARICH reconstruction problem in different settings are also discussed.

Triplet Siamese Network for Event Unraveling in the SPD Experiment

Maksim Borisov’

Gennady Ososkov 2. pavel Goncharov %; Daniil Rusov *

' Dubna State University

% Joint Institute for Nuclear Research
Corresponding Author: maksppap@mail.ru

The very high data acquisition rate as 20 GB/sec data flow resulting from a 3 MHz collision fre-
quency is planned in the future SPD NICA experiment. It implies that tracks of several events will
be overlapped and recorded in a single time-slice. Thus, after the step of recognizing all tracks in
a time-slice, it is necessary to group the recognized tracks by events to determine their vertices. In
this paper, a deep Siamese neural network with triplet loss function is proposed for this purpose. We
present preliminary results of evaluation of the efficiency and speed metrics of the neural network
after training on a dataset of simulated SPD data.
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Fast simulation for forward hadronic calorimeters

Andrey Seryakov'

! St Petersburg State University (RU)

Corresponding Author: andrey.seryakov@cern.ch

Forward hadronic calorimetes are used in HI experiments to determine centrality and reaction plane.
To understand the response and calculate systematic uncertanties a large amount of simulated data
has to be produced. However a GEANT4 simulation of hadronic calorimeters may take as much
time as of the whole detector if the calorimeter was hitted by a large fraction of nucleon spectators
due to origination of many hadronic showers.

I would like to present the solution which was developed for the NA61/SHINEexperiment at SPS
CERN. It is a stand alone application based of fitted single nucleon responses, which allows practically
instantaneous generation of a calorimeter responce even for Pb+Pb collisions.SHINE is a fixed target
experiment at SPS CERN. It has a hadronic calorimeter (PSD) which also plays a role of a beam
dump. This detector has a very similar structure as the MPD’s FHCal.

This work was supported by St. Petersburg State University project ID: 94031112

Neural Generative Modeling of the Time Projection Chamber
responses at the MPD detector

Alexander Zinchenko'; Artem Maevskiyz; Fedor Ratnikov®; Sergei Mokhnenko?; Viktor Riabov*

! JOINT INSTITUTE FOR NUCLEAR RESEARCH (JINR), DUBNA, RUSSIA
% National Research University Higher School of Economics (RU)

? Yandex School of Data Analysis (RU)

* NRC Kurchatov Institute PNPI (RU)

Corresponding Author: sergei.mokhnenko@cern.ch

The accurate modeling of detector responses in high energy physics experiments is crucial for obtain-
ing reliable physical results. However, nowadays, with the increasing luminosity of modern particle
accelerators, the modelling requirements are growing faster than the available computational re-
sources. Therefore, faster methods for modeling of detectors needs to be developed.

In this presentation, we discuss generative-adversarial neural networks in context of modelling the
response of the Time Projection Chamber (TPC) for the Multi-Purpose Detector (MPD) at the NICA
accelerator complex. We emphasize typical problems on this way and possible approaches of resolv-
ing them.
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Operation of the ALICE Hyperloop analysis train system

Vladimir Kovalenko!

! Saint Petersburg State University (on behalf of the ALICE Collaboration)

Corresponding Author: vkovalenko@spbu.ru

Hyperloop is a new analysis train system, developed and introduced for the data analysis in the
ALICE experiment in the conditions of LHC Run 3. It has started a regular operation in early 2022,
being available 24/7. Hyperloop, as a successor of the LEGO train system, used for analysis of Run
1 and Run 2 data, provides efficient management of the analysis process and economical usage of
the Grid resources with a convenient web-based user interface. It utilizes all the modern features of
new O2 Analysis Framework developed for the Run 3 data.

The analysis is based on the WLCG infrastructure and AliEn framework. The train consists of several
wagons. Each wagon corresponds to a configurable workflow that can exchange the data between
them. There are two types of wagons: service wagons made by experts providing additional infor-
mation, such as advanced tracking or centrality, and user wagons for user analysis. The Hyperloop
web application allows for automatized wagon test with estimation of the needed resources of CPU
and memory, and, in most cases, the train submission is also done automatically. Hyperloop of-
fers several tools for bookkeeping and preservation, including automatized changelogs for datasets,
runlists and wagons, as well as comparison tools for wagons and trains.

In this talk, the user and operation experience of the Hyperloop system will be discussed, focusing
on the most useful and innovative features. An overview of the current status of the analysis in Run
3 will also be presented.

The work is supported by Saint Petersburg State University, project ID: 94031112.
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Application of neural networks in rapid estimation of the impact
parameter of high-energy collisions from data obtained from
microchannel plates detector.

Farkhat Valiev'; Kirill Galaktionov'; Vladimir Roudnev'

! Saint Petersburg State University

Corresponding Author: st067889@student.spbu.ru

In this work, we present the results of series of computational experiments studying the neural net-
work approach to event-by-event estimation of the impact parameter in heavy ion collisions. The
configurations of detectors on microchannel plates, were simulated as a source of collision data for
the computational algorithm. Originally, such detector systems were proposed in [1]. Computa-
tional experiments were carried out on the data of %7 Au+'%7 Au collisions generated by QGSM and

EPOS models at energies \/syny = 11 GeV and /syn = 11.5 GeV.

In the scope of this work, we present the advantages of the neural network approach in evaluation
of the impact parameter. Moreover, we show that the developed algorithm is capable to provide
sufficiently good and fast results on a single event, and that in our exercises the algorithm was able
to successfully identify more than 90% of events with an impact parameter less than 5 fm or even
1 fm, and can be valuable as the fast trigger. In addition we will discuss the encountered problems,
such as the variations in data obtained from different theoretical models, and further directions and
prospects for research.

This work was supported by St. Petersburg State University project ID: 94031112

[1] A. A.Baldin, G. A. Feofilov, P. Har’yuzov, F.F.Valiev, Fast beam—beam collisions monitor for exper-
iments at NICA, NIMA, 958, 162154, 2019, Reported at the VCI2019, DOI:10.1016/j.nima.2019.04.10

Neutron reconstruction in the highly granular time-of-flight
neutron detector at the BM@N experiment.

Vladimir Bocharnikov'

! HSE University
Corresponding Author: vbocharnikov@hse.ru

The compact highly granular time-of-flight neutron detector (HGN) is designed for the fixed target
BM@N experiment at the NICA facility. This detector is aimed to measure anisotropy of azimuthal
neutron flows, that are sensitive to the equation of state for dense nuclear matter. Neutrons are
produced in nucleus-nucleus collisions with energies up to several GeV. The main reconstruction
challenge is to deal with high background rates, that are expected in the detector acceptance. In
this contribution we propose two machine learning models for neutron reconstruction: based on
boosted decision tree (BDT) and graph neural network (GNN). Strong and weak points of BDT and
GNN approaches will be discussed. Reconstruction performance of both models is evaluated on
simulations in the full BM@N detector environment.
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PedpmkepaTop pacTBOpeHNS - KpMOTeHHas Iu1aTdopMa s
oXJIA)KAEeHNsI KOMIIOHEHTOB KBAaHTOBOTO KOMIIbIOTEpa A0

cBepXHU3KUX Temmeparyp (<50mK).

Anton Dolzhikov'

! JINR
Corresponding Author: dolzhikovant@yandex.ru

KBaHTOBBIE TeXHOJIOTHUH - OXHO U3 Hanboree 6YPHO pa3BUBAIOILMXCS COBPEMEHHBIX HAIIPaBJIeHMIT
HAyKI U TeXHUKN. TeopeTmdecKy IMOKa3aHO, YTO KBAHTOBbIE KOMITBIOTEPHI IIO3BOJIAIOT JOCTUTATh
CYIIIeCTBEHHOTO IIPEeMMYIIIeCTBa Hafl OOBIYHBIMI KOMIIBIOTEpaMI B PsAJie 3aa4 M alTOPUTMOB: Ma-
IIMHHOE 00yueHNe, MOJIeKyIIpHOe MOfeNMpoBaHue, Kpunrorpadusd u T.4. OnHaKo, IpaKTidecKas
peanmsanusa KBAaHTOBOTO KOMIIBIOTEpA CBSI3aHA C PellleHMeM MHOKeCTBa CIOKHBIX IpobieM. Ox-
HOJI M3 HUX ABJIAeTCA JeKorepeHIusa. KBaHTOBoOe cOCTOAHIE OUeHD XPYIIKas CUCTeMa, KyOUTBI B 3a-
Iy TaHHOM COCTOSHUM KpaiiHe HecTaGIIIbHBL, JI000e BHEIIIHee BO3AEICTBIE MOXKET PaspyILNUTh 3Ty
cB3b. VI3aMeHeHNe TeMIIepaTyphl Ha MeJIbUAIIIYIO JOJI0 Ipaxyca, JaBJIeHIIe, IPOJIeTEBIINIT PATOM
ciy4aiiHblit (OTOH — Bce 3TO0 AecTabiun3upyeTr cucreMmy. s perreHust 310 npobieMbl CO30aI0T
pedbpiuxepatopst pactsopenus *He B He - HM3koTeMmepaTypHble KpUOTeHHbIE TIATGOPMBI, B KO-
TOPBIX ITOAEPKIBaAETCS TeMIleparypa MeHee 50MK, ¢ MaKCUMAaIbHOI M30IA11ell BHyTpeHHEeI Ka-
MepBI € IIPOLIECCOPOM OT BCEX (BO3MO>KHBIX) BO3IEIICTBUI BHEIIIHEN cpensbl. B cBg3u ¢ BBeieHIEM
CaHKLMII IIpeKpallleHbl II0CTaBKM IIOXOGHBIX YCTpolicTB B Poccuio. B cekTope HU3KMUX TeMIlepaTyp
JabopaTopuy IAEPHBIX IIpo0IeM 00beAMHEHHOTO MHCTUTYTA SnepHbIx uccieqosauntt (CHT JIAII
OUSIN) 6bL1 co3aH OAMH U3 CAMbIX IIEPBBIX B MUpPe pepIrrKepaTopoB PACTBOPEHMS U C T€X IIOP
HaKOILIeH OOJIBIIION OIBIT B CO3MAHUNU ITOJOOHBIX YCTPOIICTB. B moknane nmpuBoguTcsa onucaHme
cosnaBaembrx B CHT JISAII OMISIN pedpuskepaTopoB pacTBOPEHMS, X OCHOBHBIE XapaKTePUCTUKI
¥ BO3MO>KHOCTb MOJIepHU3ALMM IT0]] KOHKpeTHBIe (pU3IuecKie 3a1aui.
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