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The Goals and Objectives of the Project

Themainstrategyis to usecommonsolutions

andmethodsfor different experiments 2

Mathematical methods, algorithms and software for modeling physical processes and 
experimental facilities, processing and analyzing experimental data

Project structure @ JINRKey IT/software tasks in experimental data handling
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Á analytical and numerical calculations of physical

processes,software optimization, including tuning and

adaptationof physicseventgenerators;

Á MC event production, development and support

of informationsystemsfor eventcatalogues;

Á participation in the creation of computer models of

experimental facilities and simulation of elementary

particlespassingthrough them basedon GEANT4 (and

others) and fast simulation of the response of the

detectors.

Simulation of physical processes and experimental facilities



Modeling Experimental Facilities for the NICA, LHC,etc.
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9ȄǇΦ ŎƻƴŎƭǳǎƛƻƴΥ ά¢ƘŜǊŜ ƛǎ ƴƻ ƳƻŘŜƭ ό9th{Σ UrQMD, HIJING 
Χύ ŀōƭŜ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ŘŀǘŀΗέ ŦǊƻƳ b!смκ{ILb9 /ƻƭƭŀōΦ ƻƴ 
PP, 40Ar  + 45Sc and 7Be + 9Be

Á Development, verification, validationandapplicationof
FTF (Fritiof) andQGSM (Quark-Gluon-String-Model) 
hadronicmodels

Rapidity distributions of ̄- mesons in
40Ar + 45Sc interactions (EPJ , C82 (2022)

Á Simulation and prototypetesting for present and future 
orbital detectors: NUCLEON, NUCLEON-2, HERD 

Prototypes tested @ NuclotronJINR

isotopes charges
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Á Developmentof the heavyion collisiongenerators

ҍ DubnaCascade Model, Quark-Gluon-String Model, Statistical 
Multifragmentation Model for the NICA Experiments

ҍ tuning the HIJING generator with data of NA49 and 
NA61/SHINE @ CERN, STAR@RHIC (can be used in MPD and 
SPD experiments)

Á Analytical and numerical methods for calculating neutron-
proton systems under strong compression at the NICA

Á Fine tuning the generators for searches for new physics

ҍ revision of model parameters for 2HDM+a, 2HDM+s, etc.

ҍ simulation with Pythia8,QBH, MadGraph5_aMC@NLO+ 

FeynRules(simplified DMM, HDM+a, 2HDM+s, etc.)

ҍ mass production + Geant4 response

MC Generators for the NICA and LHC Experiments

Thepriority tasksof the JINRGroupsin LHCphysicsprogram
(ATLASand CMS)include searchesfor candidatesfor dark
matter particles,testsof predictionsof TeV-energyscenarios

Ex., Dark Matter can be probed with two fermions/two
fermions+ MET/higgs+ MET/Z+ METin the final states

h (­ bbar) + a (­cc) = bbar+ MET

MLIT + BLTP + VBLHEP
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Reconstruction of physical objects and analysis of experimental data 

P A V E L  K I SEL

K F  P A R TI CL E F I N D ER :

M I SSI N G M A SS M ETH O D

F O R  REC O N STR U CTI O N  O F  STR A N GE P A R TI CL ES

I N  CB M  ( F A I R )  A N D  STA R  ( B N L )  EX P ER I M EN TS

Frankfurt  am  Main  2022

Á developmentof algorithms, including those basedon recurrent
andconvolutionalneuralnetworksfor machineanddeeplearning
tasks, and creation of corresponding software for the
reconstructionof physicalobjects(tracks,particles,clusters,etc.)
andphysicalprocesses;

Á development of methods and algorithms for data analysis,
includingstatisticalanalysis;

Á adaptation of existing software for specific experiments,
reconstructionandanalysisof experimentaldata;

Á analysisof OpenDataof experiments,in particular,experimentsat
the LHC;

Á conductinga globalanalysisof data from variousexperiments(in
particular, a combined analysis of data from accelerator and
astrophysicalexperimentsin searchfor candidatesfor the role of
darkmatter).
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Development, implementation and advancementof methods
and algorithms with their subsequentimplementation in the
form of a set of problem-oriented programsfor modelingand
reconstructingphysicalevents,aswell asprocessingandanalysis
of experimental data for coordinate detectors of the BM@N
experimenttrackingsystem.

BM@N tracking system 
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Hierarchical diagram of the coordinate 
detectors of the BM@N experiment tracking 

system in  RUN-8 (2022 ς2023)

Forward Silicon CSC 2x1.5 m2

CSC 1x1 m2GEM

Coordinate detectors of the internal and external subsystems of the 
BM@N experiment tracking system

Experimental setup for the RUN-8 BM@N experiment

Modeling and reconstruction in tracking detectors 
of the BM@N experiment



Reconstruction of high pTmuon trajectoriesin the CMS experiment

High pTmuon passing through the 
CMS endcap muon system

RoadUsage(RU) segment reconstruction algorithm 

Muon 
trajectory

Old RU

Blueςold algorithm

Redςnew algorithm

Reconstruction efficiency vs. pseudorapidity

4 track-segments15 track-segments

84 hits in chamber 
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Highest di-muon mass event at CMS

CSC
9



Usage of RU algorithm for tracking in GEMs @ CMS 
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Muon 
trajectory

Big strip 
error 
RHs

Regular strip charge 
distribution

„ ͺ ~ 2% of strip width

Abnormal strip charge 
distributions

„ > 30% of strip width

Event display in CSC
Hits with big strip errors 
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Overlapped signals delimitation in CSC of the CMS experiment
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Introduction to wavelet analysis
The g2-WTS(Wavelet-TranSformmethod based on the usage of second degree wavelets (Ὣ))[1] was chosen by us for overlapping signal 
recognition. 

The main function in wavelet analysis is the following double gaussian function

(1)    

While processing the signal it is divided in a set{Ὤ}, where

(2)

Gauss wavelets Wfor the function Gcan be represented as follows:

(3)

where

Here b is the shift, a is the scale and ί ὥ „ ,Ὣ ςgaussianwavelet of the n-th degree, h- cluster  of strip charges,„- half-width of the 
wavelet.       

To find the n-th wavelet coefficients of the set h we use:

(4)

G.Ososkov, A.ShitovGaussian Wavelet Features and Their Applications forAnalysis of Discretized Signals // Comp.Phys.Comm, v.126/1-2, 149-157, 
(2000) 12

Wavelet-filter



Universal tool for overlapped signals delimitation

Universal tool for overlapping signal recognition  

Input data ςADCs 
on strips 

Visualization of 
the input data

Result displaySearch area selection
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Overlapped signals ςpreliminary results

Yellowlineςinitial chargedistribution;
Greenlineςsimulatedmuoncoordinate;
Redlineςwaveletanalysis;
Bluelineςstandardapproach(CoGlike).
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4 overlapped 
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First approach of decision trees for PID in MPD experiment

15

Particleidentification is an important part of the physics
analysispipeline in MPD experimentand is provided by
Time-ProjectionChamber(TPC)and Time-of-Flight (TOF)
detectors. We have applied gradient boostingapproach
for ensemble of decision trees with use of CatBoost
library to PIDon Monte-Carlosimulateddata for TPCand
TOFdetectors.

The proposed approach for PID problem in the MPD
experimentshowspromisingresults. In particular,it gives
a multiple increaseof an efficiency for small and large
particle momentum rangesin comparisonwith so-called
n-sigmamethodrealizedin mpdroot software.

Idea of the gradient 
boosting method

Efficiency of PID 

n-sigma

XGBoost

See talk by Vladimir Papoyan: https://indico.cern.ch/event/1534595/timetable/?view=standard#98-application-of-machine-lear
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ÁDevelopment of the software environment for
processing and analyzing data from the NICA
experiments

ÁCreation,implementationand developmentof an
information and computing complex for
processing,analyzingand storing data for the SPD
experiment

ÁCreationof specializeddatabasesand information
systemsfor the Collaborations@ NICAand LHC
(ATLAS,BM@N,MPD)

Support and development of the software environment for JINR research



Development of algorithms and data processing and analysis 
systems for neutrino experiments 
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Algorithmsand a data processingand analysissystemfor reconstructingrecordedevents
in neutrinophysicsexperimentswith the participationof JINR.

ÅThe BaikalDeep-Water Neutrino Telescope(BAIKAL-GVD)- the study of the flow of
high-energycosmicneutrinosandsearchfor their sourcesfor the studyof darkmatter,
the decayof superheavyparticles,etc.

- Developmentof the dataprocessingsystemandachievementof its operabilityasthe main
systemin the BAIKAL-GVDproject

ÁThe ground-based TAIGAgamma-ray observatory is designedto study cosmic and
gammarayswithin five ordersof magnitudein energyandwill becomeoneof the main
detectorsin the energyrangefrom TeVto hundredsof PeVfor the purposeof studying
galacticsources(pevatrons).

- Developmentof software for the reconstructionof cosmicraysand high-energygamma-
raysusingdatafrom the TAIGA-HiSCOREandTAIGA-IACTdetectors



Computing for SPD Experiment
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Á Creation, implementation and development of an
information and computing complex for processing,
analysisandstorageof datafor the SPDexperiment

Á Developmentof a software environment for
processingandanalyzingexperimentaldata



Computingfor SPD Experiment: OnLineFilter and Off-line System
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Á design and creation of a software and hardware
complex for organizing the high-throughput
processingof data receivedfrom the SPDDAQ(SPD
OnLineFilter)

Á developmentof a model for processingand organizingdata
includingdistributeddata processingof the SPDexperiment
on the resourcesof the collaborationparticipants.

V data flow Ϥо˸ ev./s. (~20 GB/s)
V no trigger

See talk by Danila Oleynik: 
https://indico.cern.ch/event/1534595/timetable/?view=stand
ard#78-the-spd-software-and-comput

See talk by Artem Petrosyan: 
https://indico.cern.ch/event/1534595/timetable/?view=stand
ard#79-managing-of-distributed-mc



Data Bases for HEP Computing

03.10.202558th meeting of the PAC for Particle Physics 20

ÁATLASEventPickingService
- the first versionfor automatedeventcollectionhasbeencreated.

- the servicewasusedfor the secondstageo t͊he «ʴʴҦ²²» analysis(136Kevents)

- further modernizationof the serviceisongoingaccordingto the receivedresults

ÁATLASCREST(ConditionDB)
- C++APIfor CREST(implementedinto Athenasoftwarepackage)

- COOL2CRESTconverter(developed, but not yet implemented)

- both partsrequireconstantimprovementfor compatibilitywith the updatedCRESTserver

ÁEventmetadatasystemfor the experimentsat NICA(BM@N,MPDandSPD)
- hasbeendesignedto indexeventsof the NICAexperimentsandstore their metadata

- quicksearchby requiredconditionsand parametersusedin variousphysicsanalysesfor a
setof physicseventsto usein further eventdataprocessing

ÁGeometryDB
- Thegeometrydatabaseis the main element of the information systemdesignedto store,

process and manage information about the geometric models of detectors. It is
implementedinto BMNROOTsoftware

ÁConfigurationDB(ConfigurationInformation System,CIS)
- Configurationdatabasefor managingonline applicationsfor collectingand processinghigh

energyphysicsevents. It wascreatedfor processlaunchingin BM@Nenvironment.



ML methods for modern HEP experiments

NICA accelerator complex scheme with MPD, SPD, BM@Nexperiments

BM@NExperiment

Tasks: event reconstruction using data from tracking and 
other detector systemsTracking detector TPC inside MPD magnet.Event 

display of simulated event of Au-Au beams collision 
leading to thousands of tracks.

NICA

21



Problem Statement: The Need for Advanced Tracking Methods

Unprecedent scale of modern experiments:

ÅUp to 200 simultaneous proton-proton interactions is expected 
at High Luminosity Large Hadron Collider

Å200 particle tracks on average, 40K of tracks considering pile-up

ÅTraditional tracking methods cannot handle dense, overlapping 
particle tracks due to computational complexity and time 
constraints.

Deep Learning for Efficient Track Reconstruction:

ÅDL models can handle high-dimensional data and complex 
spatial correlations between tracks 

ÅMultiple scattering and inhomogeneous magnetic field effects 
could be learned from training data

ÅEffective parallelization using GPUs out of the box

ÅTrackML Challenge was launched to explore new scalable 
approaches for particles tracking

https://webific.ific.uv.es/web/en/content/taking -lhc-higher-luminosity

To cope with immense data volumes 
a new high-throughput deep-learning based approach for tracking is needed 22

Under high luminosity 
conditions, particles are 
accelerated not individually, 
but in groups ςbunches

The same problems are expected also for the NICA 
megaproject experiments

https://home.cern/science/accelerators/high-luminosity-lhc
https://www.kaggle.com/c/trackml-particle-identification
https://webific.ific.uv.es/web/en/content/taking-lhc-higher-luminosity


TrackMLchallenge 2018
In 2018, physicists from CERN and other physics centers around the world, including Russia, staged 
a competition - the TrackML challenge to solve a machine learning problem for particle tracking in 
high-energy physics at high luminosity

(DOI 10.1109/eScience.2018.00088)
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For this purpose, a source code simulator program is made 
on the Kaggle platform, where a typical all-pixel LHC 
tracking detector of 10 layers generates physical events 
(Pythia ttbar) superimposed on 200 additional collisions. 
This yields typically 10000 tracks  (100000 hits) in each 
event. Detailed view of the short strip detector of 

the TrackMLchallenge with a simulated 
event with 200 pile-up interactions

TrackMLdataset
https://www.kaggle.com/c/trackml -particle-identification/overview

Noticeable participants:
Å 1st: top-quarks ςLogistic regression for pairs and triplets, helix extrapolation (8 min/event).
Å 2nd: outrunner ςDense NN for pair prediction, circle fitting (3+ hrs/event).
Å 3rd: Sergey Gorbunov ςTriplet seeds, helix fit with magnetic field estimation (0.56 sec/event).
Å 9th: CPMP ςDBSCAN clustering, filtered by module frequency (10 hrs/event, 30,000+ DBSCAN runs).
Å 12th: FinniesςDBSCAN seeding, LSTM for predicting next 5 hits (slow, no speed given).

Most of the solutions repeat the classical pipeline for tracking ςseeding followed by trajectory fitting.

https://www.kaggle.com/c/trackml-particle-identification/overview
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TrackML Challenge. Our results

TrackML event graph

1. Improvement of HEPTrkX GNN model  
https://arxiv.org/pdf/2003.11603
The HEPTrkXGNN model has been substantially redesigned. 

In particular, the original structure 

hasbeenchangedto

Theseimprovementsallowed to reducethe memory to accommodatethe event graphCPU-RAMusagefrom 16 GBto
3GBandkeepGPU-RAMusageup to 5GBat the batchsizeof 8.
Additional studyhow muchthe resultsdeteriorate when uniformly distributed noiseof 20%of the data is added.

Adapting the GNN model to datasets obtained from the MPD
experiment of the NICA project, taking into account their
specifics,is the next step in the current study.

Metrics w/o noise 20 % of noise

Accuracy 99 % 99 %

Purity & 
Efficiency

91 % 90 %

AUC 0.996 0.996

PyTorch Geometric

https://www.kaggle.com/c/trackml-particle-identification/overview
https://arxiv.org/pdf/2003.11603


GNN for track reconstruction in the MPD experiment

A multilayer graph neural network was

developed for tracking in the MPD

experiment.

- Standard GNN

(https://doi.org/10.48550/arXiv.2003.11603)

- Attention layer

- Two-step aggregation to account for track

curvature

High multiplicity Medium multiplicity Low multiplicity

25

1000 Au-Au events
pt < 150 MeV
80% - training
20% - testing

Classical tracking: 1-10 s/event
ML tracking:80 ms/event



Tracking for data from high luminosity experiments. SPD NICA
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General layout of the SPD setup

SPD( Spin Physics Detector) is being developed to study the spin structure of proton, deuteron and other spin-
related phenomena using polarized beams of protons and deuterons at collision energies up to 27 GeV and 
luminosities up to 1032cm-2 s -1.

ST - Straw-Trackermodule consists of 35 
double layers of straw-tubes

Reconstruction of events from a dataset 

of time-slices is required. For this purpose 

it is planned to develop an algorithm for 

online filter to process at least 100 time-

slices per second

Event data from the SPD will be received at 3 MHz as 10 mstime-
slice data, with up to 40 events in each time-slice, i.e., one time-slice 
will contain up to 200 tracks and ~ 1100 hits per station

The calculations were performed according to a simplified simulation scheme:
Å Python script generates events with 1-10 random tracks.
Å Transverse momentum: 100-1000 MeV/c (uniform).
Å Random vertex coordinates within the collision area.
Å Trajectories follow a helical path, defined by the pitch and radius equations.
Å Simulated detector with 35 stations.
Å Fake and noise hitssimulated using randomly sampled points in detector space.

See talk by SaveliiOmelianchuk: https://indico.cern.ch/event/1534595/timetable/?view=standard#80-graph-neural-network-with-a

Helical
line



Deep tracking for SPDNICA timeslicedata

The main problems in SPD tracking are a huge number of fake signals, missed counts due to inefficiency of detectors and 
άƭŜŦǘ-ǊƛƎƘǘέ ŀƳōƛƎǳƛǘȅ of straw-tubes Introducing appropriate complications in the TrackNET program inevitably slows 
down its work and reduces its efficiency.
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By fine-tuning TrackNETon theGOVORUN 
supercomputer, a processing speed of ~2000 model 
events per second with acceptable tracking efficiency
was achieved

1. On-line tracking(TrackNET) 2. Unraveling track array by events
Reconstruction of events from the time-slice dataset was performed in two stages

M.BorisovD.Rusov

The event unraveling algorithm is based on clustering of feature 
vectors, obtained using Siamese neural network. The result is 
quite promising, but requires improvement due to insufficiently 
low efficiency.

https:// doi.org/10.1134/S1063779624030237



Divide the detector space 
into M voxels, i.e. into 
smaller subspaces

Take the hits from each voxel and form a batch of M x N x F 
subsamples, considering that each subsample is a mini-event

N hits

M samples

F features

PCT 
model

Classifying hits into 
true and fake ones

Combine 
everything 
into one 
event

ñCleaningò the events using Point Cloud Transformer ( PCT) neural net 
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Input: Raw event
Output: Cleanedevent

PCT= Point cloud transformer

Events 

number

40

Not 

effective

2%

Voxel 

number

512

Precision

0.98

Recall

0.98

NUMERICAL RESULTS

2.PCT for removing fakes 
in time-slice.SPD event 
voxelization and software 
pipeline

https://doi.org/10.1134/S1063779624030638



ML/DL approach for NICA tasks 

Kolmogorov-Arnold 

neural network (KAN) 

compatible with Adam 

family optimizers was 

proposed and 

implemented for BM@N 

magnetic field 

approximation.

KAN is much faster 

than the classical spline 

method and it has a 

higher approximation 

ability compared the 

classical multi-level 

perceptron (MLP).

The field values were 

approximated with an 

average error of 0.43% 

for Bx component and 

1% for By component of 

the field.

The developed approach can be used for various NICA tasks,

where an approximation of vectors of ordered data is

needed.

For example, the delimitation of overlapped signals in the

tracking detectors for detection of closely passing particles.

Difference between methodsMeasured Approximated

Bx

By

♯║● Ȣ Ϸ

♯║◐ Ȣ Ϸ

ML/DL approach for NICA tasks 



Ecosystem for machine learning, deep learning and data analysis tasks


