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Motivation for centrality determination

Centrality class S1-S2: 
group of events corresponding to a given 
fraction (in %) of the total cross section: 

2

● Evolution of matter produced in heavy-ion collisions depends on its initial geometry

● Impact parameters (b) - one of the important collision parameters
○ impossible to measure experimentally

● Goal of centrality determination: map (on average) the collision geometry parameters to 
experimental observables (centrality estimators)
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Centrality determination based on 
multiplicity provides with:

● impact parameter (b)
● number of participating 

nucleons (Npart)

Similar centrality estimator is 
needed for comparisons with STAR, 
HADES, etc.

Eur. Phys. J. A (2018) 54: 85

Phys. Rev. C 86, 054908 (2012)

STAR, Au+Au, BES

HADES, Au+Au 1.23A GeV

Centrality determination



The BM@N experiment

SImulation:
● DCM-QGSM-SMM, Xe-Cs
● GEANT4 transport

Data:
● run8 Xe-CsI @3.8A GeV
● Event selection:

○ Physical runs
○ Centrality trigger (CCT2)
○ More than 1 track in vertex 

reconstruction
○ VtxR < 1.0 cm
○ VtxZ < 0.1 cm

Multiplicity of charged particles from 
tracking system FSD+GEM

arXiv:2312.17573

FSD+GEM

4

Beam

https://www.google.com/url?q=https://arxiv.org/abs/2312.17573&sa=D&source=editors&ust=1729845497886132&usg=AOvVaw3Ot2YFrQXYLDHWhH1yMYA-
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Full Monte-Carlo (real 
data) distribution

Scan phase space of parameters 
to find their values for minimum of χ2 

Evaluate χ2

between N/dNMC/data and N/dNGl

Extract relation between geometry
parameters and centrality estimator

MC-Glauber
distribution

Result: total Stot

Get (b, Npart, Ncoll) from MC-Glauber

Sample multiplicity of produced particles (Si)  Na times 
from NBD(μ, k)

For multiplicity 
of produced particles

used in HADES, CBM, NA61/SHINE 

 Evaluate number of ancestors
(sources of produced particles)

Na= fNpart+(1-f)Ncoll

Multiplicities from two collision events are randomly 
superimposed with the probability p (“pileup” events)

Centrality determination based on Monte-Carlo sampling of produced particles
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MC-Glauber fit result Xe-Cs

● Good agreement between model data and fit
● Impact parameter distributions in different centrality classes reproduces ones from 

DCM-QGSM-SMM

Particles 2023, 6(2), 568-579;
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The Bayesian inversion method (Γ-fit)

Relation between multiplicity Nch and impact parameter b is defined by  
the fluctuation kernel: 2 main steps of the 

method:

Fit experimental (model) 
distribution with P(N)

Construct P(b|N) using 
Bayes’ theorem:
P(b|N) = P(b)P(N|b)/P(N)

– centrality based on impact parameter

Mean multiplicity as a function of cb can be defined as follows:

Fit function for Nch distribution:

b-distribution for a given Nch range:

R. Rogly, G. Giacalone and J. Y. Ollitrault, Phys.Rev. C98 (2018) no.2, 024902
Implementation for MPD and BM@N by D. Idrisov: https://github.com/Dim23/GammaFit
Example of application in MPD: P. Parfenov et al., Particles 4 (2021) 2, 275-287
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Г-fit result Xe-Cs

● Good agreement between model data and fit
● Impact parameter distributions in different centrality classes reproduces ones from 

DCM-QGSM-SMM



Implementation of “pileup” in the centrality determination procedure

https://arxiv.org/abs/2112.00240
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Pileup events occur with the probability αm at the 
m multiplicity bin. 
The probability to find N particles of interest at 
multiplicity m with the pileup effects is given by:

Pm(N) = (1 − αm)Pm
single(N) + αmPm

pileup(N)

https://www.google.com/url?q=https://arxiv.org/abs/2112.00240&sa=D&source=editors&ust=1729845498454144&usg=AOvVaw0XB2dSNyJIYzFdPgPbUzrA
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Result of centrality determination at Xe-CsI @ 3.8 AGeV

● Centrality determination methods were applied on experimental Xe-CsI data
● Good agreement between data and fit for both methods
● New centrality classes are used in physics analysis (see talk by M.Mamaev tomorrow )

D. Idrisov, 13th Collaboration Meeting of the BM@N Experiment at NICA ,
ICPPA-2024, “Comparison of different centrality determination methods at the BM@N experiment”

MC-Glauber Г-fit
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Comparison between impact parameter distributions

● For Г-fit, all centrality classes are comparable

● Г-fit and MC-Glauber are in good agreement



Summary and outlook

12

● The first version of it is performed

● A new approach to accounting for pileup is considered

● The MC-Glauber and  the Bayesian inversion method reproduce charged particle 

multiplicity for fixed-target experiment at BM@N

● Relation between impact parameter and centrality classes is extracted

● These results are used in the physics analysis

Thank you for your attention!
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● MC-Glauber x NBD multiplicity fitting procedure is standard method for centrality determination
● The MC Glauber non-realistic Npart simulations at low energies
● Differences in of number of participant nucleons (Npart) distributions from UrQMD and MC
● The impact parameter (b) - model independent centrality estimator

Eur. Phys. J. C 83, 792 (2023)
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The Bayesian inversion method (Γ-fit): main assumptions
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Reconstruction of b
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R. Rogly, G. Giacalone and J. Y. Ollitrault, Phys.Rev. C98 (2018) no.2, 024902
Implementation for MPD and BM@N by D. Idrisov: https://github.com/Dim23/GammaFit
Example of application in MPD: P. Parfenov et al., Particles 4 (2021) 2, 275-287

https://www.google.com/url?q=https://github.com/Dim23/GammaFit&sa=D&source=editors&ust=1729845499060822&usg=AOvVaw01Hn5i0dxseWU5lbGmC5Fk


The BM@N experiment
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SImulation:
● Xe-Cs
● GEANT4 transport

Data:
● run8 Xe-CsI @3.8A GeV
● Physical runs

Multiplicity of charged particles from 
tracking system FSD+GEM

arXiv:2312.17573

FSD+GEM

https://www.google.com/url?q=https://arxiv.org/abs/2312.17573&sa=D&source=editors&ust=1729845499195809&usg=AOvVaw1zxvB4Z1L6_Q-Pj4sC-f1G
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Why several alternative centrality estimators

HADES; Phys.Rev.C 102 (2020) 2, 024914

Avoid self-correlation biases when using spectators fragments for centrality estimation

A number of produced protons is stronger correlated with 
the number of produced particles (track & RPC+TOF hits)

than with the total charge of spectator fragments (FW)

Anticorrelation between charge of the spectator 
fragments (FW) and particle multiplicity (hits) 

HADES; Phys.Rev.C 102 (2020) 2, 024914
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