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OcCHOBHbIe 3aa4M B paMKax rpaHTa

e [logrotoBka n TectupoBaHue naketa QnTools Ans M3amepeHust aHM30TPOMHbIX MOTOKOB aApOHOB Ha
aKcneprMeHTanbHbIX AaHHbIX ceaHca Xe+Cs(l) (Run8). MNonyyeHne nepBbix AaHHbLIX NO NPSMOMY U

SNNUNTUYECKOMY NOTOKaM MPOTOHOB M NMMOHOB. KanmbpoBKa aKkcnepMMeHTanbHbIX JaHHbIX ceaHca
Xe+Cs(l) (Run8).

e UHTerpaums un anpobaumnsa MetTogoB KOppeKLUN Ha HEOAHOPOAHbIN akCenTaHC TPEKUMHIOBOW CUCTEMD
n nepegHero kanopumetpa FHCal ans nocnegyowmnx namepeHunin KoneKTUBHbIX MOTOKOB

e OnpeaeneHune LEHTPanbHOCTU CTONKHOBEHUMN TSKENbIX MOHOB B 3KCMEPUMEHTAalbHbIX AaHHbIX
ceaHca Xe+Cs(l) (Run8) ¢ ncnonb3oBaHMem MeTOA0B onpeaeneHunst LeHTpanbHOCTM Ha OCHOBE
MHOXECTBEHHOCTU POXAEHHbIX 3apsikeHHbIX YacTuy, (MC-Glauber, inverse Bayes), paspaboTka u
TeCTUpOBaHNE HOBbIX METOO0B, OCHOBaHHbIX HA MHPOPMaLIMKN O CMEKTAaTOPHbIX doparmeHTax

e PasBuTME OCHOBHOro nporpamMmmHoro ppenmaopka akcnepmmeHta BM@N, BmnRoot. Nounck u
ncrnpaeneHne ytedek namMmsTu, a Takke coobLlleHnn o6 owmbkax n npegynpexaeHuin npm
BbIMNOSIHEHUN MOAENUPOBAHNA N PEKOHCTPYKLINM.



Reports on the conferences and meetings in 2023

e INFINUM-2023 (23.02-03.03):

O  P. Parfenov “The heavy-ion program at the upgraded Baryonic Matter@Nuclotron Experiment at NICA”
e 10"BM@N Collaboration Meeting (14.05-19.05):

o P. Parfenov “Review of existing models and results on flow at the BM@N energy range*“

o M. Mamaev “ToF-400 calibration in the Xe run”

o M. Mamaev “On event plane and flow measurements in Xe run”

o |. Segal “Possibilities for centrality determination in the BM@N experiment®
e LomCon-2023 (24-30.08):
o |. Segal “Methods for centrality determination in heavy-ion collisions with the BM@N experiment”

o  P. Parfenov “Anisotropic flow and its scaling properties at Nuclotron-NICA energies”

o M. Mamaev “On the proton directed and elliptic flow in the few-GeV heavy ion collisions with BM@N
e ISHEPP-2023 (18-23.09):

o M. Mamaev “Directed and elliptic flow of protons in the heavy ion collisions at 2-4 GeV”

o |. Segal “Methods for centrality determination in heavy-ion collisions based on Monte-Carlo sampling

of spectator fragments *

e BM@N Analysis & Software Meeting (12.09-13.09):

o M. Mamaev “On the Performance for the flow measurements in the recent Xe+Cs experimental run”

o |. Segal “Prospects for centrality determination in run8 *
e AYSS-2023 (30.10-3.11):
o |. Segal “Methods for centrality determination in heavy-ion collisions”

o M. Mamaev “On the azimuthal flow of protons in the heavy ion collisions at 2-4 GeV”
e + Regular reports at BERDS meetings



The BM@N experiment (GEANT4 simulation)

o Xe+CslatE,  =3.8AGeV
e First physical run

Silicon + GEM
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Tracking system within the magnetic field
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HADES: dv./dy scaling witlh collision energy and system size
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Scaling with collision energy is
observed in model and
experimental data

Scaling with system size is
observed in model and
experimental data

We can compare the results with
HIC-data from other
experiments(e.g. STAR-FXT
Au+Au



QnTools framework s-,!INE %ﬁé&&
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e All the methods used for performance study were carried out using QnTools framework:
hitps://github.com/HeavylonAnalysis/QnTools (well documented and well-tested)

e Methods for flow measurements in fixed-target experiments were tested on experimental
data from NA61/SHINE, HADES and ALICE

e Tested and implemented for BM@N experimental and simulation data



https://github.com/HeavyIonAnalysis/QnTools

Azimuthal asymmetry of the BM@N acceptance

(p-r] Y'e'_‘? ofprotons Corrections are based on method in:
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R1: BM@N Run8 DATA: Xe+Cs@3.8A GeV
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v1l: BM@N Run8 DATA: Xe+Cs@3.8A GeV
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Centrality determination based on Monte-Carlo sampling

For multiplicity
of produced particles
used in HADES, CBM, BM@N,
NAG1/SHINE

For spectators energy from hadron

calorimeters

tested based on NA61/SHINE results

MC-Glauber
distribution

Full Monte-Carlo (real

data) distribution

Get (N N_,,) from MC-Glauber

part’

Get (N b) from MC-Glauber

spec’

Calculate Na=pran+(1-f)N

coll

Calculate total mass of fragments
A _=AvYIN_ T
tot spec
(based on the results of
DCM-QGSM-SMM model)

Evaluate x?

between dN/dE and dN/dEGI

Sample multiplicity of produced
particles (S) N, times
from NBD (y, k)

Sample hadron calorimeter
response (S))
A, times from

Gauss(p, k)

Scan phase space of parameters
to find their values for minimum of x?

Mixing of produced particles
contribution based on
Monte-Carlo events

Result: total Stot

> Extract relation between geometry
parameters and centrality estimator
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The Bayesian inversion method (I'-fit): main assumptions

o e rgas e . . - = 300F=
. Relation between multiplicity Nch and impact parameter b is defined by e
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Normalized multiplicity distribution P(N )

1

P(Ncp) =] P(N.plcp)dcy,

0

. Find probability of b for fixed range of N, using Bayes’ theorem:

P(b|n, < N, < n,) = P(b)

* The Bayesian inversion method consists of 2 steps:

—Fit normalized multiplicity distribution with P(N )

Reconstruction of

108
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f:lz {5 (Nch)chh

1/N dN/db

—Construct P(b[N ) using Bayes’ theorem with

parameters from the fit

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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https://github.com/Dim23/GammaFit

MC-Gl/Data
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Results of the fits for run8 data
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Developed procedures for multiplicity is performed for BM@N run8 data
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Fit result is good and might be improved
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Comparison of the results for run8 data
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Comparison between different methods, tracking algorithms and triggers is provided
Results are comparable
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Number of events

Possibilities of spectators fragments as estimators
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Possibilities of using forward detectors for centrality determination was investigated
Impact parameter distributions in different centrality classes are similar for different centrality estimators
These distributions for spectators energy is wider because of the width of b and energy correlation
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Ctatyc pabot no ontumnsaunmn BmnRoot

e Ha depme "bacos"
BbicokonponssogmnTensHOro
BoluncnntensHoro LleHtpa HAAY MAOGU
pa3BepPHYTO OKPYXXeHne ana TeCTMpoBaHUA
BmnRoot:

O NakKeT roToB AN paboTbl Ha KnacTtepe (B
TOM 4vucne B cucteme DIRAC)

o [gopaboTaHbl CKpUNTbI NPOMUNMPOBaHUSA
014 BbISIBIEHNS yTedekK

OTO BaXXHO He TOSIbKO Ad TeCTUpoBaHUA BmnRoot,
HO N B KOHTEKCTE MNJ1aHnpyrLerocs OanbHeENLero
NCMOJIb30BaHNA 3TUX BbIMUCITUTESIbHbLIX PECYPCOB

B akcnepumeHTe NICA npu nomoLwim DIRAC

17



Ctatyc pabot no ontumnsaunmn BmnRoot

[MpoBeOeHo TeCTUpPOBaHNE NPOLECCOB CUMYNALNN N PEKOHCTPYKLUMN
OAHHbIX UCMONb30BaHMEM BmnRoot:

YTeuka namaTtu Cumynaums PekoHCTpyKuMS
TOYHO yTepsiHO ~350Kb ~220Kb
Bo3MOXHO yTEPSAHO ~600Kb ~50Kb
Yumcno owmnbok 463 ~3.5M
Yncno KOHTEKCTOB, B
KOTOPbIX OBHapY>XeHbI 463 284
OLUNGKN

B AaHHbLIN MOMEHT NPON3BOAUTCS COPTMPOBKA N NPUOPUTU3ALNS
OLMOOK:
e OOGHapyxeHHble B ROOT u FairRoot oTMeyaroTca angd
UrHOPUPOBaHUS;
e OOGHapyXeHHblIe B BmnRoot COPTUPYHOTCS MO YacTOTE BCTPEYAHUS



3aKnyeHusa

o MU3mepeHne aHN30TPONHbLIX NOTOKOB B BM@N ¢ nomMoLbo naketa QnTools:

o

Bbinn npoBeaeHbl UCCneaoBaHns AETEKTOPHbIX BO3MOXHOCTEN aKcnepuMmeHTa BM@N ans
N3MepEeHNs MOTOKOB.

[MpoBeaeHo cpaBHEHME Pe3ynbTaToB C UCMONb30BaHNEM HECKOMNbKMX OLEHOK MNTIOCKOCTH
cummeTpun. NokasaHo, 4To pesynbTaTbl CXOAATCA Mexay cobon.

MokasaHa 3 HeKTUBHOCTb NPUMEHSIEMbIX METOAOB KOpPEeKUNN Ha adbekTbl AeTekTopa
(HEN3OTPOMHbIX aKLUenTaHC, BIMAHNE MarHUTHOMO Nons).

[MonyyeHbl NepBble pe3ynbraTbl U3MEPEHUI KOSNEKTUBHbBIX MOTOKOB B AA@HHbLIX hM3nyeckoro Habopa
(Run8) Xe+Cs(l) npu aHeprun 3.8 '3B/HYKIOH.

e OueHKa LueHTpanbHOCTM B BM@N:

o

YcnewHo BHegpeH MeToA onpeaenenunst LEHTPanbHOCTU C UCNONb30BaHNEM MHOXECTBEHHOCTU
3apshkeHHbIX YacTul,. [Nony4deHbl pesyneratbl 4na dusndeckoro Habopa (Run8) Xe+Cs(l) npu aHeprum
3.8 [3B/HYKMOH.

PaspaboTtaHa npoueaypa onpegeneHns LeHTparbHOCTU, UCNOSb3YHoLLAa SHEPrM0 CNEKTATOPOB B
nepegHen obnactu 6uIcTpoT. MeTogmka npoBepeHa Ha CUMYNMPOBAaHHLIX U peanbHbIX AaHHbIX
akcnepumeHTa NA61/SHINE.

M3y4yeHa BO3MOXHOCTb OnpeaeneHunst LeHTpanbHOCTU, UCMOMb3ysa CUrHarbl C NepegHUX eTEKTOPOB
B BM@N.

o OnTnmunsauus nporpaMmMHoro nakera BmnRoot:

O

MonHOCTLIO pa3BepHYT NakeT BmnRoot Ha BbIMUCNIUTENBHOM KnacTepe “Bbacos”. [akeT rotos K
MCMONb30BaHMI0 AN1A 3a4a4 TeCTUPOBaHUSA 1 pacnpeaeneHHbIX BbIYUCNEHMI ¢ MOMOLLIbIO DIRAC.
BbISiBNeH CnMcok yTevek naMaTu 1 onbok npu paboTe naketa. MNponssoanTcs CopTUpoBKa U1
npuopuTesauus.



[TnaHbl Ha byayllee

AHanu3 aHN3oTPOmNHbIX a3uMyTalnbHbIX MOTOKOB
o  W3mepeHune HanpaBreHHOro N 3NANNTUYECKOro NOTOKOB apOoHOB (p, 1T, /)
o WccnepnoBaHue cucteMaTtuku, CBA3aHHOM C MarHUTHbLIM MONEM 1 asuMmyTasribHbIM
akcenTaHCOM TPEKNHIOBOW CUCTEMbI, @ TakKe ariropuTMOM TPeKUHra
U3mepeHune LeHTpanbLHOCTH
o  K3mepeHne reoMmeTpmn4ecKmx napaMmeTpoB CTasKMBalOLLENCH CUCTEMbI ABYX S4ep, OueHKa
cucTtemaTuKku, CBA3aHHOW C METOL4O0M NUX U3MepeHUs
o  OueHka cuctemaTnyeckom owmnbKn, cesa3aHHOM C BbIBOPOM acTUMaTopa LeHTpanbHOCTH
OnTumunsauma nporpaMmmMHoOro naketa BmnRoot
o WcnpasneHue BbIABNEHHbIX OLWMBOK 1 yTeveK namMsTy
o  OnTMMmM3aumsa anropuTMoB, NPUMEHEHHbLIX B NakeTe
NMpuBneyeHne HOBbIX CTYAEHTOB
o  WpwuHa >KaBopoHKoBa BbINOMHAET paboTbl N0 KannbpoBKe AaHHbIX C AeTekTopa TOF-400
o Tumodpen KynmoB nponsBoanT aeHTUUKaumo 3apsxeHHbIX agpoHOB B
aKcrnepuMeHTarnbHbIX aHHbIX



Backup slides
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Anisotropic flow & spectators

The azimuthal angle distribution is decomposed
|off plane squeeze-out| in a Fourier series relative to reaction plane angle:

p(p — Upp) = %(1 +2> 7 v, cosn(p — ¥grp))

Anisotropic flow:

vy, = (cos [n(¢ — Ygrp)))

Anisotropic flow is sensitive to:

|off plane squeeze-out |
e Time of the interaction between overlap e Time of the expansion of the created in the
region and spectators collision matter (c, is speed of sound)
2R R
tp — te:z:p —

_7_5 -
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v_as a function of collision energy

P. DANIELEWICZ, R. LACEY, W. LYNCH
10.1126/science. 1078070
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Discrepancy is probably due to non-flow correlations in
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https://doi.org/10.1126/science.1078070

Flow methods for A calculation

- - ® F2(Tp(F1,F3)}
. M Mamaev et al 2020 PPNuclei 53, 277-281 0.45;— '
Tested in HADES: i Mamaev et al 2020 J. Phys.: Conf. Ser. 1690 012122 ok F2 m Fo(Tr(F1,F)
TE O v F2{T-(F1,F3)}
Scalar product (SP) method: s O Fe(F1FY)
0.3F &
F1 HF3 s O
v <U1Qfl> vy = (u2Q7°Q1°) 0.25E ] 5
1 — F1 _ Fl1 pF3 TF
Ry Ry Ry 0.2F .
. . . 0.15F ¥ " 5 0 &
Where R, is the resolution correction factor o
F1 __ F1 _ qRP 0.05¢
Rl _<COS(\Ijl \Ijl )> TR PR N N R

Symbol “F2(F1,F3)” means R, calculated via
(3S resolution):

RF2FLES) V@M@ Q)

| —
Q" Qr”)

Method helps to eliminate non-flow

e

Using 2-subevents doesn’t

centrality (%)

Symbol “F2{Tp}(F1,F3)" means R,
calculated via (4S resolution):

QT'Q)

Rf?{Tp}(Fl,F?») — (QF Q’{p>

V(@M@ el
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SP R1: DCMQGCM-SMM Xe+Cs@4A GeV "

SP gives unbiased estimation of v_(root-mean-square)
EP gives biased estimation (somewhere between mean and RMS)

§ ® Fi(Tp,F3) : o rmpFiFa) | F ® F3(Tp,F1)
0.45¢ - »
= F1 = F1(Tx,F3) = F2 = rrariray | FOF3 = F3(TnF1)
S v F1(T-F3) F O v ORAT-FLE | F v F3(T-F1)
0.35F 1 F1(F2,F3) 3 N O F2(F1,F3) 3 T F3(F1,F2)
0.3F 3 4 3
. EPR, ~30% ; R
0.25F - -
z 5 o § 8
0.2F O - - O 3 ' 3 | 0 *
C = E C O]
0.15F @ CI ¥ | F o oI N O
. 1_ 3 - Using random-sub method
F - F we integrate non-flow
0.05f - — to our results
O:IllllllllllIlllllllllllllllll : lllllllllllllllllllllllllll :lllllllllllllllllllllllllllll
5 10 15 20 25 30 355 10 15 20 25 30 355 10 15 20 25 30 35

centrality (%) centrality (%) centrality (%)

Using the additional sub-events from tracking provides a robust combination to calculate resolution 25



R1: BM@N Run8 DATA: Xe+Cs@3.8A GeV

- 0.35
o " BM@N RUNS
0.3F &
F o . °
025 @ ®
C O ¢
E & o
0.2 :— . - -
C O
0.15F o ®
B ® Fi(L1)
01k ® F2(L1)
P ® F3(L1)
" F1 (VF)
0.051 O F2(VF)
I O F3 (VF)
O N L L I L 1 1L L I 1 1L L L l L 1 L L I 1 1L L L
5 10 15 20 25 30

centrality (%)

F3
i Q{F2} Q{F3}
F1
Q{F 1}

T-: all negatively charged particles with:
- 15<n<4
- p;>0.2GeV/c

T+: all positively charged particles with:
- 20<n<3
- p;>0.2GeV/c
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Motivation for centrality determination

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

Goal of centrality determination:
map (on average) the collision geometry parameters

to experimental observables (centrality estimators) (projectile)
participants spectators

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

S
Cs = —1 ’ —dads
Js; dS (target)

spectators
27



Why several alternative centrality estimators

Anticorrelation between charge of the spectator A number of produced protons is stronger correlated with
fragments (FW) and particle multiplicity (hits) the number of produced particles (track & RPC+TOF hits)
than with the total charge of spectator fragments (Fw)
HADES; Phys.Rev.C 102 (2020) 2, 024914 HADES; Phys.Rev.C 102 (2020) 2, 024914
OE , 0.g. UrQMD e ]
A 8000} |.. I 1
BE = "y e y,£05 Ny |
B = 04f yeyt02 — .
6000} R P 1
i c . g Npit i
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s « et 7
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Avoid self-correlation biases when using spectators fragments for centrality estimation 28
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Test of procedure for spectators energy

e
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Procedure for spectators energy
was tested based on NA61 data
Centrality classes comparable with
classes directly determined from
DCM-QGSM-SMM

e There is still imbalance between the central and peripheral events which should be

improved with more realistic mixing of produced particles in central events
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