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1 TMounck KpUTUYECKOW TOYKM U ¢ha3oBoro nepexos 1-
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1 Wwupokas obnacte B nnockoct (T,u;)

CyuwecTtBylowme:

e BM@N/NICA (OUAN) — 2.4-3.3 3B

e HADES/SIS18 (fepmaHus) — 2.4-2.55 B

e STAR/RHIC (CLWA) — 3-200 3B
Byaywme:

e MPD/NICA (OUAN) — 4-11 3B (2025)

e CEE/HIAF (Kutan) — 2.1-4.4 'aB (2026)

e CBM/FAIR (F'epmaHung) 2.4-4.9 3B (2029)



FeomeTpusa CTOJIKHOBEHMSA AAep U LLleHTPaJIbHOCTb

HauanbHas reomeTpusa obnacTtn nepekpbiTus Saep:
e npuuenbHbIv napameTp (b)

®  YMCIIO YyYaCTBYHOLLUMX HYKIOHOB (Npa +)

Knacc ueHtpanbHocTn S1-S2: rpynna cobbITuin, COOTBETCTBYIOLLAS

3agaHHoun gone (B %) oT obuwero cevyeHus: 1 S 4
o

Y Jc
Cinel 751 ds

Cg ds
MeToabl onpeaeneHne LeHTPanbHOCTY:
e MC-Glauber
o xopoLlo pa6oraet npu \s,, > 20 3B
O  MNPW HU3KUX 3HEpPrusax TpebyeTcs npoBepka
e HOBbIN MeToA MHBepcun baneca (IM-fit)
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NOMOLLbI0 KOI(PPULIMEHTOB IKCLIEHTPUCUTETA €

reaction plane

o \/w cos ng) + (r" sin ne)
° (r')



a=y

KonnektuBHble noToKu Ha RHIC/LHC v NICA
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AHU3OTpONHbIE NOTOKM, V (P, ,centrality):

YyBCTBUTEJbHbI K paHHeVI cragnun
CTOJIKHOBEHUA

Ha RHIC n LHC cornacytotcsa ¢
rmopoavHaMmM4yeCcKMMmn pacyetTamm
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YYBCTBUTENEH K TPAHCMOPTHbLIM

ceovictBam KI'M (n/s)

Ans onpenenexns k- Heobxoanmbl
AeTasibHble N3MepeHnUs v oT
LleHTPanbHOCTX CTONKHOBEHUS



Llenb paboThi:

NccnepoBaHme pony HayarbHOW reoMeTpun u oTbop CobbITUIN NO LEHTParbHOCTM B M3YYEHUM aHU3OTPOMHbIX
NOTOKOB B SAPO-A4epPHbIX CTONKHOBeHMN npu aHeprmusx NICA (\/sNN = 3-11 9B) 1 n3yyeHne BO3MOXHOCTU MX
namepeHus Ha yctaHoske MPD (NICA).

3apgaum:

1.

PeannsoBaTb MogenupoBaHue ctorkHoBeHun aaep Au+Au, Bi+Bi n Xe+Cs(l) B obnactn aHeprum

\/sNN = 3—11 'aB ucnonb3ya coBpemeHHble MoHTe-Kapno-reHepatopbl A4p0o-a4epHbIX CTONKHOBEHUN
(DCM-QGSM-SMM, UrQMD, vHLLE+UrQMD, AMPT) ¢ nocnegytowum MOAeNMpoBaHUEM PeanucTUYHOro
OTKNUKa OeTeKTOpHbIX noacuctem yctaHosok MPD n BM@N.

[MpoBecTn NPoOBEpPKY KadeCTBa IKCNepMMeEHTarnbHbIX AaHHbIX U BepuduumpoBaTtb npumeHeHue -fit n
MC-Glauber meToaoB onpefeneHus LeHTpanbHOCTV Ans cTonkHoBeHuid Xe+Cs(l) npn B, = 3,8AT3B B
akcnepumeHTe BM@N.

[MpoBecTn CpaBHEHME CUrHaNa anNIMNTUYECKOro NOTOKA U €r0 OTHOCUTESNbHbIX (ONYKTYauuin, Noy4eHHOro B
MOZESbHbIX pacyeTax, C 3KCnepuMeHTanbHbIMN AaHHbIMK Konnabopauun STAR anga sHeprum \/sNN = 3-11
[3B.

YcoBepLueHCTBOBaTb 1 anpobupoBaTb aKCNepuMeHTarbHble METOANKU N3MEPEHUS asuMyTanbHbIX
KONneKkTnBHbIX NoTokoB Ha yctaHoBke MPD (NICA).

M3yunTb BO3MOXHOCTY M3MEPEHNS SNITUNTUYECKOTO (V,) 1 TPEYroNbHOro (V,) NOTOKOB 3apsiKeHHbIX

agpoHoB Ha yctaHoske MPD (NICA).



okcnepumeHt MPD

Mopenb

(FerepaTop cobbrtuii) [ GEANT 4 —>| PekoHcTpykums | AHanns notokos

Yoke ECal TOF _~

Habop mMoaenbHbIX AaHHbIX:
e AutAu:

o UrQMD, \s,, =5, 6,7, 11.5 GeV
o AMPT, SMASH, JAM Vs, =4.5,7.7,

11.5 GeV c
e Bi+Bi, Vs, =9.2 GeV: ?
o UrQMD

SC Coil

o VvHLLE+UrQMD TPC Cryosta

MPD Collaboration: ..., A. Demanov, et al., Eur. Phys. J. A 58, 140 (2022)


https://arxiv.org/search/physics?searchtype=author&query=MPD+Collaboration

JkcnepumeHT BM@N

MonenbHble AaHHble:
e DCM-QGSM-SMM, Xe-Cs

e GEANT4 transport

JKcneprMeHTanbHble AaHHble:
e run8 Xe-Csl @3.8A GeV

e OT160p COOLITUM:

(@)
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domanyeckme 3anycku
LeHTpanbHbIN TpUrrep
(CCT2)

bonee 1 Tpeka ans
PEKOHCTPYKLNN BEPLUNHBI
Vixg, < 1.0 cm

Vitx, < 0.1 cm

MHO>XeCTBEHHOCTb 3apA>KEeHHbIX
4yacTtuy mn3 TpeKOBOVI CNCTEMbI

FSD+GEM

S. Afanasiev (a), ..., A. Demanoy, et al. (140): arXiv:2312.17573
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Small GEM (16)
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FHCal (20)
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https://arxiv.org/abs/2312.17573
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MeToAabl onpeaeneHuUs LEHTParbHOCTHU
MC-Glauber meTtoa:

HayanbHble NapameTpbl CTONKHOBEHUSA n3 mogenu (b, Npart)
MHOXXECTBEHHOCTb POXAEHHbIX YacTu

BHEAPEH anroputM y4éta cobbiTum ¢ pile-up adpdektom (ans
pesynstatoB BM@N)

NOAroHKa pacrnpeaeneHns MHOXXeCTBEHHOCTU U3 MOAENN K
AKCNepuUMeHTannbHON

Au+Au, |s=11.5 GeV Au+Au, |s,\=11.5 GeV
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Xopoluee cornacve Mmexay pesynsratamv ykasbiBaeT Ha TO, YTO reoMeTpuyeckne cBomcTaa
CTONIKHOBEHUS HE MeHAITCA B AnanasoHe aHeprun NICA

A. Demanov, at al., Acta Physica Polonica B- 2021. - 14. - c. 503-506, 10.5506/APHYSPOLBSUPP.14.503


https://tglaubermc.hepforge.org/

MC-Glauber

MeToabl onpeneneHus LeHTpanbHocTtu (BM@N)

-cont metogn:
® MOAenbHO-HE3aBMCUMbI MEeTO
® CBS3b MeXJy MHOXECTBEHHOCTbIO M NMpuLuenbHbIM NapaMmeTpom b onpegensieTcs
dnyktyaumoHHbim agpom P(N)
e nogobpartb akcnepumeHTanbHoe (MogenbHoe) pacnpeaenexHne ¢ P(N)
e noctpoutb P(b|N) c nomowybto Teopembl baneca: P(b|N) = P(b)P(N|b)/P(N)

R. Rogly, G. Giacalone and J. Y. Ollitrault, Phys.Rev. C98 (2018) no.2, 024902
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[na obounx meToooB HabnogaeTca Xopouwlee corrfiacne Mexay mogeribHbiIM1 JaHHbIMU U pe3yribTaTaMM
NOATroOHKN



Pe3ynbraTtbhl onpegeneHus ueHTpanbHocTH B Xe-Csl @ 3.8 AGeV
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50 100 150 200 250 300 350 400 Experiment // ISSN 1063-7796, Physics of Particles and Nuclei, 2025, Vol. 56, No.
N,, 3, pp. 886-890

e [Ins onpeneneHus LeHTpanbHOCTM B AaHHbIX cTosnikHoBeHn Xe+Cs(l) npn 3.8 AGeV B akcnepumeHTe
BM@N 6binn BnepBble npuMmeHeHbl ABa metoga: MC-Glauber u M-cout meTog.

e [Ina oboux meTogoB HabnogaeTca xopoLlee corfiacne Mexay aKkcrnepuMeHTanbHbIMU JaHHbIMU U
pesyrnsratamMmu NOArOHKM

10



Metoab! nsmepeHunsa v_ TPCA) | | | TPC(B)

u 1 Q_ BeKTopbI: u, ; = "% = (cosny;, sinng;)

M
Qn = E Wjln,j,
=i

ol (=02 |
MeToa nnockoctn cobbitus (EP): v, {V, mc} = S~ R {W,ec} = v/(cos[n(¥2 — Tb)])
n n,TPC

MeTop ckansipHoro npousseAeHua (SP): v P {Q, e} = <«zz.flf3)62fl?(a)> //{Q2QP*)

1<n<-005 005<n<1

MeToa noa-cobLITMIAHBLIX ABYX YaCTUUHBIX Q-KyMynsHTOB:  15{2} = | /{(2)),;

M Q *
_ ing o Na ¥ n,b
o= ; ) Zhato = Mo My,

MeToa yeTbipex-4acTU4HbIX Q-KyMynsaHTOB: v,{4} = i‘/g <<2>>2 —((4)) 'ﬁ;.

oy QLM 10 00 = R0 Q105 401 ~2) QU ~ MM - -
- M(M-1) a M(M - 1)(M —2)(M - 3)

Method’s details described in PRC 83 (2011), 044913 and EP method: Phys.Rev.C 77 (2008) 034904
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Demanov A. et al.; Elliptic Flow Fluctuations at NICA Energy Range // Physics of Particles and Nuclei. - 2024. - 55. - c. 1124-1128
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Demanov,A. et al.; Comparison of methods for elliptic flow measurements at NICA energies YsNN =4 - 11 GeV // AIP
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MPD Collaboration, ...Demanov A. et al.;MPD physics performance studies in Bi+Bi 14
collisions at s, = 9.2 GeV// Revista Mexicana de Fisica, arXiv:2503.21117
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3aKknryeHue

PaspaboTtaHbl 1 anpobupoBaHbl SKCNEPUMEHTaNbHbIE METOAUKM ONpeaeneHusl LeHTPanbHOCTU U
N3MEpPEHUS aHMU3OTPONMHbIX KOMMEKTUBHbIX NMOTOKOB Ha yctaHoBke MPD.

[MonyyeHbl oueHkM 3PPEKTUBHOCTU M3MEPEHNUS ANNUNTUYECKOTO (V,) U TPeyrorbHoro (V,) NOTOKOB
3apsbkeHHbIX agpoHoB B obnactu  aHeprmn  NICA Ha ocHoBe aHanu3a MOSHOCTbIO
PEKOHCTPYMPOBAHHbIX MOAENbHbIX AaHHbIX. [1okazaHo, 4YTo yctaHoBka MPD obecneunt getanbHble
N3MepeHNs asuMyTarnbHbIX KOMNSIEKTUBHbBIX MOTOKOB C BbICOKOW TOYHOCTbLHO.

AHanus cnyktyauuin v, B CTONKHOBEHUsIX Au+Au 1 Bi+Bi BbisfBUN yMeHbLUEHWE drykTyauun c
POCTOM 3HEpPrum 1 3aBUCUMOCTb V,{4}/v,{2} OT Tvna YacTul, npu aHeprusx <6 '9B.

Pa3spaboTaHbl MeToabl MPOBEPKM KavecTBa [aHHbIX W BMeEpBble WUCCedoBaHO MNPUMEHUMMOCTb
METOO0B ornpeaeneHna LeHTpanbHOCTU Ans cTonkHoBeHun Xe+Cs(l) npu Ekin=3,8A [oB B
akcnepumeHTe BM@N. 310 nossonuno akcnepnmeHty BM@N cpaBHUTbL CBOM NepBble huanyeckmne
pesynbratbl C OMyOnMKOBAHHbIMW  OJAHHbIMW  OPYTMX 3KCNEPUMEHTOB WU  nNpeackasaHnuamm
COBPEMEHHbIX Moaeneun sapo-aaepHbIX CTONKHOBEHWUN.

YcoBepLUeHCTBOBaHHbIE aBTOPOM METOAbl onpefernieHnst LeHTPanbHOCTU MAaHUPYOTCA NPUMEHUTb N4
akcnepumeHTa MPD B pexxnme paboTbl C PUKCMPOBAHHOM MULLEHDLIO.
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MonoxeHus, BLIHOCUMbIe Ha 3allinTy

[MonyyeHbl pe3yneTathl 4N ANANNTUYECKOrO NOTOKa 3apsiKeHHbIX afpOHOB U €ro OTHOCUTEMbHbIX
dnykTyauum B CTOSIKHOBEHUAX Au+AuU npu  3Heprusax \/sNN= 45, 7.7 v 11.5 3B B pamkax
COBPEMEHHbLIX MoAernen aapo-aaepHbIX CTONKHoBeHuMn ¢ popmuposaHmem KM (VHLLE+UrQMD,
AMPT-SM) un 6e3 dopmmposaHna KM (DCM-QGSM-SMM, UrQMD, SMASH), npoBegeHo
CpaBHEHME C IKCnepuMeHTanbHbiMK AaHHbIMK Konnabdopaunn STAR.

[MpoBegeHa npoBepka SMEEKTUBHOCTU Mpouenypbl OnNpedeneHus LUeHTpanbHOCTX MeTogamu
nHeepcun bavieca (I-fit) 1 MC-Glauber ana crtonkHoBeHuii Xe+Cs(l) npu E,. =3,8A TsB B
akcnepumeHTe BM@N.

MonyyeHbl oueHkn 3PEKTUBHOCTU M3MEPEHUS ANNUNTUYECKOTO (V,) U TPeyronbHoro (V,) NOTOKOB
3apskeHHbIX agpoHoB Ha yctaHoBke MPD (NICA).
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KonnektuBHble noToKu Ha RHIC/LHC v NICA
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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
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Centrality determination

HADES, Au+Au 1 23A GeV

Eur. Phys. J. A (2018) 54: 85
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0-5% 0.00 3.30 2.20

5-10% 3.30 4.70 4.04
10-15% 4.70 5.70 5199,
15-20 % 5.70 6.60 6.16
20-25% 6.60 7.40 7.01
25-30 % 7.40 8.10 TS
30-35% 8.10 8.70 8.40
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Centrality determination based on
multiplicity provides with:

impact parameter (b)
number of participating
nucleons (N__ )

part

Similar centrality estimator is
needed for comparisons with STAR,
HADES, etc.
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KonnektusHble notokn Ha RHIC/LHC (7-8) 06begnHUTD
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Comparison between impact parameter distributions
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For I'-fit, all centrality classes are comparable

[-fit and MC-Glauber are in good agreement



KonneKktBHble NOTOKKU B AnanasoHe sHeprun NICA

u+Au @[5, =2.0—62.4 GeV, mid-centra @ 2.00 GeV, FOPI
0.2 :A v g g8 205G FOR 0.06 |- ¢ E895/E877
I I ooa ~ - o pn sHeprusx Vs, = 11.5-2
0.1 of il ['oB Bpemsa nponeta
C] I:J O 3.80 GeV, E895 002
°. o u 77 Gev, STAR yBenuymnsaetcs ¢ 2 o 16
0 1‘,§+E]++++++ 4 11.5GeV, STAR
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—0.1F .0. i % 27 GeV, STAR —0.02 F —+— JAM/MF
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02 % égﬂ * 624GNSTAR - _0.04 - s —— JAM-10PT \/ZSNN ~3.213B
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0 1 5 3 A 2 3 4 56789 20 30
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Mpu aHeprusax NICA Ha aHM3O0TPONHbIN NOTOK BIUSIOT:
1. Bpemsa pacwimpeHnmsa obnactn nepekpbiTus: texp — R/CS7 Cs = A /dp/dg
2. Bpemsi nponeta ctankneatowmxcs saep: tpass — ZR/ 'Ybeamﬂbeam



Sensitivity of v,{QC} to flow fluctuations and non-flow

~ 0l

Non-flow contribution for k-particle cumulants: g ! AMPT SM o,=1.5 mb 1
5 1/ Mk-1 i i :2% AutAu s = 11GeV ]
g~ 1/ , o v;{s(}) ]
. . 2 2\ [ o v,{10} ]
Elliptic flow fluctuations: 07, = <’02> <’02> 0.06r ~ vo{22-sub} v & M ; ]
Assuming Oy,<< (vy), fluctuations enhance i - ¥ 4
v,{2} and suppress v,{2k,k>1} compared to (vs) . 02: I 1
2 Ly 1]

~ 1 vy = Va{4}/Vva{2} = 1: small v, fluctuations |-
1}2{2} ~ <'U2> + 5 <U2> 0:_ 'l Va{4}/vo(2} « 1: large v, fluctuations _:
IR WO TEAR € P S R (1 [ CO A M V[ S TRy PO S (AP LA N i TN [ T P

2 ? 12_1] Iv I | ) I 1= I | R R L I | 5 5 ) I | ] ll_‘

1 v s - v

V2 41 ~ Vo) — = > C g v v ]
(4 ~ () — 73 A R
Assuming a Gaussian form of fluctuations B 08 sl v s s s dane i b pa g
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V2{4}%’V2{6}=V2{8}= Centrality, %

V2{2} > V2{4} ~ V2{6} ~ \)2{8} ~



Motivation: study of v, fluctuation

v {4}/v,{2} =1: small v, fluctuations
v,{4}/v,{2} < 1: large v, fluctuations

—~ S O I UL SN SO AN O S S |
N 1 2- (a) STAR, Au+Au, Charged Hadrons -
\;” i Data points: PRC 86, 054908 (2012) -
rn i i
h:] l_ ............................................................................ il
~ L _
i I & @ & + 1
08 &  o39Gev -
i s 27 GeV i
i v 19.6 GeV E
0.6_— e 11.5GeV ~

l L L L l

@0 20

v, fluctuations at ,/syy = 11.5 — 39 GeV

observed in STAR:

e \Weak dependence on collision energy

1 J 1 A A1 l
40 60

Centrality, %

V2 = k2£2

Indicate a dominated initial state
driven fluctuations o¢,

Provide constraints for IS models and
shear viscosity n(T/s)

How about v2 fluctuations at NICA energies?



v, fluctuations at «/SNN=7.7 - 39 GeV

Au+Au, charged hadrons, | < 1 Particles 2023, 6(1). 17°29;
a) Sy =77 GeV ") {5y = 11.5GeV O P =196GeV 1A 5 =27GeV (o) f5y=39GeV ]
L2r VAMPT, 0,=1.5mb 1 2 STAR data ¢ UrQMD
A DAMPT o, -0 8mb O vHLLE+UrQMD g SMASH
S é_ """" !i R T T T .
Z 1 . 9 ¥ g ® 3 B *
Sr1,0.8 1 * + & # T g g %1 x v -
>
| o 19
0.6F + + 1 + 1
1 1 1 1 1 L 1 1 1 | 1 1 1 1 " | : | " 1 1 L 1 L 1 L 1
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Centrality, %
> 0.2 | ' ; ' ' . .
[ O 3 o e At SNN>7.7 GeV pure string/cascade models without QGP
0.15 [~ v o ] phase underestimate v,
B e &Y ] e v, fluctuations observed in STAR can be reproduced by model
0.1 E = either with or without partonic phase description
I a B . . .
;— . s 1 o v, fluctuations dominated by ¢, fluctuations
0.05 g =1 . . ey .
i ¢ * AutAY, | /Sy = 7.7 GeV o v,{4}/v {2} direct probe for the initial state conditions
oLt . 10:40% protons ]
0 0.5 1 1:5 2 25

p,. GeVic What about v2 fluctuations at lower energies? 27



Methods for A measurements

e u uQ vectors: Uy ; = €™ = (cosnp;, sinnep,)

M
= Wjtin,
=1

e Event plane (EP) method: An=0.1 is applied between 2 sub-events A, B to suppress non-flow

(2

Qnsinn¥, =Q,, = E w; sinny;,

i

Q,L COS -n,‘ll,,l, = Qn:x — Zwi COS ny;, TPC(A) E TPC(B)

(it Qn ), i
v, = (tan Q—”) /. -1<n<-0.05 0.05<n<1

(U} = (s [ (" 20))) whore R, (Warnc) = /oosTn (T — T
R, {V,1pc}

e Scalar product (SP) method: o> {Q“ TPC) = < ?L(tf) *b(a)>/\/ (2 ()

38
EP method: Phys.Rev.C 77 (2008) 034904



Methods for A measurements

e Sub-event 2-particle Q-cumulants v2{2}: An=0.1 is applied between 2 sub-events A, B to suppress

non-flow
M ' Q * ,
Qn — 6znq§ <2> _ Ng ¥ n,
2 o = 33

va{2} =1/ (2))app

e 4-particle Q-cumulants v2{4}

Q.- M
(2) = M(M-1) ' ;.
<4> _ |Qn’4+‘Q2n|2_2%[Q2nQ;Q;] _4<M_2)‘Qn‘2—2M(M—3> il ; =
= M(M —1)(M —2)(M - 3) o :

v {4} = {/2.((2))° — ((4))

39
Method’s details described in PRC 83 (2011), 044913



vV, {4t/ v,{2, 2-subj

e O 9o
o N ©®

1.3

1.2

1.1

v, fluctuations at /SNN=5-11.5 GeV

al O L L P R IR AL R o BEEREE REEAS SR B SR o o M | T | T, 7 T s
- UrQMD, Au+Au, h* W F o 450G 60GeV o F o @
. 0.2<p.<3.0 GeV/c - & 70GeV @ 115GeV T 3
Fe =F T b il .
5 - | e 5
sy ooy e R T A, i P S fFrworonsoans e s o Tl =
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B Py S . ; & &b % i i A L = - ® h : x
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c e * I = ® - .
- ¢ I+ o ¥ — % E
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Centrality, (%)

v, fluctuations decrease with decreasing energy at NICA energy range at ,/syy = 4-11.5 GeV
The ratio v {4}/v,{2} has particle dependence
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Motivation for centrality determination

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

e Impact parameters (b) - one of the important collision parameters
o impossible to measure experimentally

e Goal of centrality determination: map (on average) the collision geometry parameters to
experimental observables (centrality estimators)

Spectators

,’I..i\
Centrality class S-S, W IR i
. . Sy IV . SN S S ‘~ X e N0 i s
group of events corresponding to a given Al + s ok ‘“.'.’-.;,. S li,‘;'f?:"'@}’.;‘}o'::?g‘ﬁ g
. . . W% \ 1 \ 1 WO/ 4 S SN PQEO0 .
fraction (in %) of the total cross section: AT A QDRECG SO0 DA 9%
AN \ ; 4
: v ._:_, \\ . /I % ¥
1 52 do- ~~~~~~~~~~ ":\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PRI CATEMERE o coevvveveeeenes
= — e ‘\ . ha!
CS O-AA S ds ds L) .,’ Participants
inel ¥ *°1 )Y
Before collision After collision
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dN/N

QA Run-by-Run: runs rejection | ¢ Zwecairuns

e Morethan 1trackin vertex reconstruction

Procedure:
e Averaged (or fit parameters) observables are calculated for each run
e the mean (1) and standard deviation (o) are calculated as a function of Runld

N Ry
= % Z Yi o = % ,wherei- Runld number and N - total numbers of runs
i=1

e beyond £30 away from global means - bad runs

-

2 100 s

Q B "

o - 2

= L 5

= 80 o

c = o

(1) = -

g 60 oy

a0 - -

20 —

Las sl sl le., Eaa (TRPEYN [PTRPTRIT CTUN CET U [P DTN M PPUPT [T
0 50 100 150 200 250 300 350 400 450 500 6800 7000 7200 7400 7600 7800 8000 8200 8400

N tracks beyond +3c: 8033, 8204, 8205, 8209, 8210, 8211, 8212, 8213 Run 19°



Mean Vix, (mm)
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Xe+Cs 3.8 GeV
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Event selection
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Centrality determination based on Monte-Carlo sampling of produced particles

For multiplicity

. of produced particles MC-Glauber Full Monte-Carlo (real
used in HADES, CBM, NA61/SHINE / distribution data) distribution
Get (b, Npan, N_,,) from MC-Glauber

Evaluate number of ancestors
(sources of produced particles)
N=fN__ +(1-f)N

Evaluate x?

between N/dNMC,data and N/dNGI

part coll

Scan phase space of parameters
Sample multiplicity of produced particles (S) N, times to find their values for minimum of 2
from NBD(y, k)

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

Result: total Stot

> Extract relation between geometry
parameters and centrality estimator
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MC-Glauber fit result Xe-Cs

Particles 2023, 6(2), 568-579;

dN/dN

E N, =N +(1-HN = 18
£ 6 2~ 1 coll - O Model E
5 10 E X?=1.3120.07; s i A MC-GI Ty = Xe+Cs, E =4.0 AGeV
- =y 0-10% _a 5
5 1=0.786293, i . C
10° &= Ay DCM-QGSM-SMM + Geant4 B2 10.40% _é 14 C T —
[740-80% v -
100 e 12 =
s 10 &= + +
g . }
f i 8 + *
10° %" 6 :_ + + *
i r *
10 i” 4 :_ + O Model
i i A MC-GI
i 2
. 1 %?. PR . P i L yon E
(] C — T
o012 4 O 0 0 1 B g 5 ] | 1 |
L kit ST ]
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e Centrality, %

Good agreement between model data and fit
Impact parameter distributions in different centrality classes reproduces ones from
DCM-QGSM-SMM



The Bayesian inversion method (-fit)

Relation between multiplicity N , and impact parameter b is defined by

the fluctuation kernel:

P(Neylcy) = W oh

Nk(cb)_le_n/B o’ <N¢-h>

=0 =const, | =
<Nth> 9

2 main steps of the
method:

b
c, = J- P(b"db' - centrality based on impact parameter
0

Mean multiplicity as a function of ¢, can be defined as follows:

3 .
<Nch> = Nknee exp[zajcli]
j=l

N/\'nw’ 09 a,‘ -5 pa rameters

1

Fit function for N, distribution:  P(Nc) =f P(N_.,lcp)dcy

b-distribution for a given NCh range: P(b|n; < Ny, < n,) = P(b)

0

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

Fit experimental (model)
distribution with P(N)

!

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

Jo? P (Nen|b)dN

Jo? P (Nen)dNop




I-fit result Xe-Cs

dN/dN,,

7
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Good agreement between model data and fit
Impact parameter distributions in different centrality classes reproduces ones from
DCM-QGSM-SMM



dN/dN,,

MC-Gl/Data

Centrality determination

107 ; O
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data/fit

Centrality determination after remove “pileup”

6 T f1 rrTrr1rrrrry 1 rrrr 1 o1 T = 66— rrrrrgrrrrr[rrrrr[rrrrr|yr 7| T T T_T
10 BM@N Run8, Xe+Cs(l), N =fN,+(1-)N_ %° 10° &= BM@N Runs, Xe+Cs(l), N =N, +(1ON_
& b £20.50, k=0.25, n=0.444, p=5.50%, x¥/ndf=0.425+0.028 Py £=0.40, k=0.28, n=0.422, p=0.30%, x¥/ndf=0.423+0.035
10° 10° &
. data = fit — . data - fit
104 : 104 I

single v pile-up single v pile-up

%
3 .
50 100 150 200 250 300 350 400 50100 750200 250 300 350400
Nch Nch
Change fit result
e f:05->04
o k:0.25->0.28 ) N , e
o 1:044->042 After pileup rejection the “pileup” events contribution is less 1%
e pileup:5.5%->0.3%
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MPD experiment at NICA

vVHLLE+UrQMD,

- OMD | 5 GEANT 4 —> Reconstruction [ Flow Analysis

Colliding system: Au-Au, Bi-Bi
Colliding energy: v/SNN= 7.7, 11.5, 9.2 GeV
Centrality determination: b-based

Track selection:

O

O

O

Yoke Eal TOF _~

N _ TPC>16

hits
IDCA| < 20
0.2<p,<3.0GeVic
In[<15

PID based on PDG-code

SC Coil
FD  TPC Cryosta

50



V, 14t/ v, {2, 2-sub}

v, {4t/ v,{2, 2-sub}

Relative v, fluctuations of |dent|f|ed hadrons
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