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Dependence of elliptic flow on centrality

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

« Centrality procedure maps initial geometry parameters with
measurable quantities (multiplicity or transverse energy of
the produced particles)

* This allows comparison of the future MPD results with
the data from other experiments (STAR BES,
NA49/NA61 scans) and theoretical models
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MC-Glauber based centrality framework

MC Glauber data

Evaluate N_:

N, = fN_ +(1-HN

coll

Call
NBD(u,k) X N_
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This centrality procedure was used in CBM, NA49

, and NAG61/SHINE:

I. Segal, et al., J.Phys.Conf.Ser. 1690 (2020) 1, 012107
Implemantation for MPD: https://github.com/FlowNICA/CentralityFramework

P. Parfenov, et al., Particles. 2021; 4(2):275-287

Build multiplicity
fitting function

Input multiplicity
distribution

NBD — negative binomial distribution

Parameters of the fit:

Minimize ¥ to find
f, u, K

.f — fraction of the production from the soft component

.M — mean multiplicity value

.k — width of the multiplicity distribution, can be connected to the

fluctuations



https://github.com/FlowNICA/CentralityFramework

The Bayesian inversion method (I'-fit): main assumptions
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Reconstruction of b

Normalized multiplicity distribution P(N )
1

P(Nen) = f P(Nenlcy)des
0

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

fnz P (blNch)chh

nq

’ f:lz P (Nch)chh

* The Bayesian inversion method consists of 2 steps:
-Fit normalized multiplicity distribution with P(N )
—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 in MPD: https://github.com/Dim23/GammaPFit
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https://github.com/Dim23/GammaFit
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Results of the multlplluty fits
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Good fit quality for both methods
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The fluctuation of impact parameter
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To estimate impact parameter fluctuations, its variance was
calculated for each multiplicity bin with a given width, where

M-number of events.

M -
o2 = Sb(b)?

The classic Bayesian approach poorly describes impact
parameter fluctuations for peripheral collisions

This phenomenon may be due to the linear dependence of
the variance on the multiplicity, and we will show that the

new parametrization better describes this relation

((Nch (Cb)> - (Nch(0)>)2
(Nch (O)>2

05 (Co) = o5y, (0) | 1=



The charged particle multiplicity fluctuations in different
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New parameterization(blue line) better describes model data.
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The charged particle multiplicity fluctuations in different
model at 7.7 GeV
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New parameterization(blue line) better describes model data.

11



aﬂmf cm“{ﬂj

The charged particle multiplicity fluctuations in different
model at 11 GeV
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New parameterization(blue line) better describes model data.
The best agreement is observed for all models at 7.7 GeV
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P(b)

1.2

0.8

0.6

0.4

0.2

Impact parameter distributions for 4.5 GeV

0 Model
® I-Fit

& T-Fit new

10-20 %

Au+Au ,|s,,=4.5 GeV

AMPT SM, ¢,=1.5 mb

60-70 %
30-40 %

1.2

0.8

0.6

0.4

0.2

Au+Au s, =4.5 GeV

O Model
® I-Fit DCM-QGSM-SMM
& [-Fit new 60-70 %
30-40 %
»
10-20 % ®,
*®
N
LY H;l .
Al
& ﬁé £,
k]
F% §% 83
I & E - =] =
d i t g we o
g ® g ¥
W ] L]
35 %4
i 4 5 % 3°
5 3 -

P(b)

1.2

0.8

0.6

0.4

0.2

—

O Model
e I'-Fit

& [-Fit new

Au+Au s, =4.5 GeV

UraMD
60-70 %
30-40 %
10-20 % .
’
- N ¢
* .. .
PO
(]
M0 B
?
4 5 45 %
5 g a IS
0 ® 3
% o W s,
> T2 o
[]
b % g
SR TR

The new parametrization gives better agreement with data from the model.
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The new parametrization gives better agreement with data from the model.
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Impact parameter distributions for 11.5 GeV
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The comparison of impact parameter fluctuation
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The new parametrization gives better agreement with data from the model. 16



(b)

The comparison of impact parameter fluctuation
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The new parametrization gives better agreement with data from the model.
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The comparison of impact parameter fluctuation
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The new parametrization gives better agreement with data from the model. 18



Summary and outlook

* The new parametrization gives better agreement with data from models for

particle multiplicity fluctuations.
* The multiplicity fluctuations are associated with impact parameter fluctuations

* For a better description of impact parameter fluctuations, it is necessary to use

the energy-dependent parameterization

» To study of the effect of a new parametrization on the determination of centrality

using the transverse energy distribution.
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Thank you for your attention

20



<b>, fm

Fit/Model

The comparison of impact parameter fluctuation

18

distributions for two methods

16

14

12

10

L]

O Model
® TI-Fit

& T"-Fit new

Au+Au ,|s  =7.7 GeV
AMPT SM, 6,=1.5 mb

0.9

[#3]
II|||||[||||||||III|III|III|III|III|III|III|III|III

%
.
.
’
'

coro Ly b oy
40 60 80

o

o
{on]

100

Centrality, %

G, fm

Fit/Model

2
: O Model Au+Au s =7.7 GeV
L ® I -Fit AMPT SM, 6,=1.5 mb
— & T"-Fit new
1.5—
T
1 I
| O
L @ U
L ] O '
— [l 0 &
L L ] Fy 4 ®
0.5— * o+ s s °
0 _ | | 1 | | | | | | | | | | | | | |
1:" & AT F RREEEEL 7 bbb bbbkl
B ™ 4 A
0.8 . L s
B » ™
B L ]
0.6~ oo b b o by
0 20 40 60 80 100

Centrality, %

The new parametrization gives better agreement with data from the model.
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The comparison of impact parameter fluctuation
distributions for different methods
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The new parametrization gives better agreement with data from the model. >4



The comparison of impact parameter fluctuation
distributions for different methods
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The new parametrization gives better agreement with data from the model.
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The comparison of impact parameter fluctuation
distributions for different methods
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The new parametrization gives better agreement with data from the model. o6



The comparison of impact parameter fluctuation
distributions for different methods
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The new parametrization gives better agreement with data from the model.
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The comparison of impact parameter fluctuation
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The new parametrization gives better agreement with data from the model. 58



The comparison of impact parameter fluctuation
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The charged particle multiplicity fluctuations in deferent

model at 11 GeV
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New parameterization(blue line) better describes model data in peripheral
collisions but worse in central collisions than classic method .
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