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Motivation of elliptic flow fluctuation study

Vo {4}/Vvo{2) = 1: small v, fluctuations ‘4
Vo{4}/vo{2) « 1: large v, fluctuations
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Centrality, % e Indicate a dominated initial state driven
o V2 fluctuations at 4 /sy =11.5 — 39 GeV fluctuations o,

observed in STAR: © Provide constraints for IS models and shear

» Weak dependence on collision energy viscosity n(17s)

How about vz fluctuations at NICA energies”
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Q-cumulants v, { QC} methods

o 2-particle Q-cumulant: Ay = 0.1 is applied between 2 sub-events A and B to suppress

non-tlow
V1 P2 M : | a )b*
A ;” Aﬁ Qn = Zem% <<2>>a|b — %6{;{) v2{2} = \/<<2>>a|b
j=1 “

e 4-particle Q-cumulants
QT —M (@l +Qan|” — 2Re[Q2n Q5 Q] — 4(M — 2) |Qn|” — 2M (M — 3)

(2 M(M - 1) (4 M(M —1)(M —2)(M — 3)

o {4} = /2(2) - ()
e 6-particle Q-cumulants (see PRC 83 (2011), 044913 for formula of (6))

a6 = {172 (406)) ~ 9404 ((2)) + 12((2))°)

Method’s details described in A. Bilandzic et al, PRC 83 (2011), 044913
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Sensitivity of v,{ QC} to flow fluctuations and non-flow

SIS |

II Vo {4}/Va{2} = 1: small v, fluctuations |

L | _ | Val4}/Vva(2)} < 1: large v, fluctuations |

o Non-flow contribution for k-particle cumulants: &, ~ 1/M*~! I B — ]

@\ 02 T T T T T | T T T T | T T T T | T T T T

2 = i AMPT SM o =0.8 mb, Au+Au

o 2 [2\ I ] : -

» Elliptic flow fluctuations: 6% = (v3 ) — (v, ) : 277 eV, 10405
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e Assuming 0,, K <v2>, fluctuations enhance v2{2} and e -
e i4) -
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v2{2} > vo{4}
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Models & statistics

Au+ AU min. blas
e Without QGP phase e With QGP phase
» UrQMD v3.4 (cascade) » VHLLE-+UrQMD

o /Sy =4.5GeV: 115M

o SNN — 77, 115 Ge\/ 27'\/'
o SNN — 77 GeVZ 88M

» AMPT SM 0, = 0.8 mb
® A /SNN — 115 Gev: 5OM

» SMASH v1.8 o \/Syy=7.7GeV: 72M
o +/Syy=45—11.5GeV: 64M . /S = 11.5 GeV: 35

y AMPTSM . =0
P » AMPT SM 6, = 1.5 mb

o SNN — 45, 77 Ge\/ 120'\/'

» JAM v1.90597 (cascade)
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Vo fluctuations at
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> 02 :—o— STIAR. Phys.newlf.c;sa (2016)I | i
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0.15  —*— uramp * .
T 5 smash $ l: phase underestimate vz
® . Ky
0.1 - ot g - ® Vo fluctuations observed in STAR can be reproduced by model
« either with QGP phase or without QGP phase
o A
0.05 — n : : :
: $  AUFAU y/Syy = 7.7 GeV » V2 fluctuations dominated by &, fluctuations
] . 3[ 10-40%, protons . . "
0 T » vo{d}/vo{2}: direct probe for the initial state conditions
P GeV/c
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Svv = 7.7 — 39 GeV

Au+Au, charged hadrons, ml < 1
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Relative vo fluctuations of charged hadrons

- Va{4}/Va{2) = 1: small v, fluctuations |

M Vo{4}/Va{2} « 1: large v fluctuations |
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Relative vo fluctuations of iIgentified hadrons
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Centrality, %

Row - same model, columm - same colliding energy

o V,{4}/v,{2} =~ 1 for protons in
0-40% predicted by UrQMD, AMPT

o \Weak dependence on particle
Species (protons, pions, )
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Relative vo fluctuations of iIgentified hadrons

Au+Au, 10-40%
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1
P GeV/c

Row - same model, columm - same colliding energy
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® V2{4}/V2{2} ratio In 10'40% MIa-
central Au+Au collision:

» A/ Svy = 7.7, 11.5 GeV: weak

PID/p

-dependence

» 1/ Syy = 4.5 GeV.: zero relative

fluctuations for proton in AMPT



Skewness of vo fluctuations

Au+Au, h™, 0.2 < p.<3.0GeV/c
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Skewness of vo fluctuations

~ 0.1 T | |
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MPD experiment at NICA

®
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| WRMD o
i

Colliding system: Au-Au

Colliding energy:

Centrality determination: b-based

Event plane: W gcq @and Wy tpe

Track selection:

4

4

4

NIPC < 16

hits

|IDCA| < 20

0.2 < p;r<3.0GeV/e

In| < 1.5
PID based on MpdPid

Syv = 7.7, 11.5 GeV

- GEANT4 51" ; Reconstruction 1 l Flow Analysts J{

Multi-Purpose Detector at stage 1
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Performance of proton & pion vz in MPD

UrQMD, Au+Au, 10-40%, reconstructed (GEANT4)

< 0 1 (a) Vz{ y1 (b) V2{2} (c) Vz{qu TPC}__ (d) gp{Qz,TPC}__ (e) Vz{‘Pl,FHCal}_
A Ysyn=7.7 GeV . i . 2 i . 2 o
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Good agreement of vo from reconstructed and generated data for all particle species and methods
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Conclusion

@ Models with & without QGP predict similar magnitude for vo fluctuations at

» Ve fluctuations are mainly driven from &, fluctuations

o UrQMD, AMPT, SMASH models predict zero vz fluctuations for protons in
0-40% Au+Au collisions at 4 /syny = 4.5 GeV

© AMPT predicts a negative skewness of P(vo) for 20-40% Au+Au collisions

® V2 Of pions and protons from MPD reconstructed and generated data are in a
good agreement

Thanks for 5our attention!
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Back-up slides
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vo{4}/v2{2} for proton
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| Inear & cubic response terms

e Good agreement for 5-30% centrality

2.2
» Fluctuations dominates in central collisions v I I linlear+culbic —
5 | ~ linear, Glauber .
e,{4} v,{4) o, linear, IP-Glasma v
V) = ke o — <A ATLAS data
{2} wi2} F = N .
A o
€ {4} v {4} st 10 F \V -
2{2} 2{2} for 35-70% 2 \ e
E V P ®
2 2 14 - ¢TI
» Large non-flow contribution for vo{2} {9 , , , , ,
) 10 20 30 40 50 60
| 52{4} V2{4} . :
. Vo = K6 -|- Kz | gz ‘ centrality percentile
' &{2) Vz{2}
cubic response term Figures from PRC 93, 0714909 (2016)

@ The linear response coefficient k, decreases & cubic response
coefficient k, increases with centrality

Ko ano Ko’ contain n/s
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