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Anisotropic Collective Flow at top RHIC / LHC

Initial eccentricity (and its attendant fluctuations) ¢, drive
momentum anisotropy v, with specific viscous modulation
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V, (pr centrality) - sensitive to the early
stages of collision.

Important constraint for transport
properties: EOS, n/s, {/s, etc.

A of identified hadrons:

Mass ordering at p; < 2 GeV/c
(hydrodynamic flow, hadron rescattering)

Baryon/meson grouping at p; > 2 GeV/c
(recombination/coalescence),

Number of constituent quark (NCQ)
scaling

No difference between particles and
antiparticles



Hybrid models for anisotropic flow at RHIC/LHC

1) UrQMD + 3D viscous hydro model vHLLE + UrQMD S R
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https://github.com/yukarpenko/vhlle

VHLLE+UrQMD: Elliptic and triangular flow in Au + Au collisions at 200 GeV
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Reasonable agreement between results of VHLLE+UrQMD model and published PHENIX



VHLLE+UrQMD: Scaling of elliptic and triangular flow at top RHIC energy
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of charged mesons in Au+Au collisions at /syy = 27 GeV
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v, of identified charged hadrons in Au+Au collisions at
VSyn = 27 GeV: AMPT vs Data

STAR data: Phys. Rev. C 93 (2016) 14907
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KE;/n, scaling: hybrid models
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Initial conditions: model UrQMD

QGP phase: 3D viscous hydro (VHLLE) EOS (XPT)

Hadronic phase: model UrQMD

energy nuclear collisions. (v1.26t9b/v2.26t9b)
Initial conditions: model HIJING

QGP phase: Zhang’s parton cascade for modeling
partonic scatterings

Hadronic phase: model ART
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Physical Review C 72, 064901 (2005).
10




i L
025 |
0.15 |

0.05 |

Elliptic flow: protons vs. antiprotons

0.2t

01 F

------------------------------
- proton Au+AU fF =115 GaV, 10-40% (al]
STAR Data, Phys. Rev. C 93 (2016) ]
-= antiprotons t:
4 ]
s 4 ]
. ]
- - .
LY
.
L . ! .
* 0
N
- =}
=]
o
..............................
0.5 1 1.5 2 25 3
p.. GeV/ic

015 ¢

0.05 |

025 f

0.2

0.1F

"""""""""""""""""""
Au+du B =115 GeV, 10-40%. (b)_]
—u poto Vi © o | ~
vHLLE+UrGMD, XPT EoB,n's=0.2 ]
= antiprot ]
™
- o 5 -]
o
-
- . -
O .
- - -]
e ]
o By b by b by |

0.2}

015

0.05 |

025}

0.1F

Au+hu 5 =11.5 GeV, 10-40%,  {c]
=i proto Uk ]
- antiprotons J:
- N

T )
I S

N 1
- : .

i
N L
W] 0.5 1 1.5 2 2.5 3
P GeV/c

* Both VHLLE+UrQMD and UrQMD predict v, (p) < v, (p) but
experimental data shows v, (p) > v,(p)

11



Elliptic flow: protons vs. antiprotons
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Elliptic flow at NICA energies: Models vs Data comparison
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Elliptic flow at NICA energies: Models vs Data comparison

Au+Au at sy, = 7.7 GeV, 20-30%, ch. hadrons

Au+Au s, =7.7 GeV, 10-40%, protons
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Elliptic Flow at /syy = 3 GeV . interactions with spectators

Disappearance of partonic collectivity in /syy = 3 GeV Au+Au collisions at RHIC
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a delicate balance between (i) the ability of pressure developed early in the
reaction zone and (ii) the passage time for removal of the shadowing by 16
spectators




Elliptic Flow at /syy = 3 GeV . interactions with spectators

Disappearance of partonic collectivity in /syy = 3 GeV Au+Au collisions at RHIC
STAR: https://arxiv.org/abs/2108.00908
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Summary

. We performed a high statistics simulations with hybrid models (VHLLE+UrQMD
and AMPT) for several points in collision energy from RHIC BES program.

. The events were analysed in a similar way as the real experimental data and
results were compared with STAR published resuls of v2 for charged pions, kaons
and (anti)protons.

. The results from vVvHLLE+UrQMD model are in a better agreement with
experimental data than for AMPT ( tunning of the input parameters?)

Both models in the present configuration fails to reproduce the difference between
elliptic flow signal of particles and antiparticles: models predict

that v, (protons) < v, (antiprotons) , data show v, (protons) > v, (antiprotons)

Model/Data comparison for NICA energy range ( 4-11 GeV):

Pure String/Hadronic Cascade models (no QGP phase) give smaller v, signal
compared to STAR data for Au+Au \/s —7-7-11.5 GeV and

models give similar v, signal compared to STAR data for Au+Au \/SNN:4.5 GeV.

v, signal of produced particles from Au+Au at \/SNN:3.O GeV is negative — strong
interactions of produced particles with spectators

Thank you for your attention!



