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OUTLINE

Why measure anisotropic flow?
Anisotropic flow (V,) and sQGP at RHIC/LHC

Elliptic flow results from Beam Energy Scan
(RHIC) and comparison with hybrid models

Outlook for flow measurements at NICA
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Anisotropic Collective Flow at RHIC/LHC

\ I/" "“*\

" | ) J
n=2 n=3 n=4

| dN
. {r'* cos n¢) + (+" sin n¢) ‘ —OC(].—FZZVn COS[H(¢—Tn)Jj
- ry d¢ =
Initial eccentricity (and its attendant fluctuations), €,
drives momentum anisotropy, v, , with specific viscous
modulation

v, - elliptic flow v, - triangular flow



Anisotropic Collective Flow at top RHIC / LHC
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V, (Pr centrality) - sensitive to the early
stages of collision.

Important constraint for transport
properties: EQS, 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



Beam-Energy Dependence of Elliptic Flow (v,)
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Hybrid models for anisotropic flow at RHIC/LHC
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https://github.com/yukarpenko/vhlle

Analysis method: Event plane method (n-sub)

STAR Phys. Rev. C 88 (2013) 14902
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The resulting values for event plane resolution for simulated events from hybrid
models: vHLLE+UrQMD and AMPT are close to STAR experimental data.




VHLLE+UrQMD: Elliptic
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Reasonable agreement between results of VHLLE+UrQMD model and published

BEM PHENIX data for 200 GeV including KET/nq scaling
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v, of (anti)protons at RHIC BES (/syy = 27 GeV)
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Difference between results from vHLLE+UrQMD model and data for protons and antiprotons
Model predicts that v, (protons) < v, (antiprotons) , data show v, (protons) > v, (antiprotons)

and the difference is growing with decreasing of collision energy.
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Model also predicts that v, (protons) < v, (antiprotons) ,

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



v, of protons and antiprotons at RHIC BES (/syy = 11.5 GeV)
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Elliptic flow: Models vs Data comparison for NICA energy range
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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 VHLLE+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 y—7-7-11.5 GeV and

models give similar v, signal compared to STAR data for Au+Au Vs, =4.5 GeV.
Thank you for your attention!



Anisotropic Flow in Heavy-lon Collisions:

1988

Provides reliable estimates of
pressure & pressure gradients

Can address questions related to
thermalization

Gives insights on the transverse
dynamics of the
Medium

Provides access to the transport
properties of the medium: EOS,
sound speed (c,), viscosity, etc

Plastic Ball Collaboration,
H.H. Gutbrod et al., Phys. Lett. B216, 267 (1989)

Fourier Expansion for azimuthal anisotropy,
Cheuk-Yin WONG , Physics Letters, 88B, p 39
(1979)
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Excitation function of differential elliptic flow
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