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Anisotropic Flow at RHIC-LHC
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Initial eccentricity (and its attendant fluctuations) ¢, drive

momentum anisotropy v, with specific viscous modulation
Gale, Jeon, et al., Phys. Rev. Lett. 110, 012302
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State-of-the-art modeling of HI collisions

m Data-model comparison via Bayesian inference to optimize

constraining power.
Only a subset observables is used

Model parameters: Observables v.s. centrality

Initial condition N, p, w, k, d
Early time dynamics 750, €p
Transport coefficients 7/s,(/s
Particlization prescriptions

Transverse energy

Charged particle multiplicity
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Flow harmonics vs, v3, v4

Charged particle (py) EbE fluctuation

Switching temperature T,
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m Detailed temperature dependence of viscosity!
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Major uncertainty: initial condition and pre-hydro phase
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Anisotropic flow in heavy lon colhsmns at high baryon densﬂy

M. Abdallah et al. STAR, Phys. Lett. B 827,137003 (2022) 0.20F ] [
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Anisotropic flow at FAIR/NICA energies is a delicate balance between:

l. The ability of pressure developed early in the reaction zone (t,x, = R/cs,cs = cy/dp/de) and
. The passage time for removal of the shadowing by spectators (t,qss = 2R/YcmBcm)



Elliptic flow at NICA energies: Models vs Data comparison

Au+Au at {s, = 7.7 GeV, 20-30%, ch. hadrons
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Pure String/Hadronic Cascade models give smaller v, signal compared to STAR
data for Au+Au Vs, =7.7 GeV and above



Anisotropic Flow at Nuclotron energies: Models vs Data
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at Vs, ~ 3-4.5 GeV pure hadronic models give similar v, signal compared to STAR data



The main source of existing systematic errors in v,, measurements
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The main source of existing systematic errors in v,, measurements is the difference between results
from different experiments (for example, FOPl and HADES, E895 and STAR) 8



RHIC BES programs

+ Data taking by STAR at RHIC: 3 < ,/syy < 200 GeV (750 < pg < 25 MeV)

R

«+ Limitations:

v" Au+Au collisions only
v' Among the fixed-target runs, only the 3 GeV data have full mid-rapidity coverage for protons (Jy| < 0.5),

Au+Au Collisions at RHIC
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s Avery impressive and successful program with many collected datasets, already available and expected results



STAR preliminary results from BES — Il program
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Vn of protons in Au+Au collisions at 2.4 GeV - HADES
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Describing proton flow is not enough

Prog.Part.Nucl.Phys. 134 (2024) 104080
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Strange baryons are not well described
— the results may depend on:
* nucleon-hyperon and hyperon-hyperon

interactions

* in-medium modifications of interactions

Pions and kaons NOT described!
Not very surprising: UrQMD, JAM, and SMASH
don’t have mean-fields for mesons
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Collision energy dependence of directed flow dv,/dy|,,
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Please see Mikhail Mamaev talk at Nucleus-2024 — 03/07//2024
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MPD in Fixed-Target Mode (FXT) vs BM@N

0 BM@N RP

MPD-FXT g - Bi+Bi@1.45A GeV
n=0 0.6 — 0.5<b'<1.0; 0.7<p T<1 .3 (GeV/c)
50, = 0 4 : ® MPD-FXT F3(Tp,F1)
| n= 1.6 :
0.2

ik
i
-
U
~
-]
o

o o R g

1 02l
14 ‘ R -FHCul -
s ll = 0.4
! 0.6
g —-- - _" —; o c_rm _I L L L I L 1 L L I L L L L I L L 1 L I L L L L I L 1 L L
-1.5 -1 -0.5 0 0.5 1 y1 5

Please see Pater Parfenov talk at Nucleus-2024 — 02/07//2024
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Summary and outlook

Measurements of anisotropic flow, flow fluctuations, correlations between flow of different
harmonics are sensitive to many details of the initial conditions and the system evolution. It may
provides access to the transport properties of the medium: EOS, sound speed (cs ), viscosity, etc.

v, at NICA energies shows strong energy dependence:
> At \/sNN:4.5 GeV v, from UrQMD, SMASH, JAM are in a good agreement with the experimental

data
. At Vs, 27.7 GeV UrQMD, SMASH underestimate v, — need hybrid models with QGP phase

. Feasibility study for anisotropic flow in MPD/MPD FXT/BM@N:

. Programs for flow analysis are available for MPD/BM@N collaboration — first flow results from
BM@N will come very soon
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