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Anisotropic Flow at RHIC-LHC

- - P
\ \ {
> A
f N A
~ -

N /

n=2 n=3 n=4
€ = \jw cos "‘f’i;;"" Sinng)  m—) 3—'; o (1+ ngn cos n(p—¥, )]j

Initial eccentricity (and its attendant fluctuations) ¢, drive
momentum anisotropy v, with specific viscous modulation
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System size scan at top RHIC energy
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System size scan at top RHIC energy
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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
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Early time dynamics 750, €p
Transport coefficients 7/s,(/s
Particlization prescriptions

Transverse energy

Charged particle multiplicity

7w/ K [p yield

n/K[p (pr)

Flow harmonics vs, v3, v4

Charged particle (py) EbE fluctuation

Switching temperature T,

\

m Detailed temperature dependence of viscosity!
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Major uncertainty: initial condition and pre-hydro phase



M. Abdallah et al. STAR, Phys. Lett. 8827 137003 (2022)
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Anisotropic flow in heavy lon colhsmns at high baryon densﬂy
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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)




Anisotropic flow in Au+Au collisions at Nuclotron-NICA energies
Particles 6 (2023) 2, 622-637
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Anisotropic flow at FAIR/NICA energies is a delicate balance between:
I The ability of pressure developed early in the reaction zone (tex, = R/cs,¢s = cy/dp/de) and
. The passage time for removal of the shadowing by spectators (t,qss = 2R/YcuBem) 8



Elliptic flow: transition from out-of-plane to in-plane: geometry

P. Parfenov, Particles 5 (2022) 4, 561-579 A.T Czech.J.Phys. 50S4 (2000) 139-166
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Elliptic flow: transition from out-of-plane to in-plane: PID

Li-Ke Liu (CCNU), STAR Collaboration, CPOD 2024 A.T Czech.J.Phys. 50S4 (2000) 139-166
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HADES wonk in Progress AU+AL Yy = 2.4 Gav
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Decoding the flow evolution using hadron V;- V, correlations and dileptons
Tom Reichert et al., Phys.Lett.B 841 (2023) 137947

Vo

0.1

0.0

-0.1

—-0.2

—0.10

—0.15

—0.20

—0.25

—0.30

—0.35

—0.40

—e— Full system
—a— Emitted

e~ —0.03}
>

0.10

e
=}
@

0.06

/N dN/dt [fm~1]

- Decoupling nuc

—— Emitted di-leptons

leons

50

Di-leptons {(|y| =0.5):

— = M=150 MeV
—— M=600 MeV

Au+Au (UrQMD v3.5)

Eap= 1.23A GeV |

6.6 =b=8.1fm
CMF EoS

\ -
Y -
—0.06} by A
) S
\ .-y
_o.0s} X, R
RV T,
I ooy
—0.12| Hadrons (ly] =0.2): \;“-£ 1
-& Protons
-4~ Plons
—015F PI770)
0.0 0.2 0.8 1.0

0.4 0.6
pr [GeV]

Use dileptons as independent probe to observe the early expansion of the matter
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Rapidity dependence of v2 and EOS

HM — stiff momentum dependent with
K=376 MeV
SM - soft momentum dependent with
K=200 MeV
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Directed flow of protons:
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Collision centrality issue
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drastically different N, distributions.

The impact parameter b and the number of charged particles N, are much more correlated and give an almost model

independent centrality estimator.
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MC-Gl/Data

Collision centrality: different estimators
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Finite-Size Effects and search

for CEP

In HIC, both the size (L) and duration
of formed system are finite.

Critical behavior changes with L

1000

v L

If the L is too small, the correlation
length § can not be fully
developed to cause a phase

transition. 10

~[T-T,]" <L
if the correlation length
the finite-size effect is not negligible
and only a pseudo-critical point,
shifted from the genuine CEP, is
observed.
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positions & widths with L

v" Finite-size effects have a specific dependencies

on size (L)

v" The scaling of these dependencies give access to the

CEP’s location, it’s critical exponents and scaling
function.



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 energies 2.5-11 GeV (SIS, STAR BESII, NICA, FAIR) shows strong energy
dependence: possible transition between hadronic and partonic matter.

System size scan is very important in order to understand the effect of spectators on the
experimental observables

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

Programs for flow analysis are available for MPD/BM@N collaborations — first preliminary flow
results from BM@N will be published soon.

18



Backup

19



vV, Flow at SIS-AGS: scaling relations
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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.NuclPhys. 134 (2024) 104080
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« in-medium modifications of interactions 22
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