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2. Equation of State
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PRE-EQUILIBRIUM: HOMOGENEITY OF
BARYON MATTER

L.Bravina et al., PRC 60 (1999) 024904
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The local equilibrium in the central zone 1s quite possible




Equilibration in the Central Cell

2Ry Kinetic equilibrium:
/\ /\ Isotropy of velocity distributions
/ \ Isotropy of pressure
LAY
\/ \/ Az

Thermal equilibrium:
t"° = 2R/(y_ B.,.) 9> t7° + Az/2B ) Energy spectra of particles are
described by Boltzmann distribution
L.Bravina et al., PLB 434 (1998) 379;
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Chemical equlibrium:
Particle yields are reproduced by SM with the same values of ( 1 1, IS ):
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STATISTICAL MODEL OF IDEAL HADRON GAS

Input values output values
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I. RELAXATION TO EQUILIBRIUM
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Dependence of ¢, pg, ps (from cell) and of T, ug, s (from SM) on t.qy

E.Z. et al., arXiv:2002.05181 {nucl-th} (NPA, in press}




I. RELAXATION TO EQUILIBRIUM

Pressure evolution Pressure vs energy density
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2. EQUATION OF STATE

Time evolution of various quantities in central area of Aut+Au collisions
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Yu.Ivanov, A.Soldatov, PRC 101 (2020) 024915




2. EQUATION OF STATE

Pressure vs baryon density Baryon density vs collision energy
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3. ANISOTROPIC FLOW IN NON-CENTRAL
COLLISIONS

Flow Decomposition:

Reaction Plane

X (directed or *X

bounce-off flow) i Transverse f|0w — Radlal
+ Bounce-off + Squeeze-out

R N
B w0 _, { P,
I3

= 7 S. Voloshin and Y. Zhang, ZPC 70 (1996) 665
i Modern analysis:
/ Transverse flow =
L L Radial + Directed + Elliptic + ...
{isotropic} {anisotropic}

|off plane squeeze-out|

d3N 1 d2N >
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[o# plane squeeze-out| E"iptic ﬂOW:

Directed flow:

vi= (22 = (cos (@) (cos (24'))




3. ANISOTROPIC FLOW

Directed flow of protons

Directed flow of charged pions

V2, S+, 0-10% centrality, Vs=11.6, 7.7, 3.5 GeV v}, $+8, 0-10% centrality, Vs =11.6,7.7,3.5 GeV
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3. ANISOTROPIC FLOW
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UrQMD simulation, collective flow

Mid-central AuAu collisions
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UrQMD hybrid mode with crossover describes STAR data for pions, while UrQMD in hadronic cascade mode describes protons and K*

G.Eyyubova et al., work in progress




4. SHEAR VISCOSITY

Green-Kubo: shear viscosity 77 may be defined as:

1V [ TV

() = 5 [ delr (O)7 (t0)e = {7 (10) 7 ().

where

()7 () = = = lim ! T At (¢4 ) 7 (¢

(r 2l | aew (e ) 7 (¢)
= (7 (to) 7 (to)) exp (—t;t")

with

(1) = & > p’(z_)(lz’)(t)

particles

to: initial cut-off time to start with

M.Teslyk, E.Z. et al., PRC 101 (2020) 014904




BOX WIT

PERIODIC BOUNDARY CONDITIONS

Initialization: (i) nucleons are uniformly

distributed in a configuration space;
(ii) Their momenta are uniformly
distributed in a sphere with random

radius and then rescaled to the desired

energy density.

Model employed: UrQMD
S5 different baryon species
(N, A, hyperons and their
resonances with

m < 2.25 GeV/c?)

32 different meson species
(including resonances with
m < 2 GeV/c? ) and their
respective antistates.

For higher mass excitations
a string mechanism is invoked.

Test for equilibrium: particle yields and energy spectra




4. SHEAR VISCOSITY

Dynamics of 77/ssp in cell
as function of time, T, ug, us

M.Teslyk, E.Z. et al., PRC 101 (2020) 014904
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5. DEEP LEARNING

1.0 Soft EoS 0 Hard EoS

Proton densities for (a) soft and (b) hard potentials from a single UrQMD generated
AutAu collision at 11 GeV

Yu.Kvasiuk, E.Z. et al., JHEP 7 (2020) 133




5. DEEP LEARNING
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Validation accuracy during 5000 epochs of training for different training data
fractions and optimisers in UrQMD generated Au+Au central collisions at 11 GeV
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6. VORTICITY AND HYPERON POLARIZATION

(see talk by Yu. Ivanov)
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Yu. Ivanov, V. Toneev, A. Soldatov,
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7. DCM-QGSM-SMM AND HYPERFRAGMENTS

(see talk by G. Musulmanbekov)
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Fig. 1. Mean multiplicities of light fragments and hyperfragments formed due to the coalescence
mechanism at the AGS and NA49 energy range compared with NA49 data [16] on deuteron and

*He.

M. Baznat, A. Botvina, G. Musulmanbekoyv et al.,
PEPAN Letters 17 (2020) 303
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