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HEAVY ION PHYSICS
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Exploring Phases and Structures of 
QCD phase diagram

– High temperature T
– High density e
– Many-body aspects QCD
–Vacuum properties
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AIMS AND GOALS                          

2. Equation of State

3. Anisotropic flow

4. Shear viscosity

5. Deep Learning

6. Vorticity

7. Hyperfragments

8. Models: 3FD, UrQMD, DCM, QGSM, SMM

1. Rel. to Equilibrium



PRE-EQUILIBRIUM: HOMOGENEITY OF
BARYON MATTER

The local equilibrium in the central zone is quite possible

L.Bravina et al., PRC 60 (1999) 024904





STATISTICAL MODEL OF IDEAL HADRON GAS
input values                            output values

Multiplicity 

Energy

Pressure

Entropy density



1.  RELAXATION TO EQUILIBRIUM

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



1.  RELAXATION TO EQUILIBRIUM
Pressure evolution Pressure vs energy density

L.Bravina, E.Z., EPJA 56 (2020) 253 



2.  EQUATION OF STATE
Time evolution of various quantities in central area of Au+Au collisions

in 3FD with 2 EOS:
X-over and first-order PT

Yu.Ivanov, A.Soldatov, PRC 101 (2020) 024915 



2.  EQUATION OF STATE
Pressure vs baryon density Baryon density vs collision energy

Yu.Ivanov, A.Soldatov, PRC 101 (2020) 024915 



3. ANISOTROPIC FLOW IN NON-CENTRAL 
COLLISIONS



3.  ANISOTROPIC FLOW 
Directed flow of protons                   Directed flow of charged pions                            

L.Bravina et al., Universe 5 (2019) 69



3.  ANISOTROPIC FLOW 

G.Eyyubova et al., work in progress 



4.  SHEAR VISCOSITY 

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



BOX WITH PERIODIC BOUNDARY CONDITIONS
M.Belkacem et al., PRC 58, 1727 (1998)

Test for equilibrium: particle yields and energy spectra

Model employed: UrQMD
55 different baryon species 
(N, ∆, hyperons and their
resonances with
m ≤  2.25 GeV/c2 )
32 different meson species
(including resonances with
m ≤  2 GeV/c2 ) and their
respective antistates.
For higher mass excitations
a string mechanism is invoked.

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.



4.  SHEAR VISCOSITY 

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



Proton distributions 

5.  DEEP LEARNING 

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

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



5.  DEEP LEARNING 

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

Validation accuracy during 5000 epochs of training for different training data
fractions and optimisers in UrQMD generated Au+Au central collisions at 11 GeV 



6. VORTICITY AND HYPERON POLARIZATION   

(see talk by Yu. Ivanov)                            

Yu. Ivanov, V. Toneev, A. Soldatov, 
PRC 100 (2019) 014908



7. DCM-QGSM-SMM AND HYPERFRAGMENTS   

(see talk by G. Musulmanbekov)                            

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