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Relaxation to equilibrium at NICA: 

hydro-like behavior, EOS and 
shear viscosity-to-entropy ratio  



  

                                                        



 
 



 
 

Number of variables – 6 
 
Number of equations – 4 
 
Missing  equations:  
 

(1) EOS, that links energy density and pressure 

(2) 



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 



Kinetic Equilibrium 

                      

       
 Isotropy of pressure 

  

Pressure becomes isotropic  
for all energies from 11.6 
AGeV to 158 AGeV 

  L.Bravina et al.,  
PRC 78 (2008) 014907 



Thermal and Chemical Equilibrium 

                      
 Boltzmann fit to the energy spectra       Particle yields 

  

Thermal and chemical equilibrium seems to be reached 

 P
R

C
 7

8 
(2

00
8)

 0
14

90
7 



Equation of State in the cell 

                      
    pressure vs. energy 

  

sound velocity 

P/ε = const  very early (!) 



   

Conclusions (part 1) 
•  MC models favor early pre-equilibration of hot and dense 

nuclear  matter already at t ≈ 2 fm/c 
•  After that the expansion of matter in the central cell 

proceeds isentropically with constant  s/ρB (hydro!)   
•  The EOS has a simple form: P/ε = const  (hydro!) even at 

far-from-equilibrium stage   
•   The speed of sound C2

s  varies from 0.12 (AGS) to 0.14 
(40 AGeV), and to 0.15 (SPS & RHIC) => saturation 

•  Good agreement between the cell and box results     



  

                                                        



  

                                                        



  

                                                        



  

                                                        



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.  

 



 Box: particle abundances 

                      
      

 M.Belkacem et al., PRC 58, 1727 (1998) 

Saturation of yields after a certain time. Strange hadrons are 
saturated longer than others (at not very high energy densities) 

L.Bravina et al., PRC 62, 064906 (2000) 



BOX: ENERGY SPECTRA AND MOMENTUM 
DISTRIBUTIONS 
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Nearly the same temperature and complete isotropy of  dN/dpT 

Fit to Boltzmann 
distributions ~exp(-E/T) 

Fit to  Gaussian 
distributions   
~exp(-p2/2mT) 



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        
Entropy density of nonequilibrium state 

Entropy density 

Microscopic distribution function 



  

                                                        



  

                                                        



  

                                                        



  

                                                        



  

                                                        

     Reliability of obtained results 
Central cell: comparison to 
chemical freeze-out conditions HRG model 

G.Kadam, S.Pawar, 
arXiv:1802.01942 [hep-ph] 



  

                                                        


