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Early equilibration, phase  
diagram and freeze-out in 

relativistic heavy-ion collisions   



  

                                                        

  QCD phase diagram 



  

                                                        

Particle production in string models  



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 



Equation of State in the cell 

                      
    pressure vs. energy 

  

P/ε = const  very early (!) 

             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  



  

  
Space-time freeze-out 

of hadrons  
 



p Λ 

 π  K  

Mesons are frozen earlier than baryons  



Different 
particles  
are frozen at 
different  
space – times  
with different 
values of  
T-µB-µS 
  



  

                                                        



  

Consequences of the different  
space-time freeze-out: 

-   Difference in Polarization  
    for lambdas and antilambdas 

 

arXiv: 1910.06292 



  

                                                        



  

                                                        



  

                                                        



  

                                                        

Vorticity in microscopic model 



  

                                                        

Backup slides 



  

                                                        



  

                                                        



  

                                                        



   

Conclusions 
•  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   
•  The EOS has a simple form: P/ε = const  even at far-from-

equilibrium stage   
•   There is no sharp freeze-out of hadrons in microscopic 

models. Mesons are frozen earlier than baryons 
•   Freeze-out of Λ and anti-Λ is different in space and time. 

Emission takes place from areas with different vorticities 
•  Good agreement with the experimental data     
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Number of variables – 6 
 
Number of equations – 4 
 
Missing  equations:  
 

(1) EOS, that links energy density and pressure 

(2) 



  

                                                        

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

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


