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Complete algorithm incorporates the stages:  
• generation of the initial states; 
 
•  thermalization of initially non-thermal matter; 
 
•  viscous chemically equilibrium hydrodynamic   
    expansion; 
 
• sudden (with option: continuous) particlization   
   of  expanding medium; 
 
• a switch to UrQMD cascade with near 
   equilibrium hadron gas as input; 
    
• simulation of observables. 
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Akkelin, Yu.S. :     PRC 81 (2010) 064901; 
Karpenko, Yu.S., Werner: PRC 87 (2013) 024914;  
Naboka, Akkelin,  Karpenko, Yu.S. : PRC 91 (2015) 014906; 
Naboka, Karpenko, Yu.S. arXiv: 1508.07204 (subm. to PRC). 
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The initial (non-equilibrium) 
state 



                            Initial states   
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The most commonly used models of initial state are: 
     

High Energies  
 

MC-G (Monte Carlo Glauber) 
MC-KLN (Monte Carlo Kharzeev-Levin-Nardi) 
EPOS (parton-based Gribov-Regge model)  

EKRT (perturbative QCD + saturation model)  
IP-Glasma (Impact Parameter dependent Glasma) 

                
          
       
 
 

Low Energies 
 

          MC-G (Monte Carlo Glauber) - ?                              
UrQMD (Ultra-Relativistic Molecular Dynamics) - ? 

 
PROBLEM:       

No one model leads to the proper matter thermalization,  
while  

the biggest experimental discovery for a few decades is that hydrodynamics is 
the basis of the “Standard Model “  of high energy A+A collisions 



MC-G Initial State (IS) attributed to   
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¿0 = 0:1 fm/c

 The initial state (IS) is highly 
inhomogenious. 

 
 It is not locally equilibrated. 

 
 The IS most probable is strongly 

momentum anisotropic (result from CGC) 

GLISSANDO 2 

; 

MC-G Hybrid for ensemble of ISs 
:   

Parameters of IS  

= 0.24 

Florkowski 
et al 



 Multiplicity dependence of all charged particles on centrality 
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Pre-thermal stage (thermalization) 

          
 
 
 
 
 

6 

Non-thermal state  ¿th = 1 fm/c¿0 = 0:1 fm/c

Akkelin, Yu.S. :PRC 81 (2010);  Naboka, Akkelin,  Karpenko, Yu.S. : PRC 91 (2015). 
locally near equilibrated state 

Boltzmann equation in  
relaxation time approximation 

(integral form) 

P¾(x; p) = exp(¡
t¾Z

t

dt

¿rel(x; p)
)

x ´ (t;x¾ + (p=p0)(t¡ t¾))

MAIN ANSATZ with minimal number of parameters:   

MAIN EQUATIONS 

where 

MAIN OBJECT 
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¿rel = 0:5 fm/c

p = 1
3 ²

¿th = 1 fm/c

¿0 = 0:1 fm/c

 is the 
same at all the 

scenarios 

¿th = 1 fm/c

¿th = 1 fm/c ¿th = 1 fm/c
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The other stages: Hydro evolution, particlization, hadronic 
cascade 

 Hydro evolution: 

Solving of Israel-Stewart Relativistic Viscous Fluid Dynamics with   =0 

IC is the result of pre-thermal 
evolutuon reached at    
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The other stages: Hydro evolution, particlization, hadronic 
cascade 

 Hydro evolution: 

Solving of Israel-Stewart Relativistic Viscous Fluid Dynamics with   =0 

 Particlization: 
at the isotherm hypersurface T=165 MeV 

Switching hypersurface build with help of Cornelius routine.  

For particle 
distribution the Grad’s 
14 momentum ansatz 

is used: 
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The other stages: Hydro evolution, particlization, hadronic 
cascade 

 Hydro evolution: 

Solving of Israel-Stewart Relativistic Viscous Fluid Dynamics with   =0 

 Particlization: 
at the isotherm hypersurface T=165 MeV 

Switching hypersurface build with help of Cornelius routine.  

For particle 
distribution the Grad’s 
14 momentum ansatz 

is used: 

 Hadronic cascade: The above  distribution function with Poisson distributions for each 
sort of  particle numbers  is the input for UrQMD cascade. 
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The other stages: Hydro evolution, particlization, hadronic 
cascade 

 Hydro evolution: 

Solving of Israel-Stewart Relativistic Viscous Fluid Dynamics with   =0 

 Particlization: 
at the isotherm hypersurface T=165 MeV 

Switching hypersurface build with help of Cornelius routine.  

For particle 
distribution the Grad’s 
14 momentum ansatz 

is used: 

 Hadronic cascade: 

Details are in: Naboka, Karpenko, Yu.S. arXiv: 1508.07204 (subm. to PRC). 
 

The above  distribution function with Poisson distributions for each 
sort of  particle numbers  is the input for UrQMD 



          
 
 
 
 
 

Pions, ALICE 
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LHC,  
Pion spectra  

“under 
microscope”  
(linear scale) 

Pions, ALICE 
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 Kaons, ALICE 
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ANTIPROTONS, ALICE 



          
 
 
 
 
 

Quotations: 

……………………………………………………………….. 

Phys. Rev. C 87, 024914 (2013)  

arXiv:1303.0737v1 [hep-ex] 

Predictions for particle spectra at LHC in non-central collisions 
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Quotations  

Predictions for particle yield at LHC in central collisions 
from HKM 

    Phys. Rev. Lett. 109, 
252301 (2012) 
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V2 
ALICE 
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V2 
LHC, ALICE 
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Rout 

Data from ALICE, 2015 
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Rside 

Data from ALICE, 2015 
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Rlong 

Data from ALICE, 2015 



          
 
 
 
 
 

23 

The  is OK at 
but at different max initial energy densities  

when other parameters change:  
The two values of the shear viscosity  
to entropy is used for comparison:  

The basic result (selected by red) is  
 compared with results at  other  
parameters, including viscous and ideal  
pure thermodynamic scenarios  
(starting at      without pre-thermal stage 
but with subsequent hadronic cascade). 

No dramatic worsening of the results  
happens if simultaneously with changing of  

          parameters/scenarios renormalize maximal  
initial energy density. 

Important results 



               Summary 
 
   The integrated hydrokinetic model (iHKM) of A+A collisions is developed.  

 
     Quite satisfactory results at different centralities are reached for multiplicities of all   
  charged particles, pion, kaon and antiproton spectra, pion v_2- coefficients and   
     interferometry radii vs transverse momentum. 
 
    
 
 

 
 

 
 

 
 
 

 The coherent description of these observables is achieved in iHKM with the small time       
    formation (      = 0.1 fm/c) of the maximally anisotropic initial state, with small mean   
   relaxation time,        = 0.25 fm/c,  and the minimal ratio of shear viscosity over  
    entropy       density                         . 
 
 It is observed that the isotropic initial conditions, larger relaxation time, or treatment 

of the pre-thermal stage just with  viscous or ideal hydro-approach, leads not to 
dramatically worse results, if normalization of maximal initial energy densities is 
adjusted to reproduce multiplicity of all charged particles in each scenario. 
 
  It can explain a rather satisfactory data description in numerous variants of hybrid 

models without pre-thermal stage when the initial energy densities are defined up to 
a common factor. 

 
 

 
 



Predictions for 𝑝̅𝑝Λ correlation function with purity corrected CF 
and residual correlations at the LHC 

RHIC V. M. Shapoval, B. Erazmus,R. 
Lednicky, Yu.S. PRC 92, 034910 (2015) 

    LHC   V. M. Shapoval, Yu.S., V.    
      Naboka PRC 92, 044910 (2015)   



 

 
Thank you for your attention! 
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