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(as independent parts) 



  

HYDJET++ (soft):  main physics assumptions 

A hydrodynamic expansion of the fireball is supposed to end by a 
sudden system breakup at given T and chemical potentials. Momentum 
distribution of produced hadrons keeps the thermal character of the 
equilibrium distribution. 

 Cooper-Frye formula:

-  HYDJET++ avoids straightforward 6-dimensional integration  by using 
the special  simulation procedure (like HYDJET): momentum generation in 
the rest frame of fluid element, then Lorentz transformation in the global 
frame → uniform weights → effective von-Neumann rejection-acception 
procedure.
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Freeze-out surface parameterizations
1. The Bjorken model with hypersurface

  2. Linear transverse flow rapidity profile   

3. The total effective volume for particle  production at 
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Charged multiplicity vs centrality and 
pseudorapidity in HYDJET++ at LHC 



PT spectrum and RAA factor for charged 
hadrons in HYDJET++ at LHC 



 
 

II. Elliptic and Triangular 
flow in HYDJET++ : interplay 

of hydrodynamics and jets 



ELLIPTIC FLOW 

 
 

S.Voloshin, Y.Zhang, Z.Phys.C70 (1996) 665 

Initial spatial anisotropy is converted to anisotropy in  
momentum space  



TRIANGULAR FLOW 

B. Alver and G.Roland, PRC 81 (2010) 054905  

The triangular initial shape leads to triangular hydrodynamic flow 



Anisotropic flow generation in HYDJET++ 

Spatial anisotropy 

Momentum anisotropy 

Four parameters ε, ε3, δ, ρ3 are tuned to fit experimental data 



 LHC data vs. HYDJET++ model 
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Elliptic flow Pb+Pb @ 2.76 ATeV 

Closed points:   CMS data  v2{2Part & LYZ}; 
Open points and histograms: HYDJET++  v2{EP & Psi2} 



 LHC data vs. HYDJET++ model 
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Triangular flow Pb+Pb @ 2.76 ATeV 

Closed points:   CMS data  v3{2Part & LYZ}; 
Open points and histograms: HYDJET++  v3{EP & Psi3} 



 Interplay of hydrodynamics and jets 
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Triangular flow Pb+Pb @ 2.76 ATeV 

Hydrodynamics gives  
mass ordering of v3 
 
The model possesses 
crossing of baryon  
and meson branches 
 
 The reason for the 
mass ordering break 
at 2 GeV/c is traced to 
hard processes (jets) 



 
III. Anisotropic flow E-by-E 

fluctuations  

  



 Intrinsic fluctuations in HYDJET++  
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Event-by-event flow vector Vn Pb+Pb @ 2.76 ATeV 

Centrality = 20-25% 

S.Voloshin et al., PLB 
659 (2008) 537; 
R.Bhalerao, J.-Y. 
Ollitrault, PLB 641 
(2006) 260 



    Bayesian unfolding procedure  

   
   

   
   

   
   

   
   

   
   

   

The method excludes the non-flow effects and extracts the genuine flow  
fluctuations  

Response function 

Unfolding matrix G.Aad et al. (ATLAS),  
JHEP 1311 (2013) 183 



 Fluctuations of elliptic flow in the model  
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Unsmeared  parameter ε  Pb+Pb @ 2.76 ATeV 

Note: the smearing width for  ε  is optimized at one centrality and then 
           fixed for other centrality bins   

Normally smeared ε  



   Fluctuations of triangular flow in the model  
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Unsmeared  parameter ε3   Pb+Pb @ 2.76 ATeV 

Note: the smearing width for  ε3  is optimized at one centrality and then 
           fixed for other centrality bins   

Normally smeared ε3  



 
IV. Femtoscopic correlations  

  



  
  



  
  



  
  



 
V. Geometric and dynamical 

anisotropy: 
consequences for flow and 

radii 
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VI. Simultaneous description 

of  the flow and HBT radii  

M.Lisa, U.Heinz, U.Wiedemann,  PLB 480 (2000) 287 
M.Csanad, B.Tomasik, T.Csorgo,  EPJA 37 (2008) 111 
C.Plumberg, C.Shen, U.Heinz,    PRC 88 (2013) 044914 
S.Lökös et al., EPJA 52 (2016) 311 
J.Cimerman et al., EPJA 53(2017) 161 
L. Bravina et al., EPJA 53 (2017) 219 
… 



Spatial vs Dynamical Anisotropy  
L. Bravina et al., Eur.Phys.J. A53 (2017)  219 / arXiv: 1709.08602 [hep-ph]                                 

Elliptic flow and radii oscillations w.r.t.  Ψ2      plane 

Other 
anisotropy 
parameters 
are zero  
(only spatial  
anisotropy). 
 
Either flow or  
radii 
oscillations !? 

Pb+Pb @ 2.76 TeV 

ε2 = ± 0.3  



Spatial vs Dynamical Anisotropy  
                                 

Elliptic flow and radii oscillations w.r.t.  Ψ2      plane 

Other anisotropy 
parameters 
are zero  
(only dynamical  
anisotropy). 
 
Correct  v2  and  
oscillation 
phases for δ2>0 

δ2 = ± 0.3  



Spatial vs Dynamical Anisotropy  

Triangular flow and radii oscillations w.r.t.  Ψ3      plane 

Other 
anisotropy 
parameters 
are zero  
(only spatial  
anisotropy). 
Again, either 
flow or radii 
oscillations are 
reproduced 

ε3 = ± 0.3  



Spatial vs Dynamical Anisotropy  

Triangular flow and radii oscillations w.r.t.  Ψ3      plane 

Other anisotropy 
parameters 
are zero  
(only dynamical  
anisotropy). 
 
Correct  v3  and 
oscillation 
phases for ρ3 >0 
 

ρ3 = ± 0.3  



Spatial vs Dynamical Anisotropy. 
Influence of resonance decays                                 

Spatial   Dynamical  

Elliptic anisotropy 



Spatial vs Dynamical Anisotropy. 
Influence of resonance decays                                 

Spatial   Dynamical  

Triangular anisotropy 
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Second- and third-order oscillations of the femtoscopic  radii in Pb+Pb 
collisions at 2.76 TeV were studied within the HYDJET++  model 
together with the differential elliptic and triangular flow. Our study 
indicates that  
    -  Elliptic or triangular spatial anisotropy alone cannot reproduce 
       simultaneously the correct phase of the radii oscillations and the  
       correct sign of the corresponding flow harmonics 
    -  Dynamical flow anisotropy provides correct qualitative 
       description of both PT –dependence of  v2 and v3  and the phases 
        of the femtoscopic radii oscillations 

    -  Decays of resonances provide significant increase of the emitting 
        areas and make the radii oscillations more pronounced 
    -  However, they do not change the phases of the oscillations 
    -  Both spatial and dynamical anisotropy is needed for the  
        quantitative description of both signals.  
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Suppression factor of inclusive jets  
vs PT in PYQUEN at LHC 



  

                                                        

 
 



  

                                                        

 
 



  

                                                        

 
 



  

                                                        



  

 
●Calculating the number of hard NN sub-collisions Njet (b, Ptmin, 

√s) with Pt>Ptmin around its mean value according to the 
binomial distribution.  

●Selecting the type (for each of Njet) of hard NN sub-collisions 
(pp, np or nn) depending on number of protons (Z) and 
neutrons (A-Z) in  nucleus A according to the formula: Z=A/
(1.98+0.015A2/3).

●Generating the hard component by calling PYQUEN njet times.
● Correcting the PDF in nucleus by the accepting/rejecting 

procedure for each of Njet hard NN sub-collisions: comparision 
of random number generated uniformly in the interval [0,1] with 
shadowing factor S(r1,r2,x1,x2,Q2) ≤ 1 taken from the adapted 
impact parameter dependent parameterization based on 
Glauber-Gribov theory (K.Tywoniuk et al., Phys. Lett. B 657 

(2007) 170).

Monte-Carlo simulation of hard component 
(including nuclear shadowing) in 

HYDJET/HYDJET++



  

                                                        


