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                   OUTLINE 

I.   Description of anisotropic flow in 
relativistic heavy ion collisions: 

(a) elliptic and triangular flows 
(b) initial fluctuations and higher harmonics 
II.  HYDJET++ model (hydro + jets) 
III.  Quadrangular flow and pentagonal flow 
IV.  Hexagonal flow  
 



 
 

I. DESCRIPTION OF 
ANISOTROPIC FLOW IN 

RELATIVISTIC HEAVY ION 
COLLISIONS 



ELLIPTIC FLOW 
 
 

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

Initial spatial anisotropy is converted to anisotropy in  
momentum space  



J.-Y. Ollitrault (TORIC-2010)	  

Eccentricity	  fluctua-ons	  can	  be	  computed	  in	  MC	  Glauber	  model	  or	  derived	  from	  
experiment	  by	  comparing	  different	  methods	  for	  flow	  calcula-on.	  



ECCENTRICITY 
STANDARD 

PARTICIPANT 



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

The triangular initial shape leads to triangular hydrodynamic flow 



INITAL-STATE FLUCTUATIONS (example) 
                 W.-L. Qian et al., JPG 41 (2013) 015103  

Energy distribution of a random NeXuS event  



HIGHER FLOW HARMONICS  
                                      

Non-zero higher Fourier coefficients can carry important  information 
about the space-time evolution of the QCD-matter and initial fluctuations 



CROSS-TALK BETWEEN FLOW HARMONICS  
                   G.-Y. Qin et al, PRC 82 (2010) 064903  

Only the first few flow harmonics of final-state hadrons survive  
after  hydrodynamic evolution  



CROSS-TALK BETWEEN FLOW HARMONICS  
           Z. Qiu and U. Heinz, PRC 84 (2011) 024911  

(1)  The basic response of v2 and v3 to eccentricities is approx. linear 
(2)  Higher flow coefficients show poor correlation with the eccentricities 
       of the same order  



SCALING OF HIGHER ORDER FLOW 
HARMONICS  

 J.-Y. Ollitrault :  

ATLAS, PRC 86 (2012) 014907 

𝑉↓𝑛 ↑1/𝑛   ∝𝑉↓2 ↑1/2  

Ratios are almost  
insensitive to P_T 
from 1GeV/c to 4GeV/c 
 
Results for n=3 are 
lower than that for 
higher harmonics  



 
 

II. HYDJET++  =  
FASTMS + HYDJET  



     



     GENERATION OF TRIANGULAR FLOW 

V2 V3 

Hint (Teaney, Ollitrault, …): 5 2 3V V V∝ 3 2
6 2 3V V Vα β∝ +

Bravina et al., EPJC 74:2807 (2014) 

V2 and V3 are uncorrelated 

1/6             1/2 



 LHC DATA VS. HYDJET++ MODEL 
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Particle spectra Pb+Pb @ 2.76 ATeV 

Closed symbols:   ALICE data ;     Lines: HYDJET++  



 LHC DATA VS. HYDJET++ MODEL 
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Elliptic flow Pb+Pb @ 2.76 ATeV 

Closed symbols:   CMS data  v2{2Part & LYZ}; 
Open symbols and histograms: HYDJET++  v2{EP & Psi2} 
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Elliptic flow Pb+Pb @ 2.76 ATeV 

Closed symbols:   ATLAS data  v2{RP}; 
Open symbols and histograms: HYDJET++  v2{EP & Psi2} 
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Triangular flow Pb+Pb @ 2.76 ATeV 

Closed symbols:   CMS data  v3{2Part & LYZ}; 
Open symbols and histograms: HYDJET++  v3{EP & Psi3} 
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 LHC DATA VS. HYDJET++ MODEL 
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Triangular flow Pb+Pb @ 2.76 ATeV 

Closed symbols:   ATLAS data  v3{RP}; 
Open symbols and histograms: HYDJET++  v3{EP & Psi3} 



 
 

III. HIGHER HARMONICS: 
V4 and V5  



 LHC DATA VS. HYDJET++ MODEL 
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Quadrangular flow Pb+Pb @ 2.76 ATeV 

Closed symbols:   CMS data  v4{2Part & LYZ}; 
Open symbols and histograms: HYDJET++  v4{EP & Psi2} 

v4 is there even if  
v3 is absent 
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 LHC DATA VS. HYDJET++ MODEL 
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Pentagonal flow Pb+Pb @ 2.76 ATeV 

Closed symbols:   CMS data  v5{2Part & Psi5}; 
Open symbols and histograms: HYDJET++  v5{EP & Psi3} 

v5 is zero if either v2 
or v3 is absent 



 
 

IV. HIGHER HARMONICS: 
hexagonal flow v6  



 LHC DATA VS. HYDJET++ MODEL 
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Hexagonal flow Pb+Pb @ 2.76 ATeV 

Closed symbols:   CMS data  v6{Psi2 & LYZ}; 
Open symbols and histograms: HYDJET++  v6{Psi2} 

v6 is non-zero if either 
v2 or v3 is absent 



      
3 2

6 2 3V V Vα β∝ +Hexagonal flow: 

3Ψ2Ψ

  It would be interesting to study                   and                   in experiment                          6 2( )V Ψ 6 3( )V Ψ

Scaling? 

Bravina et al., PRC 89, 024909 (2014) 



      Hexagonal flow: centrality dependence 
CMS Collab., PRC 89, 024909 (2014) 

Centrality dependence  
in HYDJET++ is correct 



      Hexagonal flow: correlator analysis 
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In line with experimental data 



CONCLUSIONS 
The HYDJET++  model allows us to investigate flow of hydro and jet parts 
separately,  to look at reconstruction of pure hydro flow and its modification due to 
jet part. 

 
Ø  HYDJET++ permits us to study cross-talk of v2 and v3, 
     while other harmonics are absent 
Ø  If only v2 is present, only even harmonics appear; 
    odd harmonics arise if v3 is included 
Ø  Scaling of v6

1/6(psi2)/v2
1/2(psi2) is predicted 

Ø  Jets result to increase by 10%-15% of this ratio and  
    lead to rise of its high-pT tail  
Ø  Significant part of hexagonal flow and other higher order 
    harmonics comes from elliptic and triangular flows 
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    HEXAGONAL FLOW IN HYDJET++ AT LHC 

(1)  V6 is weak 
(2)    Its high-pt tail increases with rising pT 

Bravina et al., PRC 89, 024909 (2014) 



          Extraction of V6 (Event Plane method) 
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  (1) Event plane method 

 Ψ2  is the calculated reaction plane angle: 
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Methods for v2 calculation 

 (2)    Two particle correlation method )(2cos}2{2 jiv ϕϕ −=
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Differential flow is calculated by the formula:  


