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− Elliptic power distribution 
 
     L. Yan, J-Y. Ollitrault, and A. M. Poskanizer,  arXiv:1405:6595  

 

 

 

 

 

 

1) A parametrization of the distribution of the initial eccentricity in a  

   nucleus-nucleus collisions at a fixed centrality 

 

2) A two parameter distribution, where one of them corresponds to  

   the intrinsic eccentricity, while the other controls the magnitude  

   of eccentricity fluctuations.  
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− Eccentricity ε2 

 

1) v2 is, to a good approximation, a linear response to the initial  

   eccentricity ε2 , which quantifies the spatial azimuthal anisotropy  

   of the fireball 

 

2) The initial eccentricity comes from two effects   

 

   i. The overlap area between the colliding nuclei has the shape of  

    an almond in non-central collisions.  

   ii. There is a sizable eccentricity, even in central collisions , due to  

     quantum fluctuations in wave functions of incoming nuclei 

 

3) It is defined in every event from the initial energy density profile 

   and thus carries information about how energy is deposited in  

   the  early stage of heavy ion collisions 
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− Models of the initial energy density profile 

   and its fluctuation 
 

1) The MC Glauber model in event-by-event hydrodynamics 

   : the energy is localized around each wounded nucelon 

2) The MC+ saturation physics as an initial conditions in hydro   

 

− Simple parametrization of ε2 

 

1) The Bessel-Gaussian distribution 

  : works well for nucleus-nucleus collisions at moderate impact  

  parameters, but fails for more peripheral collisions and/or small  

  systems such as proton-nucleus collisions 

 2) A new power distribution  
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                                      B. Schenke and R. Venugopalan, arXiv:1405:3605 
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− IP-Glasma + MUSIC 
 
     B. Schenke and R. Venugopalan, arXiv:1405:3605  

 

 

 

 

 

 

1) Event-by-event fluid dynamics model  

  : The color glass condensate (CGC) based IP-Glasma model in  

    combination with the viscous fluid dynamic simulation, MUSIC 

 

2) The impact parameter dependent saturation model (IP-Sat) with  

   the classical description of initial glasma fields 

  : includes the quantum fluctuation of color charges and produces 

   initial energy fluctuation 
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− Collective effects in pp, pA, and AA  
 

1) Striking similarity in the structure of long range pseudo-rapidity  

   correlation between high multiplicity d+Au, p+Pb collisions and  

   peripheral heavy ion collisions with similar multiplicity 

 

2) The observed mass splitting of elliptic flow has been qualitatively 
explained within the fluid dynamic model description 

 

3) The vn distribution are not well described by the initial state  

  developed so far except IP-Glasma+MUSIC 
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− Average vn 
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− Event-by-event distribution of vn  

 

 

 

 

 

 

 

 

1) The initial state eccentricities εn 

   : quantifies the spatial azimuthal anisotropy of the fireball created  

   right after the collisions  

 

2) Nonlinearity effects in fluid dynamics evolution modify the shape  

  of the distributions : the necessity of fluid dynamics 
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− Anisotropic flows in p+Pb collisions  

 

 

 

 

 

 

 

 

1 

1)            =132 corresponds to 65-70% central Pb+Pb events 

 

2) Pb+Pb data are well described while p+Pb data are not. 

   : No choice of parameters could achieve better agreement  
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− The color scintillation antenna (CSA) 
 
     M. Gyulassy, P. Levai, I. Vitev, and T. Biro, arXiv:1405:7825 

 

 

 

 

 

 

 

1) Multiple resolved clusters of recoiling target beam jets together with 

  the projectile beam produces color scintillation antenna (CSA) array  

 

2) The scaling of intrinsically azimuthally and long range in η nature  

  of the non-abelian breamsstrahlung leads to vn moments, entirely  

  due to non-ablelian wave interference phenomena sourced by CSA  
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− Vitev-Gunion-Bertch multiple interaction  

    pQCD bremsstrahlung 
 

1) The dynamical source that could partially account for the  

   azimuthal moment systematics may be traced to a basic  

   perturbative QCD feature 

 

2) The pQCD based model, the opacity 1 Gunion-Bertch pQCD 

  bremsstrahlung, has been extended to all orders in opacity  

 

3) Vitev-Gunion-Bertch bremsstrahlung naturally leads on an event-  

   by-event basis to a hierarchy of non-trivial azimuthal asymmetry  

   moments similar to those observed in p+A and peripheral A+A at  

    fixed dN/dη 
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− Conclusions 
     M. Gyulassy, P. Levai, I. Vitev, and T. Biro, arXiv:1405:7825 

 

1) The color scintillation antenna (CSA) arrays radiate gluons with  

  characteristic boost non-invariant trapezoidal rapidity distributions  

  in asymmetric nuclear collisions  

 

2) Non-abelian beam jet CSA bremsstrahlung may provide a partial 

  analytic solution to the beam energy scan discovery of the near 

  energy independence of the azimuthal moments down to very low   

 CM energy of ~ 10 AGeV, where large x valence quarks beam jet  

  dominate inelastic dynamics  

 

3) The uniqueness of the perfect fluid description of p+A cannot be  

   taken for granted 


