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I. Motivations 
     The elliptic flow of direct photons is observed so large! 

F. M. Liu and S.X. Liu, Phys.Rev.C 89, 034906 (2014). 

 

 

 

 

II. Calculation Approach 
IIa. Main sources of direct photons: 
 
 
 
 
 
 
 
 
 
 
 
 
 
IIb. Space-time evolution: (3+1)-D ideal hydrodynamics. 

•  AuAu at 200 GeV, T.Hirano, et al, PRC77, 044909(2008) 
•  PbPb at 2.76 TeV,  K.Werner, et al, PRC85, 064907 (2012) 
 

IIc. Two time scales at the early stage of heavy ion collisions. 
     Assumption:  During  (τ0 , τQGP ), quark fugacity  ξ  increases  
                                   from 0 to 1 linearly. Consequences: 
     1. Photon emission rate is between      
 
        
  
    
     2. EoS      (note: hydro is still valid.)  
   
 

	


•   G. Basar, D. E. Kharzeev, and V. Skokov,  
       Phys. Rev. Lett. 109, 202303 (2012).  
•   A. Bzdak and V. Skokov,   
       Phys. Rev. Lett. 110, 192301 (2013).  
… 

         But constraints must be respected: 
1. The large collection of hadronic data. 
2. The measured pt spectrum and v2 of direct photons. 
3. Prediction power to higher order harmonics, ie, the triangular flow v3.  

Our Strategy: 
•  Incorporate hadronic data with a realistic hydro evolution. 
•  Keep the hydro evolution valid and EoS consistently. 
•  Explain photon data & Predict simultaneously.                        

 

•  Prompt photons 

 
 
 

•   Thermal photons 

P 

P 

thermal
4 * *

thermal2 ( ) ( , ),    
t

dN d x E T E p u
dyd p

µ
µν = Γ =∫

Energy loss,  JPC   F.M.Liu 2009,   PHENIX 2012 

 Emission rates depend on the constituents. 
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III. Results: Extract QGP formation time from data	

The large elliptic flow of photons puzzles people.  
New sources of photons are suggested to explain it: 

IId.  Photon emission during the whole evolution: 

QGP phase,  AMY 2001 
HG phase, Rapp, 2004 without hadronic form factor. 

Fig 4. Prediction of high order harmonics of direct photons. 

IV.  Conclusions	


•  QGP formation time has been exacted from data, 
    which is later than local thermalization time  
 
•  Measurement of high order harmonics of direct photons are highly expected  
      to test our model and the others. 
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Fig 2. Extract QGP formation time, 1.5fm/c, with data at typical pt, 2.5GeV/c 

Fig 1. The transverse momentum spectrum and elliptic flow of direct photons    
            with different QGP formation times, 0.35fm/c, 0.75fm/c, …. 

contribution of systematic uncertainty of the vγ,dir2 measurement.91

Figure 5 shows the first measurement of vγ,dir2 in 0–40% Pb-Pb collisions at
√
sNN = 2.76TeV.92

4. Summary and Conclusions93

The results provide evidence for a non-zero vγ,dir2 for 1 < pT < 3GeV/c with a magnitude94

similar to the observed charged pion vπ
±

2 [11]. Similar results were reported by the PHENIX95

collaboration [12]. Recent hydrodynamical calculations [8, 9] include a substantial portion of96

thermal photons from the hot plasma phase and also a sizable fraction from other sources in97

order to describe the observed direct-photon spectra. However, the emission from early stages of98

the system evolution yields a small vγ,dir2 compared to hadrons. Thus, the observed large vγ,dir299

might lend support for a significant emission from late stages of the system evolution where the100

hadron flow has build up.101

Figure 4: Inclusive photon vγ,inc2 and decay

photon vγ,bg2 in 0–40% Pb-Pb collisions.
Figure 5: Direct-photon vγ,dir2 in 0–40%
Pb-Pb collisions.
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Fig 3. V2 of direct photons from averaged initial condition and e-b-e result. 
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