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Schematic QCD Phase Diagram 

The  location of the critical point  (CEP)is still unknown. 
Th: Difficult to apply LQCD to the low T / high chemical potential region.�



2nd-order phase transition 1st-order phase transition 

Phase Transitions�



Exp: Energy Scan�

 

Fire ball expansion, fast or slow? �



Signatures of CEP�

•  Assuming slow expansion (thermal 
equilibrium) 

•  Correlation length diverges at the CEP, so are 
fluctuations, e.g. event by event variations of 
baryon number  

•  If correlation length is finite at freeze out, 
higher (nongaussian) moments could be useful:  

     

 



Universality�
•  In the scaling region, physics is the same 

within the same universality class---an 
effective field theory argument. 

•  QCD near CEP ~ Ising model 
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What is going on?�
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What is going on?�

     

 

Robust!�



Mapping: model dependent�

     

 



Our Works 
�

•  Mapping and diagram power counting w/ 
effective potential: more diagrams equally 
important  

 
•  Explicit model calculations: (a) 1+1 dim 

Gross-Neveu model in the large N limit (b) 
3+1 dim 3 flavor NJL model (                         ), 
complete set of susceptibilities up to 4 
derivatives. 



m2 = 4th moment/2nd moment�
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m2 = 4th moment/2nd moment�
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m1 = 3rd moment/2nd moment�
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m2 vs m1�



m1 vs m2�

Counter clockwise, also 
seen in Ising model, 
maybe robust even w/ 
non-thermal effects  �



m1 vs m2�

CPOD 2014�



Flavor Dependence�

•                          , complete set of susceptibilities 

  

     

 



Flavor Dependence�

•                           

  

     

 



Flavor Dependence�

•                           

•  B, Q, S basis, proton and kaon susceptibilities 

  

     

 







Summary 

•  It is encouraging to see non-monotonic m1 and
 m2 at RHIC. 

Robust!� Robust?�



When the Imaginary is a Real 
Alternative 

Jiunn-Wei Chen 
National Taiwan U. 

 
Phys.Rev.Lett. 110 (2013) 262301 

Collaborators: Jens Braun, Jian Deng, Joaquin E. 
Drut, Bengt Friman, Chen-Te Ma, Yu-Dai Tsai 



From the hottest to the coolest,  
and back? 
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