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Study	  of	  LQCD	  thermodynamics	

•  Staggered	  fermions	  are	  mainly	  used	  in	  both	  
zero	  and	  finite	  density	  
– HotQCD,	  BMW,	  BNL/Bielefeld,….	  

•  Roo$ng	  trick?	  
•  Universality	  check	  by	  solid	  ground	  
formula$on	  

•  We	  use	  Wilson-‐type	  fermions	  HERE	  



Goal	

Slope/curvature	  of	  cri$cal	  surface	  is	  posi$ve/nega$ve???	  
de	  Forcrand	  &	  Philipsen	  2007	
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Simula$on	  details	

•  Nf=3	  Clover	  with	  NP	  csw	  +	  Iwasaki	  gauge	  
•  Phase	  reweigh$ng	  
– Evaluate	  phase	  exactly	  
– Det.	  is	  computed	  by	  using	  reduc$on	  method	  
together	  with	  LAPACK&GPGPU	  

•  Parameters:	  
– NT=6	  &	  aμ=0.1	  	  ⇒	  	  μ/T=0.6	  
– V=83,	  103,	  123	  
– β=1.70-‐1.77,	  κ=0.1386-‐0.1415	

Gapringer	  ‘10	

�O� =
�OeiNf��||
�eiNf��||



Phase	  re-‐weigh$ng	  factor	

Sign	  problem	  is	  under	  controlled	
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μ-‐dependence	  of	  CEP	
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Summary	
•  Z2	  universality	  class	  is	  favored	  
•  Very	  small	  slope	  of	  cri$cal	  end	  line	  at	  μ/T=0.6	  	  

•  Exploring	  large	  μ	  region	  by	  β/μ	  reweigh$ng	  
•  Mixed	  observable	  analysis	  to	  reduce	  FSE	  
•  Con$nuum	  limit	  is	  not	  taken	  so	  far	  (only	  NT=6)	  
– Challenging	  to	  increase	  NT=8,10,…	  

•  2+1	  flavor	  with	  NT=6	  

Outlook	
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Zoom	  of	  moments	  of	  chiral	  cond.	
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