
Anomalous	
  transport	
  from	
  Chiral	
  
Viscous	
  Hydrodynamics 

Yin	
  Jiang	
  

Indiana	
  University,	
  	
  Physics	
  Dept.	
  &	
  CEEM	
  

In	
  collaboraEon	
  with	
  Shuzhe	
  Shi,	
  Yi	
  Yin	
  &	
  Jinfeng	
  Liao	
  

1 

QCD	
  Phase	
  Structure	
  III	
  workshop 



Outline 
•  MoEvaEon	
  

•  Our	
  framework	
  

•  Numerical	
  results	
  

ü 	
  Viscous	
  parameters	
  

ü  	
  Ini0al	
  condi0ons	
  
ü  	
  B	
  field	
  life0me	
  

•  Summary	
  and	
  outlook	
  

2 



MoEvaEon 
•  Chiral	
  magneEc	
  effect	
  	
  ​𝐽 = ​𝐶↓𝐴 ​𝜇↓𝐴 ​𝐵 	
  

•  Charge	
  separaEon	
  

​𝑑𝑁/𝑑𝜙 ∝1± ​𝑎↓1 ​sin ⁠(𝜙− ​𝜓↓𝑅𝑃 ) +…	
  

​𝑄↓𝑅  ​​𝑄 
↓𝑅  

​𝑆  ​𝑝  

​𝑆  ​𝑝  

​𝐵  
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   ​𝐻↓𝑆𝑆 − ​𝐻↓𝑂𝑆 	
  
  =2​𝑎↓1↑2 	
  

STAR,	
  PRL,	
  2014 
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Chiral	
  viscous	
  hydro 
•  ​𝐽↓𝑉↑𝜇 = ​𝑛↓𝑉 ​𝑢↑𝜇 + ​𝜈↓𝑉↑𝜇 +𝜎​𝐸↑𝜇 + ​​𝑁↓𝑐 /2​𝜋↑2  𝑞​𝜇↓𝐴 ​
𝐵↑𝜇 	
  

•  ​𝐽↓𝐴↑𝜇 = ​𝑛↓𝐴 ​𝑢↑𝜇 + ​𝜈↓𝐴↑𝜇 + ​​𝑁↓𝑐 /2​𝜋↑2  𝑞​𝜇↓𝑉 ​𝐵↑𝜇 	
  

ü  ​𝐷↓𝜇 ​𝐽↓𝑉↑𝜇 =0,                  ​𝐷↓𝜇 ​𝐽↓𝐴↑𝜇 = ​​𝑁↓𝑐 /2​𝜋↑2  ​𝑞↑2 𝐸⋅𝐵	
  	
  
ü 𝑑​𝜈↓𝑉,      𝐴↑𝜇 =( ​𝜈↓𝑁𝑆↑𝜇 − ​𝜈↓𝑉,      𝐴↑𝜇 )/ ​𝜏↓𝑟𝑙𝑥 	
  

Ø Background:	
  	
  2+1	
  D	
  VISHNew-­‐-­‐-­‐-­‐OSU	
  Group	
  

	
   	
   ​𝐷↓𝜇 ​𝑇↑𝜇𝜈 =0	
  with	
  𝑛=0 
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Chiral	
  viscous	
  hydro 
•  Linearized	
  version	
  of	
  the	
  full	
  hydro 
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Density	
  evoluEon 
𝐵=0 𝐵≠0 
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Density	
  evoluEon 
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Diffusion	
  term 

•  Not	
  so	
  sensiEve	
  to	
  relaxaEon	
  Eme	
  and	
  diffusion 
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IniEal	
  axial	
  density 

Axial	
  density	
  

Linear	
  

Vector	
  density	
  

Mild	
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B	
  field	
  lifeEme 
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​𝐵↓𝑦 = ​​𝐵↓0 /1+ ​(​𝜏/​𝜏↓𝐵  )↑2   



Comparison	
  with	
  data 
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Comparison	
  with	
  data 
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​(0.4  𝐺𝑒𝑉)↑3  

​(0.2  𝐺𝑒𝑉)↑3  



How	
  chiral	
  is	
  the	
  strange	
  quark 
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Resonance	
  decay	
  contribuEon 
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Summary	
  and	
  outlook 
ü  Experimental	
  signal	
  might	
  be	
  quanEtaEvely	
  explained	
  by	
  CME.	
  

ü  IniEal	
  axial	
  density	
  &	
  B	
  field	
  lifeEme	
  are	
  most	
  relevant.	
  	
  

ü ​𝐾↑± 	
  asymmetry	
  measurement	
  would	
  tell	
  us	
  more	
  about	
  strange	
  

quark.	
  

•  event-­‐by-­‐event	
  simulaEon,	
  with	
  hadron	
  cascade	
  

•  different	
  type	
  of	
  Eme-­‐dependent	
  B	
  field	
  

•  more	
  anomalous	
  effects,	
  e.g.	
  CMW	
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Thank	
  you	
  for	
  your	
  a>en0on! 
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