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Introduction : Anomalous Transports

Micro-quantum anomaly + B/ Ω  macro-transport (CME/CVE)

Micro

Macro

Search in HIC

Astrophysics, cosmology 

Nature Phys.12（2016）

Phys. Rev. X.5（2015）

Science350（2015）413

Kharzeev,Liao,Voloshin,Wang: Prog.Part.Nucl.Phys.2016
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Topological charge fluctuations of QCD in QGP

Axial anomaly
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Strong EM Field/Rotation/ produced in HIC

Deng, Huang, 2015

Jiang,Lin,Liao, 2016
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Theoretical approaches:

--- Lattice  method 

--- Continuum  Field theory 

--- Holographic theory 

--- Kinetic approach or hydrodaynamice

UV divergence demands regularization, IR behavior is crucuial
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Universal to all orders of coupling，all temperature & chemical 

potential .Necessary to explain 
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Artifact of one-loop approximation. The ambiguity disappears

with higher order corrections. (Satow & Yee)
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CME from continuum QFT at finite T and density

Hou,Liu,Ren ,JHEP 05(2011)046 ( ) ( ) ( )i ij jJ Q K Q A Q
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Follows from the EM gauge invariance and the non-renormalization of 

the axial anomaly. 

with T=0 and             :  relativistic invariance requires  the two limit 

orders are equivalent
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Hou,Liu,Ren ,JHEP 05(2011)046 
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CME from regulated Wigner function
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a robust regularization scheme has to be introduced to the underlying field 

theory before defining the wigner function. e.g. PV scheme
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CME current canceled at thermal  equilibrium. 

gives CME current :
Wu,Hou, Ren, PRD   2017  
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using lattice QCD with Wilson term  



CME with Wilson Fermion with chiral chemical potential

Yamamoto,PRL(2011)    
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One-loop self-energy  on lattice of size  

CME vanishes  at  continu. limit  .  

At zero temperature

Feng,Hou, Liu,  Ren, Wu, PRD95,(2017)     
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QED radiative corrections to CME

Feng, Hou, Ren   PRD  99    (2019)  
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3-loop radiation correction to CME

Feng, Hou, Ren   PRD99 (2019)  

If the two internal photons are replaced by gluons   
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• The zero P & zero E limits of       do not commute and the

difference is robust against Higer Order correction                

• While the CSE is expected in RHIC, its magnitude may not reach   

the ideal value because of inhomogeneity  

. We calculated the CME to 1-loop order with a lattice   regular.    With

Wilson fermions  and  the results   in continuum agree with that by

PV  regular. And   the 1-loop results using overlapping fermions 

• Highger-order corrections?  Or finite size  effect?

Radiation corrections to CME up to 3-loop massless QED are

derived at zero T and non-zero T
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Summary  

5
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Thank you very much for your attention!
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Chiral Magnetic Effect in Isobaric Collisions

from Anomalous-Viscous Fluid Dynamics (AVFD)

Shuzhe Shi , Hui Zhang, Defu Hou , Jinfeng Liao , QM2018 @ Venice May. 13~19, 2018

The absolute difference between isobars, after identical multiplicity+elliptic flow cuts,

will provide the most sensitive and clean probe of CME signal.

Defu  Hou, Lattice 2019 23



Fluct. & dissip. of axial charge from massive quark 

DF Hou, S. Lin, PRD98, (2018)
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