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Global polarization：First theoretical prediction
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Global polarization：Early experimental results

STAR  PRD 76, 024915,2007 STAR  PRC 77, 061902, 2008 
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Focusing on global polarization: my doctoral research 
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STAR  PRL 103, 251601, 2009 

Chiral magnetic effect: 

Chiral anomaly: 

Turning to chiral effects: my postdoctoral work
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Chiral effects from kinetic theory

An anomalous source term must be introduced in classical Boltzmann equation:

Chiral effects emerge naturally in quantum kinetic theory by Wigner function:
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Berry monopole as source term for chiral effects

Berry monopole in momentum space: 

Chiral kinetic equation: 

Effective energy and velocity: Invariant phase space: 

The action with Berry connection: 

Chiral magnetic effect: Chiral anomaly:
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Chiral kinetic theory by Wigner function approach

 4 functions 8 equations   1 function  1 equation 
 �(ℏ�) 
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Chiral kinetic theory by Wigner function approach

8D  chiral kinetic theory  7D  chiral kinetic theory
 �(ℏ�) 

 7D  chiral kinetic theory at �(ℏ�)   

 8D  chiral kinetic theory at �(ℏ�)   
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Chiral Wigner function:

Chiral Wigner equation:

Semiclassical ℏ expansion:  

Right/Left  (s= ±1) 

Chiral Wigner equations order by order： 

Chiral Wigner functions and equations order by order



Chiral kinetic theory at zeroth and first 
order
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Zeroth-order Wigner functions from 8D to 7D

General space-time decomposition by introducing �� with normalization �2 = 1:

Independent Wigner functions and on-shell conditions:

7D Wigner functions:

Positive/Negative energy: Invariant phase space factor:Effective four-velocity:Effective energy:
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Zeroth-order chiral kinetic equation from 8D to 7D

Integrate 8D Wigner equation with arbitrary weight function:

Pull  ∇� out of the integral:

The final result after integration:

The arbitrary function �(�|�|) require :                                            holds    for  � =± 1 seperately  
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First-order Wigner functions from 8D to 7D

Independent Wigner functions:

Modified on-shell condition:

7D Wigner functions:

operator

Wigner function redefinition



17

First-order chiral kinetic equation from 8D to 7D

Pull  ∇� out of the integral:

The final result after integration:

Integrate 8d chiral kinetic equation with arbitrary weight function:
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The arbitrary function �(�|�|) require :



Second-order chiral kinetic theory
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Second-order Wigner functions from 8D to 7D

Independent Wigner functions:

Modified on-shell condition:

7D Wigner functions:
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Nonlocal effects in second-order chiral kinetic theory

Invariant phase space factor:

Effective four-velocity:

Effective energy:
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Second-order chiral kinetic equation in 7D
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Other relevant works from Wigner function  (top-down)
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Other relevant works from semiclassical approach (bottom-up)
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Full second-order chiral kinetic theory from AI
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Full second-order chiral kinetic theory from AI
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   Summary and Outlook

Thank you for your attention !

• A second-order chiral kinetic theory in 7D phase space under constant electromagnetic fields 
has been derived from Wigner function formalism.

• Non-local contributions regarding the invariant phase space factor, effective energy, four-
velocity and kinetic equations are derived. 

• Bottom-up and top-down methods should complement  each other  in the study of  quantum 
kinetic theory

• While a second-order chiral kinetic theory under varying electromagnetic fields has been 
calculated via AI, the verification of these results is currently under way.


