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Introduction

Chiral Magnetic Effect (CME)

D.E. Kharzeev, J. Liao
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Introduction

Magnetic field in HIC

Xuguang

𝝉𝑩 = 𝟎. 𝟒 or 0.6fm 

This work use this model
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Introduction

Winding number in HIC

Derek Leinweber

𝑁𝑅
𝑓
− 𝑁𝐿

𝑓
= 𝑁5 = 2𝑄𝑤, 𝑄𝑤 = න𝑑4𝑥 −

𝑔2𝜖𝜇𝜈𝜌𝜎

32𝜋2
𝑇𝑟 𝐺𝜇𝜈𝐺𝜌𝜎

𝜕𝜇𝐽5,𝑓
𝜇

= 2𝑞 = −
𝑔2𝜖𝜇𝜈𝜌𝜎

16𝜋2
𝑇𝑟 𝐺𝜇𝜈𝐺𝜌𝜎

Bubbles with nonzero 

chirality can be 

created via topological 

fluctuations and 

triangle anomaly ---

locally P- & CP-odd 

environment !

http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/Nobel/
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Motivation

Counting the topological winding numbers of gauge field 

with measurements of the CME.

𝑁𝑅
𝑓
− 𝑁𝐿

𝑓
= 𝑁5 = 2𝑄𝑤, 𝑄𝑤 = න𝑑4𝑥 −

𝑔2𝜖𝜇𝜈𝜌𝜎

32𝜋2
𝑇𝑟 𝐺𝜇𝜈𝐺𝜌𝜎

𝑓𝐶𝑀𝐸
𝐸𝑃 = 8 ± 4%

AVFD

(Anomalous-Viscous Fluid Dynamics)

Δ𝛾𝐶𝑀𝐸 = 𝛾𝑂𝑆 − 𝛾𝑆𝑆 = 2(𝑎1
+)2
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Framework

The flow chart of AVFD

𝐷𝜇T
𝜇𝜈 = 0

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓

𝜏𝑐𝑠



arXiv:1205.0579

Initial condition

2. Given value 1. MC method

𝜕𝜇𝐽5,𝑓
𝜇

= 2𝑞 = −
𝑔2𝜖𝜇𝜈𝜌𝜎

16𝜋2
𝑇𝑟 𝐺𝜇𝜈𝐺𝜌𝜎 =

𝑔2𝑁𝑓
4𝜋2

𝐸𝑎 ⋅ 𝐵𝑎

Framework
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𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓

𝜏cs
In Milne space

Shu Lin et al 𝜏𝑐𝑠 = 𝜒 ∗
𝑇

2Γ𝑐𝑠
, Γ𝑐𝑠= 30 𝛼𝑠𝑇

4

stochastic dynamics of gluon field topological fluctuations

Framework

During the hydrodynamic evolution, there exist 

random topological fluctuations of the gluon fields 

that would necessarily in fluence the axial current 

evolution. These fluctuations eventually amount to 

a relaxation effect toward equilibrium with 

vanishing topological charge on long time scale.
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Results

1. axial charge density changed with time

Given a value of 

the initial 𝒏𝟓 by

Random sample 

the initial 𝒏𝟓 by
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Results

2.1 Counting Topological Winding number of gluone Fields

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓

𝜏𝑐𝑠

𝝉𝑩 = 𝟎. 𝟔 fm 

𝜏𝑐𝑠 = 𝜒 ∗
𝑇

2Γ𝑐𝑠
, Γ𝑐𝑠= 30 𝛼𝑠𝑇

4

𝑁5= < 𝑁5
2 >𝑒𝑣𝑒𝑛𝑡 or 𝑄𝑤 = < 𝑄w

2 >𝑒𝑣𝑒𝑛𝑡
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Results

2.2 Counting Topological Winding number of gluone Fields

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓

𝜏𝑐𝑠

𝝉𝑩 = 𝟎. 𝟔 fm 

𝜏𝑐𝑠 = 𝜒 ∗
𝑇

2Γ𝑐𝑠
, Γ𝑐𝑠= 30 𝛼𝑠𝑇

4

𝑁5= < 𝑁5
2 >𝑒𝑣𝑒𝑛𝑡 or 𝑄𝑤 = < 𝑄w

2 >𝑒𝑣𝑒𝑛𝑡



13

Results

3. Winding number versus the charged hadron multiplicity 𝑁𝑐ℎ

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓

𝜏𝑐𝑠

𝝉𝑩 = 𝟎. 𝟔 fm 
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Summary and outlook

Combined Maxwell equation and  AVFD

𝐷𝜇T
𝜇𝜈 = 0

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓

𝜏𝑡𝑜𝑡al
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Thank You!
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Results

axial charge density changed with time

Given a value by

Random sample by 
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Results

1. Damping effect of total axial charge 

𝝉𝑩 = 𝟎. 𝟔 fm 

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓

𝜏𝑐𝑠

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓 − 𝜃(𝑛5,𝑓) ത𝑛5,𝑓

𝜏𝑐𝑠

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵
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Results

4. CME signal for different damping case

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓

𝜏𝑐𝑠

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵 −

𝑛5,𝑓 − 𝜃(𝑛5,𝑓) ത𝑛5,𝑓

𝜏𝑐𝑠

𝐷𝜇𝐽v,𝑓
𝜇

= 0,

𝐷𝜇𝐽5,𝑓
𝜇

= −
N𝑐𝑄𝑓

2

2𝜋2
𝐸 ⋅ 𝐵

𝝉𝑩 = 𝟎. 𝟔 fm 


