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Chiral Magnetic Effect

Chiral magnetic effect (CME) is the generation of electric current 
along an external magnetic field induced by chirality imbalance.

For right-handed particles w/ positive charge: 

1.  p // S // 𝜇 

2. Energy =  — 𝜇・B 

J = 𝜎5 𝜇5 B

→→→

→ →

⇒ lower energy if moving along B field direction

https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Chirality


CME In Heavy-Ion Collisions

(1015 T @ 200 GeV Au-Au)

B ~ 𝛾 Z Q b / R3

Magnetic Field
    Topology  
⊗ Chiral  
⊗ Anomaly



CME In Heavy-Ion Collisions

dN±/d𝜙 ∝ 1 + 2 a1± sin(𝜙 — 𝜓RP) + …

▸ B field ⊗ µ5  ⇒  current ⇒  dipole (charge separation) 

  

𝜙 — 𝜓RP



CME In Heavy-Ion Collisions

▸ charge separation  ⇒  charge dept. two-particle correlation

dN±/d𝜙 ∝ 1 + 2 a1± sin(𝜙 — 𝜓RP) + …

𝛾 = ⟨cos(𝛥𝜙i+𝛥𝜙j) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ — ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 

𝛿 = ⟨cos(𝛥𝜙i —𝛥𝜙j) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ + ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 

▸ B field ⊗ µ5  ⇒  current ⇒  dipole (charge separation) 

CME:  H = (a1±)2



CME In Heavy-Ion Collisions

▸ charge separation  ⇒  charge dept. two-particle correlation

dN±/d𝜙 ∝ 1 + 2 a1± sin(𝜙 — 𝜓RP) + …

𝛾 = ⟨cos(𝛥𝜙i+𝛥𝜙j) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ — ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 

𝛿 = ⟨cos(𝛥𝜙i —𝛥𝜙j) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ + ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 

▸ B field ⊗ µ5  ⇒  current ⇒  dipole (charge separation) 

𝛾bkg = 𝜅 v2 F 
𝛿bkg = F Bulk Background



CME In Heavy-Ion Collisions

▸ charge separation  ⇒  charge dept. two-particle correlation

𝛾 = 𝜅 v2 F — H 
𝛿 = F + H

F: Bulk Background 
H: Possible Pure CME Signal = (a1,CME)2

dN±/d𝜙 ∝ 1 + 2 a1± sin(𝜙 — 𝜓RP) + …

𝛾 = ⟨cos(𝛥𝜙i+𝛥𝜙j) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ — ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 

𝛿 = ⟨cos(𝛥𝜙i —𝛥𝜙j) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ + ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 

▸ B field ⊗ µ5  ⇒  current ⇒  dipole (charge separation) 
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Anomalous-Viscous Fluid Dynamics

as the linear perturbation on top of 
 2+1D VISHNU/MUSIC Hydro background

 D𝜇 JL𝜇 = —            E𝜇 B𝜇
Nc q2

4𝜋2
_____ D𝜇 JR𝜇 = +            E𝜇 B𝜇

Nc q2

4𝜋2
_____

JR𝜇 = nR u𝜇 + 𝜈R𝜇  +           𝜇R  B𝜇
Nc q
4𝜋2
____

JL𝜇 = nL  u𝜇 + 𝜈L𝜇  —           𝜇L   B𝜇Nc q
4𝜋2
____

CME

𝛥𝜇𝜈 d 𝜈R,L𝜈 = —      (𝜈R,L𝜇 - 𝜈NS𝜇)𝜏rlx
1__

𝜎__
2 q E𝜇𝜈NS𝜇 = 𝜎__

2 T𝛥𝜇𝜈 𝜕𝜈
𝜇__
T +

Viscous Effect



Evolution of Quark Number Density

B

w/ vs. w/o magnetic field



Evolution of Quark Number Density

B

w/ vs. w/o magnetic field



Evolution of Quark Number Density

BB

Left- vs. Right-Handed



Evolution of Quark Number Density

BB

q=+2/3 q=—1/3

u- vs. d- Quarks



CME from Smooth AVFD simulation

Good agreement for  
magnitude & centrality trend

Implementing with best 
estimated nA  

& with 𝜏B = 0.6 fm/c
𝜏B  = 0.6 fm/c

Y.Jiang, SS, Y.Yin & J.Liao, Chin. Phys. C (2018)  
SS, Y.Jiang, E.Lilleskov & J.Liao, Annals Phys. (2018)



Influence from Event-by-Event Fluctuation

▸ Fluctuations !!! 

▸ Initial Conditions 

▸ Hadron Scattering & Resonance Decay



Event-by-Event: Correlators
Au-Au @ 200GeV 

50-60%
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Event-Shape Engineering Method?
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Event-Plane De-Correlation?

𝛹EP,2

𝛹B

𝛹EP,2

𝛹B

charge  
separation

𝛹CSa1,CME

v1,CME

 𝛾CME = v12 — a12 = (c.s.)2 cos(2𝛹CS — 2𝛹2) ≈ (c.s.)2 cos(2𝛹B — 2𝛹2)
 𝛿CME = v12 + a12 = (c.s.)2

‣ 𝛾CME picks up a factor, related to de-correlation 

‣ different v2-bins correspond to different de-correlation factors



Decisive Test of CME — Isobaric Collisions
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Non-CME Background
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CME in IsoBar System
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CME in IsoBar System
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CME in IsoBar System

Statistics:   107 events in AVFD simulation 
~ 3×108 events in experiment

in collaboration with H.Zhang, J.Liao & D.Hou, in final preparation
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CME in IsoBar System

Statistics:   107 events in AVFD simulation 
~ 3×108 events in experiment

-1 < 𝜂 < 1 
64 < Nch < 96 
0.05 < v2ref < 0.25

in collaboration with H.Zhang, J.Liao & D.Hou, in final preparation
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Summary & Outlook
EBE-AVFD for the Isobars:


1) (Nch , v2) joint-cut eliminates difference in non-CME bkg.


2) Absolute differences in correlators are very sensitive to CME! 


3) Decisive probe of topological charge transition 


Further Development of the AVFD framework:


1) Damping of axial charge


2) More realistic background (Local Charge Conservation) 


3) 3+1Hydro with non-trivial vorticity and rapidity dependence




Damping of Axial Charge

in collaboration with A.Huang, S.Lin, J.Liao, X.Zhu & L.He, in progress
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For more details about damping,  

see Shu Lin’s talk on Thursday



Implementing LCC
In the current particle sampler,

two ways to sample particles in a single FOHS cell:


(a) grand-canonical ensamble (both Nnet, E fluctuate) 
Npos ~ Poisson Distribution with mean ⟨N⟩=Nthermal 
Nneg ~ Poisson Distribution with mean ⟨N⟩=Nthermal 

Npos and Nneg are not necessarily the same 

(b) canonical ensamble (Nnet conserved, E fluctuates) 
Npos ~ Poisson Distribution with mean ⟨N⟩=Nthermal 
Nneg = Npos 

A hybrid approach?

c) for every cell, randomly choose (a) or (b), according to  
given acceptance probability PLCC being a parameter ∈ [0,1].

take neutral systems 

(𝜇 = 0) as example

B. Schenke, C. Shen, P. Tribedy, arXiv:1901.04378



𝛾112 = ⟨cos(𝜙i+𝜙j-2𝜓EP) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ — ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 
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Event-Shape Engineering (with LCC)
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THANK YOU!



BACKUP SLIDES



Correlators with LCC
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Correlators with LCC
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𝛾123 = ⟨cos(𝜙i+2𝜙j-3𝜓EP,3) ⟩ = ⟨cos𝛥𝜙i cos2𝛥𝜙j ⟩ — ⟨sin𝛥𝜙i sin2𝛥𝜙j ⟩ 



Event-Shape Engineering (with LCC)
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CME: Event-Averaged v.s. Event-by-Event
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𝛾 = 𝜅 v2 F — H
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Fitting Formular:

F(x) = 1 + a1 x + a2 x2

b1 x + b2 x2
____________

𝜅 = 1.2

Estimation Of IsoBar Bulk Background

SS, Y.Jiang, E.Lilleskov & J.Liao, Annals Phys. (2018)



CME in Au-Au Collisions

𝜏B =0.6 fm/cB = 
B0

1+(𝜏/𝜏B)2
________

16𝜋2 Aoverlap

__________________√⟨n  ⟩ ≃ 
___

 2 
5

Qs (𝜋 𝜌tube 𝜏0)√Ncoll
____4 2

SS, Y.Jiang, E.Lilleskov & J.Liao, Annals Phys. (2018)


