
Chiral Magnetic Effect (CME) from

Anomalous-Viscous Fluid Dynamics (AVFD) 


simulation framework

refs:                                                       w/ Kharzeev, Liao, in progress;

         SS, Zhang, Hou, and Liao, Phys.Rev.Lett. 125 (2020) 242301;


        SS, Jiang, Lilleskov, and Liao, Annals Phys. 394 (2018) 50;

                   Jiang, SS, Yin, and Liao, Chin.Phys.C 42 (2018) 1, 011001.

Shuzhe Shi (Stony Brook Univ.)



J = 𝜎5 𝜇5 B

For right-handed particles w/ positive charge:

1. p // S // 𝜇


2.Energy =  — 𝜇

→

→

→
→

⇒ lower energy if moving along B field direction
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E-by-E IC of Bulk, n, n5, and B field

Initial condition 

+ Driving force

The AVFD simulation package
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E-by-E IC of Bulk, n, n5, and B field

Initial condition 

+ Driving force

The AVFD simulation package

Anomalous-Viscous 
Fluid Dynamics

Bulk  => n, n5 evolution

μQ @ FO
Dynamical 
evolution

Freeze-Out (LCC) + Hadron Cascade

Length: pT,    Angel: 𝜑
Distribution of (+) / (−) ch. Hadron 

distribution

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

Two particle correlations: 03



AVFD used by experimentalists
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Be able to describe the 

possible CME signal in Au-Au.

Predictions for isobar collisions: 

Joint cut of Multiplicity ⊗ Eccentricity to 
control difference in background

CME in AuAu and Isobar 04



Same 
Baryon #

Different 
Proton #
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Background

Different 
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expectation before the isobar program:
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 1.02 STAR Isobar post-blind analysis, √sNN = 200 GeV,   Ru+Ru / Zr+Zr,   20-50%
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• what causes the difference in background?

• what the no-CME baseline should be?

expectation of the baseline failed

06

plot: [2109.00131]
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Δγ112,bkg =
4N2pv2,2p

N2
ch

⟨cos(ϕα + ϕβ − 2ϕ2p)⟩ ∝
v2

Nch

2p = 2-particle cluster

?

what is the appropriate baseline?

Δδbkg ∝
1

Nch
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radial flow dependence of background 07
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Nch
expectation:



ρ0

π+

π− v[ρ0] = 0 ⇒ δOS = − 1

π+

π−
ρ0

v[ρ0] ∼ 1 ⇒ δOS ≈ 1

radial flow dependence of background 07

δ ≡ ⟨cos(ϕa − ϕb)⟩
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-dependence of background   [hydro+CooperFrye+resonance]⟨pT⟩

RuRu, ZrZr
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dots: simulation
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no CME

non-zero intercept => non-constant κ112
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a new baseline 09
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no CMERuRu, ZrZr

a new baseline 09
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Δ ̂γ112 ≡ (NtrkΔγ112/v2) / line

experiment: inconsistent with pure background 
expectation in non-central collisions  ---> CME?

RuRu, ZrZr

non-central coll.: B>0
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10can the exp. result be understood by no-CME baseline?

data: re-plot [2109.00131]



red:  CME[RuRu]

blue: CME[ZrZr]

black: no CME

CME:Δδ ↓ , Δγ112 ↑
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Δδbkg =
1

Nch
(d0 + d1 × ⟨pT⟩) Δγbkg =

v2

Nch
(g0 + g1 × ⟨pT⟩)



• the AVFD framework is developed to quantitatively study CME


• non-CME baseline in isobar collisions is different from unity


• simulation shows -dependence of background 


• present analysis is inconsistent with pure-background expectation, and 
indicates room for CME in non-central collisions where magnetic field 
should be present


• more experimental and theoretical work is needed

⟨pT⟩

Summary



backup



assume system-independent trend:

02
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Δ ̂γ112 ≡ (NtrkΔγ112/v2) / line
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Joint cut of Multiplicity⊗Eccentricity ⇒ same background!
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|background difference| < 0.5% |signal difference| ~ 15%

Different deformation schemes:

black - no deformation (both are spheric)

red     - Ru is more deformed 

blue   - Zr is more deformed


