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The Chiral Magnetic Effect

Kenji Fukushima, Dmitri Kharzeev, H.Warringa, PhysRevD.78.074033


recent reviews:

Chiral magnetic effect reveals the topology of gauge fields in heavy-ion collisions


Dmitri Kharzeev, Jinfeng Liao, Nature Review Physics 3 (2021) 1, 55-63

Chapter in QGP6


Dmitri Kharzeev, Jinfeng Liao, Prithwish Tribedy, 2405.05427
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⇒ lower energy if moving along B field direction

 ⃗J = σA μA
⃗B

⊙ ⃗B ∼ 1015TFor right-handed particles w/ positive charge: 

1.    

2.   

p⃗ ∥ ⃗S ∥ ⃗μ

Energy = − ⃗μ ⋅ ⃗B ∝ − p⃗ ⋅ ⃗B

Chiral Magnetic Effect 2
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Expectation of the baseline failed!!!

STAR, PhysRevC.105.014901

No CME signature that satisfies the 
predefined criteria has been observed  No CME≠

measuring CME in isobar 3
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updates in experiment: controlling background

Full-event Sub-event

STAR Isobar,
[M. Abdallah et al. (STAR), Phys. Rev. C 105 (2022) 014901]

√sNN = 200 GeV,   Ru+Ru / Zr+Zr,   20-50% STAR Preliminary 
Forced match

 DATA ⊕ HIJING background estimate
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challenges in accurate, first-principle calculation 5

⃗J = σA μA
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ChinPhysC.42.011001, Annals Phys.394.50, PhysRevLett.125.242301
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Crucial: short vacuum life time 
 non-equilibrium magnetohydro⇒



lower beam energy — long lifetime 7
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STAR:  significance @ 11.5-19.6 GeV∼ 3σ
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background subtraction methods in experiment: shape engineering

(I)

(II) Event Plane vs Spectator Plane comparison

Test background in no-CME experiments? e.g. 5.02 TeV PbPb
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STAR:  significance @ 11.5-19.6 GeV∼ 3σ

A machine-learning extraction

Alex Akridge, Yu Guo, J. Liao, SS, Hongxi Xing, Hui Zhang, in prep.
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our analysis
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Aihong Tang @ SQM2026

signal extraction w/ Transformer
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signal extraction w/ Transformer
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Hirono, Ikeda, Kharzeev, Ziyi Liu, SS, 

PhyRevC.112.L051904+in progress

“optimal” obs. trained w/ exp.

OPb+Pb@5.02TeV → 0
ORuRu − OZrZrmaximize

ORuRu ≈ 1.2 OZrZr?check:

O = L2i c2i+Bi,j ci cj
param. to be trained

harmonic coefficients



outlooks

- non-equilibrium magnetohydrodynamics 

- background models of CME can/shall be tested 

- correlation between  and  helicity? 

9

(a+
1 ∝ μ5)


