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Chiral magnetic effect

Topological charge(nR 6= nL) + magnetic field ⇒ chiral magnetic effect
(D. Kharzeev, L. McLerran, H. Warringa, NPA 803 (‘08) 227)

Related to axial anomaly

JV = σAV H can be studied experimentaly
( observed at RHIC and LHC, STAR Collaboration Phys.Rev.Lett. 103 (2009) 251601, ...)
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Anomalous transport
Chiral magnetic effect: JV = σVV H, σVV =

µ5
2π2

Axial chiral magnetic effect: JA = σAV H, σAV = µ

2π2

Chiral vortical effect: JV = σVω, σV =
µ5µ

2π2

Axial chiral vortical effect: JA = σAω, σA =
µ2+µ2

5
4π2 + T2

12

Why anomalous transport phenomena are so interesting?
Can be seen in current heavy ion collision experiments

Related to the first principles of quantum field theory (anomalies)

Non-dissipative phenomena

Axial chiral vortical effect:
One can carry out the simulations at µ = 0, µ5 = 0
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Axial chiral vortical effect:

Axial chiral vortical effect: JA = σAω, σA = T 2

12 (µ = µA = 0)

Axial magnetic effect:

L = ψ̄
(
∂̂ − ig Âata − ieγ5Â5

)
ψ

J i
ε = 〈T 0i 〉 = σH5, σ = σA = T 2

12

One can study axial magnetic effect instead of axial chiral vortical effect
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From axial magnetic to usual magnetic field

JE = 〈T 0i 〉 = i
2 〈ψ̄(γ0D i

5 + γ iD0
5 )ψ〉,Dµ

5 = ∂µ − igAµ − ieγ5A
µ
5

Cµ(x , y ,A5) = 〈ψ̄(x)Uxyγµψ(y)〉 = −Tr
(
U S5(A5)γµ

)
Tr

[
S5(A5)γµ

]
= Tr

[
(PR + PL)S5(A5)γµ

]
=

Tr
[
PRS(A5)γµ

]
+ Tr

[
PLS(−A5)γµ

]
Motion in axial magnetic field can be related to the motion

in usual magnetic field
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Simulation details
Tadpole improved action
SU(2) quenched QCD
Statistics ∼ 3000
Lattice parameters: Ls = 14− 20, Lt = 4− 6, β = 3.0− 3.5
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Observation of AME ( V. Braguta et. al., Phys.Rev. D88 (2013) )

Observation of non-dissipative phenomenon

J‖ε ∼ H5, J⊥ε ∼ 0
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Temperature dependence of AME (V. Braguta et. al., Phys.Rev. D89 (2014) )

CAME = Jε
eH5T2 , Good fit: CAME (T ) = C∞AME exp

(
− h

T−Tc

)
Jε(T � Tc ) ∼ T2, CAME (T�Tc )

Cth
AME

' 0.06

CAME (T > Tc ) > 0, CAME (T < Tc ) = 0⇒ clean signature for experiments
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Conclusion
Observation of axial magnetic effect

Scaling ∼ T2 at high temperature

σlat is by an order of magnitude smaller than σth

AME is observed in deconfinement and is not observed in confinement

Clean signature of anomalous transport phenomena for heavy ion collision experiments
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