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the motivation

Sketching the chiral magnetic effect

summary and comparison between regimes

anomalies, Kubo formulas and linear response
weak coupling

strong coupling



chiral magnetic effect 
(CME)
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chiral anomalies
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Kubo formulas and linear response



��j(ω, q)� = GR
�j�j

(ω, q) �A(ω, q)

�J(ω, q) = σ(ω, q) �E(ω, q)

�J ≡ ��j�

the basic idea is as follows

imagine we have the Ohm’s Law

but we can understand 
the current as

linear response tells us
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linear response tells us

�J ≡ ��j�

the basic idea is as follows

imagine we have the Ohm’s Law

��j(ω, q)� = GR
�j�j

(ω, q) �A(ω, q)

�E(ω, q) = −iω �A(ω, q)

σ(ω, q) = − i

ω
GR

�j�j
(ω, q)

DC conductivity
σ = − lim

ω→0
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�J(ω, q) = σ(ω, q) �E(ω, q)
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summarizing the Kubbo formulas
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qz→0
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jiε = T ti

charge transport

chirality transport

energy transport
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free fermions

�jc = ψ̄ Tc�γP+ψ

T 0i =
i

4
ψ̄(γ0∂i + γi∂0)P+ψ

J i
A T 0j

q

q + k

T �= 0

µ �= 0

g = ∞

g = 0



free fermions

�γP+ψ
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ψ̄(γ0∂i + γi∂0)P+ψ

T 0j

q

q + k

T �= 0

�= 0
holography

AM ⇔ jµ
gMN ⇔ Tµν

thermal state = blackhole geometry
5D

++++++++++++++++++++++

AdS boundary

g = ∞

in
te

ra
ct

io
n



free fermions case
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[Landsteiner, Megías & F. P-B, PRL. 107 (2011)]

[Kharzeev & Warringa, PRD.80 (2009)]
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in the case of interest for QCD
 U(1)VxU(1)A 
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[Vilenkin, Phys. Rev. D20, 1807 (1979)]
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strongly coupled theory
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holographic model
•we need to build a model with a U(1)VxU(1)A global symmetry

•the vector current must be conserved
•the axial current must be anomalous with the mixed gauge-
gravitational anomaly included
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AdS Reissner-Nordström 
blackhole 

++

ds2 =
r2

L2

�
−f(r)dt2 + d�x2

�
+

L2

r2f(r)
dr2

A =

�
β − µ r2

H

r2

�
dt

A(5) =

�
γ − µ5 r2H

r2

�
dt

f(r) = 1− ML2

r4
+

(Q2 +Q2
5)L

2

r6
Q =

r2
H√
3
µ Q5 =

r2
H√
3
µ5

T =
2r2

H
M − 3(Q2 +Q2

5)

2πr5
H



++
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linear fluctuations
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after solving the linearized system of e.o.m. and using the AdS dictionary
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cut-off momentum

frequency dependence 
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summary
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weakly coupled strongly coupled

imaginary part has a maximum at 

characteristic frequency

ω ∼ 5T

ω ∼ 15T

some “universal” behaviour  in the magnetic conductivities
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summary

weakly coupled strongly coupled

vorticiy must be strictly static in the homogenuos 
case

characteristic momentum k ∼ 5T

some “universal” behaviour  in the magnetic conductivities
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