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(Non-anomalous) magnetic effect in QCD

Gusynin, Miransky, Shovkovy, PRL 1994

Bali et al, PRD 2012, 

Bali et al, JHEP 2012 



(Non-anomalous) vortical effect in QCD

Jiang, Liao, PRL 2016

Ebihara, Fukushima, Mameda, PLB 2017



Anomalous magnetic and vortical effects

𝒋 = 𝐶𝜇5𝑒𝑩

Chiral Magnetic/Separation Effect(CME/CSE)

Chiral Vortical Effect(VCVE/ACVE)

𝒋 = 𝐶𝜇5𝜇𝝎

Vilenken, PRD 1980

Metlitski, Zhitnitsky, PRD 2005

Kharzeev, McLerran, Warringa, NPA 2008

Vilenken, PRD 1979

Erdmenger et al, JHEP 2009

Banerjee et al, JHEP 2011

Landsteiner et al, PRL 2011

𝒋5 = 𝐶𝜇𝑒𝑩
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Interplay of magnetic and vortical fields

𝜔

Magneto-vortical effects?



Magneto-vortical effects

lowest Landau level, free theory: Hattori, Yin, PRL 2017

𝜕𝑡𝐽
𝑡 = 𝑞𝑓

2𝐶𝐴𝜕𝑡𝐴5 ∙ 𝐵

Covariant anomaly:

𝜕𝜇𝐽
𝜇 = 𝑞𝑓

2𝐶𝐴(𝐸5 ∙ 𝐵 + 𝐸 ∙ 𝐵5)

𝐽𝑡 = 𝑞𝑓
2𝐶𝐴𝐴5 ∙ 𝐵

𝐽5
𝑧 = 𝐶𝐴𝜇𝐵 = 𝐶𝐴

𝐽𝑡

𝜒
𝐵 = |𝑞𝑓|

𝐶𝐴
2
𝐵 ∙ Ω

CSE
𝐽𝑡 = 𝑞𝑓

𝐶𝐴
2
𝐵 ∙ Ω

𝜒 = 𝐶𝐴 𝑞𝑓 𝐵

−∆𝐻 = 𝑞𝑓𝐴5 ∙ 𝑗5 =
Ω

2
∙ 2𝑆

How about in interacting theory? 

Ok in free theory



What to expect for magneto-vortical effects

more generally

C P T

𝐽𝑡 − + +

𝐽5
𝑧 + + −

B − + −

Ω + + −

𝜉, σ allowed by CPT



Holographic model for magnetized plasma

𝑔𝜇𝜈 ↔ 𝑇𝜇𝜈

𝑉𝜇 ↔ 𝐽𝜇

𝐴𝜇 ↔ 𝐽5
𝜇

Dictionary:

Dual field content:

𝑁2 gauge boson, neutral under 𝑈 1 𝑉

4𝑁2 Weyl fermion, charged under 𝑈 1 𝑉

3𝑁2 complex scalars, charged under 𝑈 1 𝑉

𝐽𝜇~

𝑓

𝑞𝑓 ത𝜓𝑓𝛾
𝜇𝜓𝑓 +⋯



Anomalies in the holographic model

𝑀 = 𝑟

𝜕𝜇𝐽
𝜇 = 8𝛼(𝐸5 ∙ 𝐵 + 𝐸 ∙ 𝐵5)

𝜕𝜇𝐽5
𝜇
= 8𝛼 𝐸 ∙ 𝐵 + 𝐸5 ∙ 𝐵5 + 𝜆𝑅 ∧ 𝑅

Chiral + gravitational anomalies

treat 𝛼&𝜆 as free parameters



Neutral magnetic brane background

Anisotropic: 𝑇𝑥𝑥 = 𝑇𝑦𝑦 ≠ 𝑇𝑧𝑧

Analytic background known for weak B

Numerical background available for arbitrary B

strongly coupled neutral plasma subject to external B



Introducing vorticity

on the boundary

decoupled dynamics for steady state: 𝑇𝑡𝑦 𝑥 , 𝐽𝑡 𝑥 , 𝐽5
𝑧(𝑥)

vorticity

in the bulk

adiabatic limit: 𝜔 → 0 then 𝑞 → 0

Introducing finite 𝜔 necessary to uniquely define the “neutral” state



Analytic results for weak B

anomalous non-anomalous

anomalous

𝑟ℎ = 4𝜋𝑇



Non-anomalous contribution agrees with MHD

Kovtun, Hernandez, JHEP 2017

magnetic susceptibility

magneto-vortical susceptibility

2𝑝,𝐵2 = log 𝑟ℎ → log
4𝜋𝑇

𝑀

M renormalization scale

𝑀Ω = −
1

2
𝜇



Scheme dependence

In the presence of ℎ𝑡𝑦(𝑥)

shift magnetic susceptibility −2𝑝,𝐵2



Anomalous contributions

Ω → 𝐽5
𝑧~𝑂 𝜆 → 𝐽𝑡~𝑂(𝜆𝛼)

𝐽𝑡 ≠ 0, 𝜇 = 0

modified CVE, no CSE!

costs no energy to create vector charge

higher order O(α2𝐵2) possible



Numerical results for arbitrary B (non-anomalous)

𝜉𝑛𝑜𝑛−𝑎𝑛𝑜𝑚 ≃ −1 + # log
𝐵

𝑇2

𝜀 𝐵 = #𝐵2 + #𝐵2 log
𝐵

𝑀
Fuini, Yaffe, JHEP 2015vacuum limit

𝛼 = 𝜆 = 0



Numerical results for arbitrary B (anomalous 𝜎)

Chiral vortical conductivity suppression by B, in contrast to free theory

sensitive to gravitational anomaly only

Hattori, Yin, PRL 2017



Numerical results for arbitrary B (anomalous 𝜉)

𝐽𝑎𝑛𝑜𝑚
𝑡 ~ log𝐵

𝜉𝑎𝑛𝑜𝑚~
log𝐵

𝐵

𝜉𝑛𝑜𝑛−𝑎𝑛𝑜𝑚~ log𝐵 dominates

sign change



Thermal Hall effect and thermal axial magnetic effect

Thermal Hall effect

Thermal axial magnetic effect



Anomalous modification to MHD

𝜉 = 𝜉𝑛𝑜𝑛−𝑎𝑛𝑜𝑚 + 𝜉𝑎𝑛𝑜𝑚 = 2(2𝑝,𝐵2 −𝑀Ω,𝜇) + 𝜉𝑎𝑛𝑜𝑚

𝑇𝑡𝑦 = −𝐸𝑥𝐵 2𝑝,𝐵2 −𝑀Ω,𝜇 +
𝜉𝑎𝑛𝑜𝑚
2

𝑇𝑡𝑦 = −𝐵5𝑦
𝜎

2

Anomalous contributions to constitutive equations



Conclusion

• Magneto-vortical effect in strongly coupled plasma

• Vector charge generation: non-anomalous and anomalous 

parts. Non-anomalous part dominates ~ log𝐵 at large B

• Axial current generation (CVE) suppressed ~𝐵−1 at large B

• Thermal Hall effect and thermal axial magnetic effect

Outlook

• Perpendicular B & Ω?

• Derive non-dissipative transport from generating functional

• Dissipative transport


