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(covariant) Chiral anomalies
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axial charge approximately conserved for weak external fields



Hydrodynamics w/o anomaly
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normal transports dissipative, constrained by entropy



Hydrodynamics with anomaly
0,T" = Fe s\ OuJ§ = CEgBs,
think of a world with axial charge and axial fields only
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Anomlous transports non-dissipative, almost fully determined by entropy
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Known anomalous transports

Chiral Magnetic/Separation Effect (CME/CSE)

J=CuseB Js=CueB Vilenken, PRD 1980
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Kharzeev, McLerran, Warringa, NPA 2008

Chiral Vortical Effect (CVE)
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T4 and gravitational anomaly
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Spin alignment picture
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Spin polarization as momentum-unintegrated CVE
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Interplay of magentic and vorticity fields
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Magneto-vorticity effect
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Interpretation as CSE

Vi susceptibility from lowest

J5 = CpeB = CYEB x = Cle|B Landau level state



Alternative interpretation

JV— _WV.P—-—2M - w Kovtun, JHEP 2016
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P: polarization
M: magnetization sum of spin of LLL state

C
C A - 5
J: = —‘e‘(B . w)B Inter[.)ret.atlon as CVE" o
2 Gravitational anomaly contribution?



MVE In magnetized plasma

Holographic model
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Neutral magnetic brane background

ds? = 2drdt — f(r)dt®> + V7 (dz? + dy?) + 2V (1) 422
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Dual to neutral magnetized plasma

Analytic background known for weak B
Numerical background available for arbitrary B



Metric induced vorticity
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Limits taken in a static state



Uniqueness of static state

Static state fixed dynamically!

Turn on vorticity adiabatically, time-dependence necessary

bulk perturbation 5({'.’752} = 2Wr () O gty (7, t, x)dtdy + 09,y (7. t, x)dxdy]

OV = oVi(r, t,x)dt + 6V (r, t, x)dx, 0A =0A.(r.t,x)dz,

Adiabatic limit o — 0



Analytic results for weak B
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Non-anomalous contribution agrees with MHD
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Scheme dependence

1 | . o
ASct. = —5,2 fnf“l;r — (% (F" )W (FV)" )

1 1]

Fp_y — Elu_ypg'”-pBU -+ Elu_'f.ibr — EL;'H.P_._

e A']t s (I(B ; f.d)

shift magnetic susceptibility 2p g2 = 3—2—5(35)



MVE In magnetized plasma

classical kinetic theory
(0 +v -V +QE+v xB)-V,) f(X.p) =C[f].

chiral kinetic theory
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Hidaka, Pu, Yang, PRD (2017)
+many more



Wigner function formalism
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assume weak off-equilorium hOx < p
Wigner function solved by j expansion



CKT with free particle vs Landau level basis
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| owest Landau level solution
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|. Drift state

steady state with a drift velocity
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Matching drift state with MHD
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matching with MHD structure
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|l. Vortical state

Ambiguity of static state also exists
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Matching vortical with MHD
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Vacuum state ambiguity
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assumes state unchanged as vorticity is turned on
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MVE from kinetic theory
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Summary & Outlook

Magneto-vortical effect as a new anomalous effect

Scheme dependence of MVE seen in interacting theory

Vacuum ambiguity fixed dynamically in strongly coupled plasma
Vacuum ambiguity fixed by matching with MHD in weakly coupled
plasma

Generalization to higher LL? Collisional effect?

Thank you!
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