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Anomalous transport

Kharzeev, Rajagopal,

Reaction _ pre-equilibrium UG ‘14
plane 2 07 -
(‘Fr)

post-equilibrium

X (defines W)

Also neutron stars, magnetars, early universe cosmology, Weyl/Dirac semimetals etc.



* Non-renormalization in the absence of dynamical gluons (QFT, hydro, holography):

ovv = a1 Us, Gy A4 — GAy — A1 f
a1
oy = a1 Uis, FAQ — a5 ( 2 +M§) + CT?

* Coefficient C fixed most probably by global GR anomaly :

*No universal form known in the presence of dynamical gluons.
*Both QFT and lattice indicate large corrections



Dynamical gluons in holography
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Chiral current is anomalous —> anomalous dimension A # 3

Holographic theory should include :

Bulk action should involve (m A - d Co)2



Generic non-conformal holographic theory

with Stuckelberg combination

External anomalies fix
Anomalous dimension Qr=mx, x=N¢Nc

For relevance in the IR: A<1



Holographic calculation of vector current

Read off the one-point function of the consistent current

Anomalous conductivities, from dependence of {(Jv) on elect./axial B and vorticity:

Chiral magnetic effect Chiral separation effect Chiral vortical effect
ovv OvA = OAV ovQ

Ansatz for background and fluctuations:



BRI ES

We solve perturbatively in x-derivatives and Qs



Example |: AdS-Reissner-Nordstorm

Conformal plasma with finite electric and axial charge

Corrections to universal value

Exhibits bounds



Example ll: arbitrary A, probe limit

Ignore the back reaction of sources on metric in AdS-RN




- Generation of chiral current due to vortices
- Typically much harder as requires axial perturbation fully
 Analytic solution possible at vanishing chemical potentials

A(A + 2) (1112 - i) 0 (Qi’v)}



A general formula



* Obtained contribution of dynamical gluons to anomalous conductivities

* Analytic results valid for large coupling, large N, small A
* Universal bounds and corrections

*Is the T2 term really determined by global gravitational anomaly?

*How to implement dynamical gluons contributions in hydro?
Hints from

* Chiral vortical separation and chiral magnetic wave?

*Can we identify distinct observables for the QGP and Dirac/Weyl semimetals?
*How do our predictions compare with lattice?



