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Main idea

STU-model duality 3-charge fluid with
(AdS black hole - » anomalies in external
with 3 charges) gauge fields

|

|
reduction to two charges |
|

v \
2-charge fluid with the

- - axial anomaly in
external e.-m. fields

a gravity model
with 2 charges




Hydrodynamics

Three-charge model:
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where stress-energy tensor and U(1) currents:

Magnetic field
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Quantum anomaly — classical dynamics!
Son and Surowka (2009)



Transport coefficients
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where the coefficients are
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Here p° is a chemical potential associated with density p°



Reduction to two charges

Hydrodinamic equations: identifications:
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where vector and axial currents are
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Holography. Algorithm.

Fluid on the boundary, gravity in
the bulk. Input: energy density, r=0
anomaly, background fields, etc.

Fix metric components (and gauge fields components),
Chern-Simons parameters, etc in the bulk.

Solve equations of motion for the bulk fields
(i.e. Einstein-Maxwell-...).

Read off a nontrivial result (i.e. transport coefficients)
from the near-boundary expansion of the gravity solution.

see also Bhattacharyya, Hubeny, Minwalla and Rangamani (2008), Torabian and Yee (2009)



Gravity. STU-model.

Holograhic dual of U(1)3 theory — the STU-model:
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Here we have:

1. Metric & yv, where M, N =0, ..., 4.

2. Three U(1) gauge fields 4}, , where a =1, 2, 3. Gab:56abc (Xc)

3. Three scalars X : X' x*x’=1

Behrndt, Cvetic, Sabra (1999)



Boosted black brane
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Next order

We slowly vary 4-velocity and background fields

uuz(—l, xvavui)
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Then solve equations of motion for this case and find corrections to
the metric, gauge fields and scalars.
And consider the near-boundary expansion (Fefferman-Graham coordinates):
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Transport coefficients
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Transport coefficients

(zeroth order)
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Transport coefficients
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Transport coefficients

h ord ga: 1 Sabc b c_quaSbcd b c d
(zeroth order) ® 16T[G5 3Im
'mqa: pa ab 1 abc ¢ \/mqa bed ¢ d
2m  e+P EB_167[G5 ST T S
(first order) MaEAg(]/'H)— Ag(oo)

Swc=161Gs:C . —» We recover the hydrodynamic result!



Time-dependent model

Scaling: v=1"3p m=Tt

Time-dependent black-brane solution:

ds’=—H"(v) f(v)dT+2H"(v)d T dr
+HP()[(14r3d v+ d x ),
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Repeating the usual algorithm we can in principle find
time-dependent transport coefficients!

a_ ~—2/3 a
q =T 0
7 (v)=r* —%m(\/))
o\V)=13 T2 4
T vV Tq,
3
Hv)=]1H(v)
a=1
) q,
H (v)zl—l——g
’



Thank you for the attention!
and

Have a good time!
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