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Motivation

Gauge/Gravity Duality:

novel method to study strongly coupled theories

simple calculations to determine the dynamics of these systems

prediction η
s

= 1
4π

,
good agreement with measurements of Quark-Gluon-Plasma
(RHIC)

Anisotropic Systems:

more than one distinct shear mode

deviation of η
s

from 1
4π

in holographic systems
⇒ step towards applying gauge/gravity duality to real-world
systems
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Gauge/Gravity Duality

classical gravity in
asymptotically AdS space

dual field theory on the
conformally flat boundary of the
AdS space

field theory ⇔ gravity theory

strongly coupled ⇔ weakly coupled
finite temperature ⇔ black hole
finite chemical potential ⇔ 〈At〉 6= 0
spontaneous breaking of global sym-
metries

⇔ hairy black holes
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Hydrodynamics – Overview

long wavelength, small frequency fluctuations

effective theory describing macroscopic behaviour of the system

response of the system encoded in a small number of transport
coefficients, e.g.
shear viscosity, bulk viscosity, diffusion coefficient, conductivity

constitutive equations

Tµν = Tµν
eq. + Πµν and Jµ = Jµeq. + Υµ

with Πij ∼ η (∂iuj + ∂jui )
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What is the Shear Viscosity?

measure of the momentum
diffusion transverse to the
momentum

in general: viscosity tensor ηαβγδ

anisotropic systems:
21 independent components
(shear as well as bulk viscosities)

isotropic systems:
1 independent shear viscosity

transversely isotropic systems:
2 independent shear viscosities
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What is the Shear Viscosity?

ηyz :

vz

y

z

∇yvz

ηxy :

vy

x

y

∇xvy
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Shear Viscosity of Weakly Coupled Theories

shear vicosity η ∼ εlmfp

mean free path lmfp ∼ 1
nσ

in λφ4 theory:

η ∼ T 3

λ2
, with λ� 1

using s ∼ T 3

⇒ η

s
∼ 1

λ2
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Shear Viscosity from Gauge/Gravity Duality

universal property of strongly coupled isotropic field theories with
classical, two-derivative gravity dual

η

s
=

1

4π
' 0.079

RHIC experiment: Quark-Gluon-Plasma has small shear viscosity

η

s
∼ 0.2

⇒ it is strongly coupled

conjecture by Kovtun, Son and Starinets:

η

s
≥ 1

4π

for all substances found in Nature
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Shear Viscosity from Gauge/Gravity Duality
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Holographic System with Spontaneous Broken Rotational
Symmetry

setup: SU(2) Einstein-Yang-Mills theory in (4 + 1)-dimensional
asymptotically AdS space

with finite temperature and finite chemical potential

condensation of an operator

below a temperature Tc

with a preferred direction (x-axis)

⇒ rotational symmetry spontaneously broken
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Holographic System with Spontaneous Broken Rotational
Symmetry
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Shear Viscosity from Gauge/Gravity Duality with
Spontaneous Broken Rotational Symmetry

considering fluctuations with small frequencies

SO(2) rotational symmetry in yz-plane
(i.e. transversely isotropic background)

⇒ 2 distinct shear viscosities: ηyz and ηxy

Hansjörg Zeller Anisotropic Hydrodynamics from Gauge/Gravity Duality 02/05/2011 10/13



Shear Viscosity from Gauge/Gravity Duality with
Spontaneous Broken Rotational Symmetry

considering fluctuations with small frequencies

SO(2) rotational symmetry in yz-plane
(i.e. transversely isotropic background)

⇒ 2 distinct shear viscosities: ηyz and ηxy

Hansjörg Zeller Anisotropic Hydrodynamics from Gauge/Gravity Duality 02/05/2011 10/13



Shear Viscosity from Gauge/Gravity Duality with
Spontaneous Broken Rotational Symmetry

considering fluctuations with small frequencies

SO(2) rotational symmetry in yz-plane
(i.e. transversely isotropic background)

⇒ 2 distinct shear viscosities: ηyz and ηxy

Hansjörg Zeller Anisotropic Hydrodynamics from Gauge/Gravity Duality 02/05/2011 10/13



Shear Viscosity from Gauge/Gravity Duality with
Spontaneous Broken Rotational Symmetry
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Conductivity

Jy = σyyEy
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Conclusion and Outlook

Conclusion:

Spontaneous breaking of rotational symmetry

⇒ deviation from η
s

= 1
4π

step towards applying the gauge/gravity conjecture to real-world
systems

superconducting properties of conductivity:
δ-peak and frequency gap

Outlook:

uncovering of remaining transport properties

⇒ enables us to write down the field theory

zero temperature behaviour of transport coefficients
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Thank you!
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Equations

SU(2) Einstein-Yang-Mills theory:

S =
1

2κ52

∫
d5x

[
R − Λ− α2

2
F a
MNF

aMN

]

metric ansatz:

ds2 = −N(r)σ(r)2dt2 +
r2

f (r)4
dx2 + r2f (r)2

(
dy2 + dz2

)
+

1

N(r)
dr2

gauge field ansatz:

A = φ(r)τ3dt + w(r)τ1dx

equations of motion:

RMN − 4gMN = α2

(
TMN −

1

3
T P
P gMN

)
,

with: TMN = F a
PMF a P

N −
1

4
F a
PQF

a PQgMN

∇MF aMN = −εabcAb
MF c MN
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Fluctuations

fluctuations:

ĝMN = gMN + hMN and Âi
M = Ai

M + aiM

real-time retarded Green’s functions

Gµν,ρσ(ω,~k) =

∫
d4x e−ikµx

µ
θ(t) 〈[Tµν(t,~x),T ρσ(0)]〉

Gµν,iρ(ω,~k) =

∫
d4x e−ikµx

µ
θ(t) 〈[Tµν(t,~x), J iρ(0)]〉

G iµ,jν(ω,~k) =

∫
d4x e−ikµx

µ
θ(t) 〈[J iµ(t,~x), J jν(0)]〉

transport coefficients using Kubo formulas:

ηxy = − lim
ω→0

1

ω
Im (G xy ,xy (ω, 0))

σyy = −i G
3y ,3y

ω

Hansjörg Zeller Anisotropic Hydrodynamics from Gauge/Gravity Duality 02/05/2011 15



Fluctuations

fluctuations:
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