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Motivation:

Gauge/gravity duality: New tools for strongly coupled systems

This talk: 
Deviations from this result at leading order in    and λ N

Famous result: Shear viscosity/Entropy density
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Kovtun, Son, Starinets

Search for similar result in condensed matter context

From `Planckian time’ τP =
�

kBT
,   Universal result



New holographic quantum critical points

Holographic p-wave superfluids/superconductors

Nematic phase  (Condensate breaks rotational symmetry)

Key ingredient for changes to the 
universal result:  Spacetime anisotropy

Rotational  invariance broken

Holographic proof of universality relies on space-time isotropy



Outline

• Holographic superconductors

• Transport coefficients in anisotropic systems

• Universality in AdS/CMT

• Condensates at finite magnetic field



Reminder: Holographic Superfluids/Superconductors

• Holographic Superconductors from charged scalar 
in Einstein-Maxwell gravity                              
(Gubser; Hartnoll, Herzog, Horowitz)

• p-wave superconductor                                
current dual to gauge  field condensing          
(Gubser, Pufu)                                                          
SU(2) Einstein-Yang-Mills model



s-wave superconductor:

ψOperator       dual to scalar      condensing 
Herzog, Hartnoll, Horowitz 2008

O

p-wave superconductor:

Current       dual to gauge field component       condensing    
Gubser, Pufu 2008          
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P-wave superconductor from probe branes

• A holographic superconductor with field theory in 
3+1 dimensions for which

• the dual field theory is explicitly known

• there is a qualitative ten-dimensional string theory 
picture of condensation                                                                               

Ammon, J.E., Kaminski, Kerner 0810.2316, 0903.1864



Additional D-branes within                 or deformed 
version thereof 

AdS5 × S5

Brane probes added on gravity side
fundamental d.o.f. in the dual field theory (quarks)

⇒

This is achieved in the context of 
adding flavour to gauge/gravity duality



Quarks within Gauge/Gravity Duality

Adding D7-Brane Probe:

0 1 2 3 4 5 6 7 8 9
D3 X X X X
D7 X X X X X X X X

Probe brane fluctuations      Masses of mesons (        bound states) ⇒ ψ̄ψ



On gravity side: 
Probe brane fluctuations described by Dirac-Born-Infeld action

On field theory side: Lagrangian explicitly known

L = LN=4 + L(ψq
i, φq

i)



Turn on finite temperature and isospin chemical potential:

Finite temperature: Embed D7 brane in black hole background

Calculate correlators from fluctuations

Isospin chemical potential:  Probe of two coincident D7 branes

Additional symmetry U(2) = SU(2)  x U(1)I B

J3 = ψ̄dγ3ψu + bosonsCondensate �J3�,

rho meson condensation in Sakai-Sugimoto:
Aharony, Peeters, Sonnenschein, Zamaklar ’07



Ammon, J.E., Kaminski, Kerner ’08



Effective 5d model        anisotropic shear viscosity



Hairy black hole solution





Variation of on-shell action at AdS boundary gives







Fluctuations about equilibrium



Anisotropic shear viscosity

Holographic calculation: J.E., Kerner, Zeller  1011.5912; 1110.0007



Classification of Fluctuations



Helicity 1 modes: 

One non-trivial helicity 2 mode             

gives well-known result η/s = 1/4π

Transport coefficients from Green functions



Linear response 



Critical exponent confirmed analytically in Basu, Oh 1109.4592  



Flexoelectric Effect

Nematic crystals:                                                                             
A strain introduces spontaneous electrical polarization

In our case:
A strain        introduces an inhomogeneity in the current 

which introduces a current 
hx⊥

J x
1 J⊥

±

J.E., Kerner, Zeller 
1110.0007



Candidate: Homes’ Law

Is there a similar universal result as              
within condensed matter applications of 
holography?
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Homes’ Law

Holographic version:

Preliminary results in J.E., Kerner, Müller 1206.5305



Not possible to calculate superconducting density     
holographically

ρs

  

σ(ω) = ρsδ(ω)

Idea:  Rewrite Homes’ Law using sum rules





Including the backreaction we expect  D =
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Including the backreaction

Backreaction parameter

Phase diagram



α

R charge and momentum diffusion times T  vs. c α



Reasons for decrease

Sum rule

Decrease may originate from pseudogap states whose 
number increases with backreaction





Condensation in magnetic field 

cf. Chernodub;
Callebaut, Dudas, Verschelde;
Donos, Gauntlett, Pantelidou

Fluctuations



Comparison to field theory calculation

Condensate M. Chernodub Condensate Gauge/Gravity Duality

Magnetization
Gauge/Gravity Duality

J.E.,  J. Shock, 
M. Strydom, 
to appear



Conclusions

• D3/D7 with finite isospin: Holographic p-wave 
superconductor with known dual field theory

• Add backreaction in bottom-up model

• Anisotropic shear viscosity:                                              
Non-universal contribution at leading order in N and 

• Flexoelectric effect

• Progress towards holographic Homes’ law

• Condensation at finite magnetic field

λ


