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Outline

• Fermionic analogue of shear viscosity

• Anisotropic holographic superfluids

• Universality in condensed matter

• Dynamically generated lattice in background 
magnetic field

• Slow-walking inflation
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Fermionic analogues of the shear viscosity
J.E., Steinfurt 1302.1869

Field theory: Anomalous Ward identity for supercurrent correlator

Holographic computation of diffusion constant in d=4:

Diffusion constant:

Policastro 0812.0992, Policastro+Kontoudi 1206.2067

Finite chemical potential: Gauntlett, Sonner, Waldram 1106.4694,  1108.1205 

Phonino mode:  Pole in supercurrent correlator

Supersymmetry spontaneously broken at nonzero temperature

Lebedev, Smilga 1989, Kratzert 2003
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Reminder: Holographic proof of universality of eta/s

Kovtun, Son, Starinets 2004

Gibbons, Das, Mathur 1996

Area a related to entropy η/s = 1/4π

Absorption cross section:



Supersymmetric hydrodynamics



Constitutive relation
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Dissipative contribution to supersymmetry current:

Also:



Universal absorption cross sections
Das, Gibbons, Mathur 1996



Fermionic absorption cross section     Das, Gibbons, Mathur 1996
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horizon area evaluated in conformally related flat space

Fermionic absorption cross section     Das, Gibbons, Mathur 1996

Constitutive relation, Kubo formula

J.E., Steinfurt 2013
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Holographic p-wave superfluids/superconductors

Key ingredient for changes to the 
universal result:  Spacetime anisotropy

Rotational  invariance broken

Holographic proof of eta/s universality relies on space-time isotropy

Anisotropic holographic superfluids 



Holographic p-wave superfluid with backreaction
Ammon, J.E., Grass, Kerner, O’Bannon 2009







Fluctuations: J.E., Kerner, Zeller 1011.5912, 1110.0007 



Fluctuations: J.E., Kerner, Zeller 1011.5912, 1110.0007 





Critical exponent confirmed analytically in Basu, Oh 1109.4592  



Helicity zero
J.E., Fernandez, Zeller 1212.4838 

Transport coefficient     associated to λ hxx − hyy

In unbroken phase: 
λ

s
=

1

72π
is universal

Normal stress difference induced by anisotropic strain

Of relevance for nematic crystals

Piezoelectric effect: Strain causes current
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Homes’ Law

Holographic version:

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

See also Horowitz, Santos 1302.6586



Not possible to calculate superconducting density     
holographically in translation invariant systems
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ρs

  

Idea:  Rewrite Homes’ Law using sum rules

σ(ω) = ρsδ(ω)Re
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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

Decrease may originate from pseudogap states whose 
number increases with backreaction

Sum rule



B field induced rho meson condensation

Isospin condensate is easily replaced by B field:

At → Ax

Ammon, J.E., Kerner, Strydom 2011
Bu, J.E., Shock, Strydom 2012

External B-field leads to rho meson 
condensation in the QCD vacuum



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

Bu, J.E.,  J. Shock, 
M. Strydom, 

2012



Holographic Set-up



Magnetic field



B-field induced condensation



Expansion about critical point



Perturbative strategy for finding ground state



Linear order solution



Fixing C n



Free energy



Free energy



Triangular ground state lattice

Bu, J.E., Shock, Strydom 1210.6669



Slow-walking inflation

J.E., Halter,  Núñez, Tasinato 1210.4179

• Warped throat supergravity solutions displaying 
`walking behaviour’

• Consider motion of D3-brane in this geometry

• Brane potential gives predictions in agreement 
with observations



Walking solutions Nunez, Papadimitriou, Piai 2008,
Elander, Nunez, Piai 2009



Walking solutions Nunez, Papadimitriou, Piai 2008,
Elander, Nunez, Piai 2009

N=1 supersymmetry

N D5-branes wrapping an S  inside CY cone (conifold)
Geometry asymptotes to Klebanov-Strassler in UV

2
c



D3-brane inflation

Slow roll parameters:

Induced metric:

DBI action:

Effective potential:



Effective potential

D5 in IR create force on D3 probe in IR
Force becomes weaker in UV KS region

Inflection point



Implications for cosmological parameters

Number of e-folds

Inflection point ensures small

suppressed by parameter



Implications for cosmological parameters



Conclusion

• Phonino related to supersymmetry current absorption cross 
section 

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

• Homes’ Law: new candidate for universal quantity

• B-field leads to condensation with triangular lattice ground 
state

• Gauge/gravity duality provides new approaches to 
universality

λ




