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“pair density wave”
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“Glassy” Valence Bond Supersolid
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The insulator:
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No wave or quasiparticle 
description 
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σSuperconductor(T → 0) = ∞
σInsulator(T → 0) = 0

σQuantum critical point(T → 0) ≈ 4e2

h
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Hydrodynamics of a conformal field theory (CFT)

The scattering cross-section of the thermal 

excitations is universal and so transport co-

efficients are universally determined by kBT

 Charge diffusion constant

Conductivity
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Hydrodynamics of a conformal field theory (CFT)

The AdS/CFT correspondence (Maldacena, Polyakov) relates 

the hydrodynamics of CFTs to the quantum gravity theory of 

the horizon of a black hole in Anti-de Sitter space.



Holographic 

representation of black 

hole physics in a 2+1 

dimensional CFT at a 

temperature equal to the 

Hawking temperature of 

the black hole.

Black hole

3+1 dimensional 
AdS space
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Spin diffusion constant

Spin conductivity

For the (unique) CFT with a SU(N) gauge field and 

16 supercharges, we know the exact diffusion 

constant associated with a global SO(8) symmetry:
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Conservation laws/equations of motion
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Constitutive relations which follow from Lorentz 
transformation to moving frame
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Single dissipative term allowed by requirement of 
positive entropy production. There is only one 

independent transport co-efficient
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For experimental applications, we must move away from the ideal CFT 

e.g.

• A chemical potential μ

• A magnetic field B

• An impurity scattering rate 
1/ imp (its T dependence 

follows from scaling 
arguments) 

CFT
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LSCO - Theory
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LSCO - Experiments

N. P. Ong et al.
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Similar to velocity estimates by 
A.V. Balatsky and Z-X. Shen, Science 284, 1137 (1999).



To the solvable supersymmetric, Yang-Mills theory CFT, we add 

• A chemical potential μ

• A magnetic field B

After the AdS/CFT mapping, we obtain the Einstein-Maxwell 
theory of a black hole with 

• An electric charge

• A magnetic charge

The exact results are found to be in precise accord with 

all hydrodynamic results presented earlier

S.A. Hartnoll, P.K. Kovtun, M. Müller, and S. Sachdev, arXiv:0706.3215



• General theory of transport in a weakly disordered 

``vortex liquid’’ state.

• “Relativistic” magnetohydrodynamics offers an efficient 

approach to disentangling momentum and charge 

transport

• Exact solutions via black hole mapping have yielded 

first exact results for transport co-efficients in interacting 

many-body systems, and were valuable in determining 

general structure of hydrodynamics.

• Simple model reproduces many trends of the Nernst 

measurements in cuprates.

Conclusions


