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Quantum critical region







  

Quantum critical:

Non-critical:

Large separation of time scales: classical relaxation
(collisions of quasiparticles)

Equilibration/mean free time



  

Resistivity in critical region:

Equilibration/mean free time



  
[Coleman, Schofield Nature 433, 226]

Orange:
Resistivity Linear
 in Temperature

Good agreement with experiments







  

From gauge/gravity duality models, we expect a universal

 hydrodynamic description of scale-invariant theories

This was already argued by condensed matter physicists,

but not developed in the same way as for relativistic theories

We initiate the formulation of hydrodynamics of quantum 

critical points at finite temperature

[Sachdev & Ye]





  

Hydrodynamics



  

Time-like Killing vector: defines rest frame of the fluid



  

Time derivatives:

Space derivatives:

Example: z=2 Lifshitz scalar



  

Time and space translations:

Symmetry generators

Anisotropic dilatations:



  

Conservation equations:

“Trace” of energy-momentum tensor:

Ward identities

Lorentz symmetry is broken:



  

Constitutive relations

Ideal energy-momentum tensor:

Scale symmetry and equation of state:

  



  

Temperature dependence

Scale symmetry:

Thermodynamic relations:

Temperature dependence:

  



  

Constitutive relations

Energy-momentum tensor:

Landau frame condition:



  

Second law of thermodynamics

Local form:

Entropy current:



  

Dissipative terms

Symmetric terms:



  

Dissipative terms

Anti-symmetric terms:

Rotational invariance:





  

Application: 
Drude model of strange metal



  

Non-relativistic limit

Ideal equations of motion:





  

Ideal equations of motion:



  

Scaling dimensions:

Conductivity:

Resistivity linear in T independent of z and d



  

Dissipative terms

Linear acceleration:

Shear:

Coriolis acceleration:



  

Corrections to the conductivity

Estimate for





  

Grazie!


