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 Conductivity is finite 
without impurities and 

with particle-hole symmetry
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Density correlations in CFTs at T >0 

Two-point density correlator, χ(k, ω)

Kubo formula for conductivity σ(ω) = lim
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In the hydrodynamic regime, we include

Transport properties can be computed from 
the equations of a relativistic fluid in an 

electromagnetic field 



• ρ, the difference in density
from undoped graphene.
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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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Momentum relaxation from impurities
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Solve initial value problem and relate
results to response functions (Kadanoff+Martin)



From these relations, we obtained results for the transport co-efficients, 
expressed in terms of a “cyclotron” frequency and damping:
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expressed in terms of a “cyclotron” frequency and damping:
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Cyclotron resonance in graphene
Markus Mueller and S. Sachdev, arXiv:0801.2970.



Conditions to observe resonance

Negligible Landau quantization

Hydrodynamic, 
collison-dominated regime 

Negligible broadening

Relativistic, quantum critical regime

}

Cyclotron resonance in graphene
Markus Mueller and S. Sachdev, arXiv:0801.2970.




