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Summary

electric field

/Y V V

y

Y

electrons accelerate forever — DC conductivity is 0o

two ways to resolve this issue:

dilute charge carriers

break translational invariance
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Bianchi spacetimes Biuceporel

Summary

—

Ohm's law: j(w) = a(w)E(w)

Drude model: m% +2V=gq

mu

j=ngv — 0(w)=("q27'> L

Reo

Paul Drude

frequency
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Drude model

Cuprate high temperature superconductors
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Holographic approach Charged black hole in Anti-de Sitter

Bianchi spacetimes Conductivity
Summary

[Maldacena, 1997] [Gubser-Klebanov-Polyakov] [Witten]

d-dimensional <= string theory in (d+1)-dim.
conformal field theory anti-de Sitter spacetime

global symmetries — gauge symmetries
finite T — black hole in AdS
finite p <= electrically charged black hole
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Charged black hole in Anti-de Sitter

Conductivity

Relativistic CFT3 with gravity dual and conserved U(1) global symmetry

1 4 6 1 5
Charged black hole solution

ds? = & (—F(r)dt® + d52) + R* &5,
- FN=1+% -4  A=p(1-2)dt
AdS,xR* =7 AdS, r= N =M v
=
w: chemical potential
horizon at r = n.
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Summary

compute conductivity using Kubo formula
o(w) = %(JX(W)JX(W»ret.

Jy dual to a, (which mixes with gt in the bulk)

the result:

o2

a(w):£+P-£+/Cw2

ie prescription gives d(w) in the real part — opc = ¢
two ways to resolve this issue:

dilute charge carriers
break translational invariance
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Conductivity
Conductivity (dilute)

2

log(w/T*")




Holographic approach
Conductivity

Conductivity (lattice)
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Bianchi spacetimes
Summary

Killing vectors satisfy 3d algebra [, ] = C,jfgk

invariant one-forms dw' = %Cij?wj A wk
type | (C,f =0)
& = 0; w' = dx’
type ll (C3=—-C3=1)
§12 =012 w! = dx! — x3dx?
& = 03 + x°0; w23 = dx?3

type lll (Cly =G4 =1)
§12 =012 wl = e~ dx!
& =03+ x10y w?3 = dx>3

etc. ..
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in translationally invariant systems opc = co (if p # 0)
this co can be resolved:

dilute charge carriers
break translational invariance

homogeneous: Bianchi spaces (can include time)
inhomogeneous: lattice (PDEs, not easy)
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