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Motivations: Phenomenology

Anomalous conductivities of strongly interacting system

Cuprate phase diagram
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Motivations: Holographic model I

Conductivity of strongly interacting system by holography l

- Einstein-Maxwell system

SEM = / dizy —qg [R — 2\ — 1F2] — 2/ dgaj\/—”yK
M 4 oM

- Reissner-Nordstrom-AdS black hole
~ Boundary field theory at finite temperature and density
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Motivations: Holographic model

Conduc’rivi’ry Herzog, Kovtun, Sachdev and Son; Hartnoll 2007
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Motivations: Holographic model

Conduc’rivi’ry Herzog, Kovtun, Sachdev and Son; Hartnoll 2007
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Kramers-Kronig relation

Imo ~1/w < Reo(w)~dw) Translation invariance + finite density

Important to have a model without a delta function



Motivations: Holographic model

Momentum relaxation

‘lonic’ Lattice  A; ~ 1+ Agcos(kox) Horowitz, Santos, Tong: 1209.1098
O~ Ag COS(koiE) Horowitz, Santos, Tong: 1204.0512
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Motivations: Holographic model

AC conductivity |0(w) — (1/w)”
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Main questions
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Q5. Thermoelectric and thermal conductivity?

QO. Easier model capturing essential physics?
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> Momentum relaxation

‘lonic’ Lattice A: ~ 1+ Agcos(kox) Horowitz, Santos, Tong: 1209.1098
¢ ~ Ag cos(kox) Horowitz, Santos, Tong: 1204.0512

- Background: 7 PDEs in two variables
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- Fluctuations:11 PDEs in two variables
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~ Momentum relaxation simplified (ODE)

Y1 = Brix’ = B Andrade and Withers 1311.5157 | Sandip Trivedi
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Q-lattice model: Donos and Gauntlett (1311)
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' RN AdS black holes I

- Einstein-Maxwell system
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- Reissner-Nordstrom-AdS black hole
~ Boundary field theory at finite temperature and density

dr? o
ds? = — f(r)dt? + — + r28;:dz'da’ ,
A ey 0
3 2 2,2
2 T M KT
=r2- 0 (14
flr)=r - ( +4T8)+4r2’
A:,u(l—r—o)dt
r

Hartnoll, 1106.4324



Electric, Thermoelectric, Thermal conductivity

Fluctuations
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Two issues for generalisation

1. more than one equation
2. identify the sources and currents
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Systematic numerical methods

Fluctuations
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Checking numerical methods
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' RN AdS black holes + scalar I

Bardoux, Caldarelli, Charmousis (2012), Andrade, Withers(201 3)
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Fluctuations
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AC electric conductivity

DC limit
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Drude like?
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| Drude of=Tel I

Drude model
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‘ Drude peak I
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Drude peak
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Motivations: Phenomenology
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Intermediate frequency scaling
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Thermal and thermoelectric conductivity
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Summary and plan I

Summary

By using Andrade and Withers model 1 = Brizt = Borx

- AC electric conductivity

- Coherent metal regime vs Incoherent metal regime

KTt
+0Q 7%%

a(w) - 1 —wwr

- No intermediate scaling yet

- Thermoelectric conductivity
Systematic numerical recipe

Ongoing work

~ Magnetic field: Dyonic black hole

Holographic superconductor

Future plan

- Other models: Anisotropic case, Einstein-Maxwell-Dilaton, etc
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Hall conductivity
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