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2. The strange metal
Metal without quasiparticles
Infinite-range model: dual to extremal charged
black holes and yields
Bekenstein-Hawking entropy
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A new metal —

a fractionalized
Fermi liquid (FL*)
— with electron-
like quasiparticles
on a Fermi surface
of size p coexisting

with topological

order




Fractionalized Fermi liquid (FL*)
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area p
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“topological
order”

T. Senthil, S. S., M.Vojta Phys. Rev. Lett. 90, 216403 (2003)
R. K. Kaul, A. Kolezhuk, M. Levin, S.S., and T. Senthil, Phys. Rev. B 75, 235122 (2007)
E. G. Moon and S. S. Phys. Rev. B 83, 224508 (201 1): M. Punk, A. Allais, and S. S., arXiv:1501.00978.
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An infinite-range model of a
strange metal

S.Sachdev and ].Ye, Phys. Rev. Lett. 70, 3339 (1993)
A. Kitaev, unpublished
S.Sachdey, arXiv:1506.051 | |
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Local fermion density of states

(w) w1/2 , w >0
% o—27E ]w\_l/Q, w < 0.
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Local fermion density of states

(w) w1/2 , w >0
% o—27E ]w\_l/Q, w < 0.

Known ‘equation of state’
determines £ as a function of O

1 1
= —(3 — tanh(27&)) — — tan~! (™
Q 4( anh(27&)) — tan (e*7)
A. Georges, O. Parcollet, and S. Sachdev

Phys. Rev. B 63, 134406 (2001)
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Local fermion density of states

(w) w1/2 , w >0
% o—27E ]w\_l/Q, w < 0.

Known ‘equation of state’
determines £ as a function of O

MICTOSCOPIC Z€r0 temperature O. Parcollet,A. Georges, G. Kotliar, and A. Sengupta
entropy density, S, obeys Phys. Rev. B 58,3794 (1998)

8_5 — O E A. Georges, O. Parcollet, and S. Sachdev
50 " Phys. Rev. B 63, 134406 (2001)
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p(w) ~ { i
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Gauge field: A = (£/()dt

L= @FO&Daw T mgw
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T. Faulkner, Hong Liu, J. McGreevy, and D.Vegh
Phys. Rev. D 83, 125002 (201 1)
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L= @FO&Daw + mgw

Local fermion density of states Local fermion density of states
w2 , w >0 (w) w172 , w >0
p(w) ~ e=27€ || ~1/2, W < 0. P e=27E || ~1/2 < 0,

‘Equation of state’ relating &£
and O depends upon the geometry
of spacetime far from the AdS,

Known ‘equation of state’
determines £ as a function of O

Microscopic zero temperatuf Combination: yack hole thermodynamics
entropy density, S, obeys (classical GR) yields

0S 1 0A
5’Q s .Ab 8Q 87TGN5

S.Sachdeyv, arXiv:1506.051 | |
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