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Bekenstein-Hawking entropy density, SBH ⇠ T d
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Gubser, Klebanov, Peet 96

For SU(N) SYM in d = 3, SBH = (⇡2/2)N2T 3
. But there is (still)

no confirmation of this from a field-theory computation on SYM.
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Strominger 97

Correspondence in d = 1:

S = SBH =

⇡

3

c T ,

where c = 12⇡L/2
is the central charge of the CFT2.
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A. Chamblin, R. Emparan, C. V. Johnson, and R. C. Myers, 99

Realizes a strange metal: a state with an unbroken global U(1)

symmetry with a continuously variable charge density, Q, at

T = 0 which does not have any quasiparticle excitations.



General Relativity of charged black branes
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• Both E and SBH are determined by Q, and both vanish as Q ! 0.

• Near the boundary, A = µdt, where µ is the chemical potential
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What is a possible quantum theory on 
the boundary ?

A critical strange metal state with infinite-range
interactions obtained in 

S. Sachdev and J. Ye, Phys. Rev. Lett. 70, 3339 (1993)

S. Sachdev, Phys. Rev. Lett.105, 151602 (2010)
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Jij;k` are independent random variables with Jij;k` = 0 and |Jij;k`|2 = J2

N ! 1 yields same critical strange metal; simpler to study numerically

OR



Infinite-range strange metals

S. Sachdev and J. Ye, Phys. Rev. Lett. 70, 3339 (1993)
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These equations and invariances have similarities to those of the

large N limit of quantum spins at the spatial boundary of a CFT2

(multi-channel Kondo problems)

A. Georges and O. Parcollet
PRB 59, 5341 (1999) 

A. Kitaev, unpublished
S. Sachdev, arXiv:1506.05111

O. Parcollet, A. Georges, G. Kotliar, and A. Sengupta 
PRB 58, 3794 (1998)
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O. Parcollet, A. Georges, G. Kotliar, and A. Sengupta  Phys. Rev. B 58, 3794 (1998)
A. Georges, O. Parcollet, and S. Sachdev  Phys. Rev. B 63, 134406 (2001) 

N. Andrei and C. Destri, PRL 52, 364 (1984).
A. M. Tsvelick, J. Phys. C 18, 159 (1985).
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The entropy per site, S, has a non-zero limit as T ! 0,

and is similar to universal boundary entropy of the Kondo
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