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Quantum Ising model
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Quantum Ising model
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Quantum generalization of the Sherrington-Kirkpatrick model to
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Quantum generalization of the Sherrington-Kirkpatrick model to
S = 1/2 spins with SU(2) symmetry
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Action for quantum spin glass order Qq(7)
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G-2-Q) theory of SU(M) spin model

Generalize to SU(M) spins and introduce fermionic spinons f,, a=1,..., M
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SU(M ) spin model

In the limit M — oo, the saddle point equations for the fermion
Green’s function, self energy and () become

Yab(T) = JZQab(T)GCLb(T)
Glap(iw) = [iwdap — Sap(iw)] ™
Qab(T) = —Gab(T)Gba(_T)

S.Sachdev and |.Ye, PRL 70, 3339 (1993)



SU(M ) spin model

In the limit M — oo, the saddle point equations for the fermion
Green’s function, self energy and () become

(7)) = J*Qua(T)G(T
G(iw) = [iw — Z(iw)] "

Qab(T) —G(T)G(—T)5ab
It is not possible for a fermion Green’s function to have non-zero

replica off-diagonal components. Then ()., must also be replica di-
agonal, and these equations are precisely those of the SYK model!

Solution of these equations yield a spin liquid ground state.

S.Sachdev and |.Ye, PRL 70, 3339 (1993)



Dynamic spin susceptibility of the spin liquid at M = oo
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Dynamic spin susceptibility of the spin liquid at M = oo
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Numerical solution of SYK equations (SY, PRL 1993), compared with
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Exact diagonalization of clusters of SU(2) spins
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G-2-Q) theory of SU(M) spin model
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G-2-Q) theory of SU(M) spin model
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s ~ Jexp (—\/Mﬂ') . e VAT =0.0815. ..

Georges, Parcollet, S.S. (2001) T
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Dope the quantum Sherrington-Kirkpatrick model
with mobile electrons
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SU(M) spin model

Entropy S(T')
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SU(M) spin model

Entropy S(T')
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Anti-de Sitter Fragmentation

Juan Maldacena, Jeremy Michelson, Andrew Strominger

Low-energy, near-horizon scaling limits of black
holes which lead to string theory on AdSs x S5
are described. Unlike the higher-dimensional
cases, in the simplest approach all finite-energy Q, o
excitations of AdSs x Sy are suppressed. :
Surviving zero-energy configurations are There is an asymptotically
described. These can include tree-like structures Minkowskian region and a single
in which the AdS, x S5 throat branches as the charge ()1 + ()2 throat region
horizon is approached, as well as disconnected which divides into two throats ot
AdS, x S5 universes. charges @1 and Q2.



D. Anninos, T. Anous, J. Barandes, F. Denet, and B. Gaasbeek, “Hot Halos and Galactic Glasses,”

JHEP 01, 003 (2012), arXiv:1108.5821 [hep-th] .

We show that an exponential multitude of classically stable “halo” bound states can be formed in
four-dimensional N = 2 supergravity between large finite temperature D4-D0 black hole cores and
much smaller, arbitrarily charged black holes at the same temperature. Several features of these
systems, such as a macroscopic configurational entropy and exponential relaxation timescales, are
similar to those of the extended family of glasses.



Summary

e Theory of finite density gauge-charged
matter: crossover from fractionalized SYK
spin liquid to a confining spin glass state.

e Holography: SYK spin liquid dual to black
holes with AdS> horizons

e Confining spin glass: dual to AdS»

fragmentation (Maldacena, Strominger, Anous,
Denef, Haehl...)



