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Pure Einstein gravity in 2+1-D de Sitter space:
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Schwarzschild de Sitter thermodynamics:
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Can we reproduce this from a microscopic theory?
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SYK model

coupled to gravity
double scaled

dS; gravity

SL(2,C) CS
theory

Virasoro CFT

coupled to gravity
c,+C_=26
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SYK model = 1D many body QM with maximal chaos
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Double scaled SYK model has also been exactly solved:

Hype = &2 Z Jirip®iy i, ’\Fl)__ic; p2/N = A = fixed
i dp
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Dynamical mean field theory reduces to 2D Liouville theory

with complex central charge!
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Double scaled SYK model has also been exactly solved:
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2+1 de Sitter gravity can be reformulated as an SL(2,C) CS theory
Se = ik /(AdA +2A) — ik /(Z\dl\ +228)

A=e+tw A=e—w

Quantum states of SL(2,C) CS theory are Virasoro conformal blocks:
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2+1 de Sitter gravity can be reformulated as an SL(2,C) CS theory
Se = ix /(AdA +2A) — ik /(Z\dl\ + 22°%)

A=e+w A=e—w

Quantum states of SL(2,C) CS theory are Virasoro conformal blocks:

_ 8 2 (Los 5 o) _ % [2.(1as 5 ¢
S = /dz(28¢+6¢++2e+) = /dz(28¢_6¢_+26 )
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2D gravity theory: ¢, +c_=26 + bcghost
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= [ dug e 0120, ) -
g=e "

Al.B.Zamolodchikov showed that for complex Liouville CFT
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Coupling the SYK model to gravity V2:

H = H,—H_ Hy = #7 Jy a¥E .. o

p
i1...0p

(Hy — H_)|phys) =0

Coupled system of two identical SYK models with equal energy constraint:

[phys) = > an| En), |En) = [Bu)y | Bn)_

(B VP By = (Ba| Vi Ba), (Ba| V| Bo)
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*  What does de Sitter entropy represent?

* Do the usual rules of thermodynamics apply?
*  What role does quantum chaos play in dS?

*  What are good observables?

e Can we compute quasi-normal mode frequencies?
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R-matrix

k1
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6j-symbol of SL(2,R) = SU(1,1)

/

6j-symbol of U, (SL(2,R))
2+1 AdS Gravity

Jackson, McGough, HV
arxiv:1412.5205
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Mertens, Turiaci, HV
arxiv:1705.08508
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6j-symbol of U (SU(1,1))
double scaled SYK

Berkooz et al
arxiv:1811.02584




Coupling the SYK model to gravity V1:

St = X [dr (widrti ~ Ho) Hype = 23 G oo,

i1...0p

Promote couplings to time-dependent one forms with dynamical variance:

2r=1pl
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ds% = M) dr dry

=> Covariantizes the bilocal dynamical mean field theory!
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Dynamical mean field theory in double scaling limit takes the form
of a 2D Liouville CFT coupled to a dynamical background metric:

G(r1,7m2) = %Zwi(ﬁ)d)i(ﬁ) Glri,m) = er?m)

Sen[g. 1] @7 [01,9(r) Bryg (1) = 9(r)Ra(r) + T2 — 2 &)

N
= &7

This can be rewritten as the difference of two Liouville CFTs!

Seff[gzh} = SL[QDJr]_SL[QD*L pr=g+h, p_=h
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