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Motivation
What is the Hilbert space of a two-sided black hole?

e In AdS/CFT, how does gravity know factorisation?
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e More broadly, what is the algebra type for one-sided observables?
QFT Pert. Grav. Full Quant. Grav.
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Main result

e “Puzzle” mostly at the perturbative level

7"pert. ~ ngav. X Hmat.
e \We prove that non-perturbative corrections will provide resolutions

mon-pert] Tryy, o (kpkr) = Tryg, (kp) X Tryp (Fr)

l

[non-pert.] Houk = Hr & Hr

e In particular, Wormhole contributions to gravitational path integral are crucial




Set-up

e JT+matter break Hamiltonian constraint
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e The bulk trace and replica wormholes

Tray (FLER) = nh_}l_ll((hl(lj)n(qi|l-7LkR|qj)




Probing factorisation

e Bulk trace Teru1k<kLkR) = TI';LLL (kL) X TrHR(kR)
more precisely  Z, . (BL, Br) = Tra, .. (6—ﬁLHL e—ﬁRHR)
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Probing factorisation

o Differential equation d(3.,3r) =d(BL,Br)? =0

log [1 + d(BL, Br)]
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Thank you!



Extra slides



Barred v.s. unbarred
Leading order in K
Tryg, (k) (KLkR) = Try, (kr) Try, (FRr) <> Tray ) (BLkr) = Tryg, (k) Tryg, (kg)
In general, the barred one is correct because of the non-trivial statistics of energy levels
Dimension of the Hilbert Space

dimy, , =d? = '/‘;/)(]:‘L)/)(En) with £ energy cut-off

Note that even with a cut-off, #,,.is infinite dimensional

Irrelevance of UV divergence and higher dimensional generalization

(1) very general symmetry property argument for diff. eq.
(2) the matter supported wormholes are saddles and not the ones causing UV div. In JT+matter

K independence

K is a parameter in the technique, irrelevant to the property of the actual H;,,.i
checked 1/K expansions, no effect; expect exp. small # of outliers in which H}uk is not spanned

Basis independence
checked using operators with different conformal dimensions, length basis, etc
About gauge symmetry

Want no energy degeneracy so that the bulk trace factorisation tells about factorised basis
No boundary global symmetry and no bulk gauge symmetry
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The end of talk brane




