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Why black holes?

* Black holes are one of the few objects in the universe where
curved-space QFT and quantum gravity effects manifest.

* They appear to have thermodynamic properties:






Laws of black hole mechanics

* In any Lagrangian theory of gravity: - gezr,o\cvsg 1 (9)33
5H§ — / Q(gb, 5(/5’55@ Entropy < Diffeos.
5
1
d
/ 5@5 :/ 5Qf _ ig@ Qg ~ 167 Eabcdvcf
B 00 ) \
Ty = 22 Sz27r/Q§ T16S = 66 — Q6T
27 B ! )

* Can be interpreted as a physical process or global state comparison.



Hawking Radiation




Hawking Radiation

* The evaporation process is
ordinarily thought to be a feature
particular to event horizons.

* Really all we need is a particular
relation between null generators:
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Anti-de Sitter Space

Possesses nice boundary structure suitable for holography.
Periodic (closed) orbits.

A natural length scale separating
two distinct regions.
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Anti-de Sitter Space

* The Ads length scale separates two regions:

Minkowski
region
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Conformal boundary




The Hawking-Page transition

: : T
Consider an asymptotically AdS 0.15 s
(A <0) black hole spacetime.
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Reissner-Nordstrom-AdS (biznak Mann, Teo 2017
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(Gauss-Bonnet Lo = a (Rapea R — 4R, R + R?)
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What about de Sitter?

* In asymptotically flat and de Sitter spacetimes, black holes
evaporate and there is no thermal equilibrium.
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What about de Sitter?

* Take a semi-classical path integral approach:
Gibbons, Hawking 1977

York et al 1986
Z — Ty e PH ~ /D[g] e_IE/ﬁ ~ ¢ 1E gell/ R Whiting York 1988

Carlip, Vaidya 2003
* Data is fixed at a finite boundary in the spacetime:
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What about de Sitter?

Coexistence line is |
from above and bel

bounded

ow due

to the presence of

(S

cosmological horizon.

Need to be careful about
how the thermodynamic
ensemble is defined.

Banihashemi, Jacobson 2022

Banihashemi, Jacobson, Svesko, Visser 2022

Mann, FS 2020
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The dual description

Pressure arises from variable A:
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Corrections to the bulk have implications for @
the boundary theory:
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Studied examples

Scalar fields:

Fusco, Mann, FS 2021

4D Gauss-Bonnet:

Marks, Mann, FS 2021

Exotic black holes:

Hull, FS 2022

Regular black holes:

Soranidis, FS 2023 (forthcoming)
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Something to think about...

Black holes continually provide fertile ground for understanding both
classical and quantum gravity, and the potential for observations of
quantum gravity effects.

Beyond Ads/CFT... dS/CFT, local and quasi-local holography?
Where do the microscopic degrees of freedom live?

Information loss? Boundary unitarity?
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