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Schwarzschild Metric (1916)

{Ther das Gravitationsfeld eines Massenpunktes
nach der ENstEmschen Theorie.
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Einstein-Rosen Bridge/Wormhole (1935)
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Oppenheimer-Snyder (1939)
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Eddington-Finkelstein (Penrose?) Coordinates

GRAVITATIONAL COLLAPSE AND SPACE-TIME SINGULARITIES

Roger Penrose ds® = —f(r)dvi £ 2dvy dr + r*dQ?

Department of Mathematics, Birkbeck College, London, England
ived 18 December 1964)
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Reasons to be suspicious of the interior:

1) Hidden from observation?

2) Curvature singularities

3) Cauchy horizons (breakdown of causality)

4) Information paradox (violation of unitarity?)

5) Does hole evaporate before inflating matter gets in?



Euclidean Schwarzschild Metric (Gibbons-Hawking, 1977)
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The Black Mirror Solution
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The Black Mirror Solution
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The Black Mirror Solution
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gap; R%.s, all curvature invariants R R o5+

are smooth, analytic, and finite

R,, = 0 everywhere (vacuum solution)

But no free lunch!

g €igenvalues: holomorphic, two simple zeros

gh” eigenvalues: meromorphic, two simple poles

Matching surface (horizon) is a *Carrollian*™ geometry



The Charged, Rotating Black Mirror Solution
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Vanishing entropy on full space —> pure state
Non-vanishing entropy on half-space —> entanglement entropy

PHYSICAL REVIEW D VOLUME 15, NUMBER 10 15 MAY 1977 2

/+ction integrals and partition functions in quantum gravity d S 2 A~

dr? + do® + (2m)*dQ°

G. W. Gibbons* and S. W. Hawking

Department of Applied Mathematics and Theoretical Physics, University of Cambridge, England ( 4m )
(Received 4 October 1976)

G
A




The Black Mirror Solution From CPT-symmetric b.c.’s




The Black Mirror Solution

dynamical collapse

and evaporation
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The Black Mirror Solution From Cosmology







Reasons to be suspicious of the interior (revisited):

1) Hidden from observation?

2) Curvature singularities

3) Cauchy horizons (breakdown of causality)

4) Information paradox (violation of unitarity?)

5) Does hole evaporate before infalling matter gets in?
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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Standard Model of Elementary Particles
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Predictions:
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The gravitational entropy of the universe

Image Credit: QQonTQ Magazine

Explains: cosmic flathess, homogeneilty, 1sotropy,
and finy positive cosmological constant



Step 1. Obtain general solufion for the
cosmic scale factor:




Step 2. Obtain general formula for the gravitational
entropy of an FRW universe:

Flat universes and tiny positive Lambda are favoured!

Step 3. Add cosmological perturbations
(small inhomogeneities and isotropies):

It the Big Bang is a mirror, these cost entropy!



Grav. entropy Is largest for universes like ours:
homogeneous, iIsofropic and flat
(with tiny positive Lambda)!

A measure on the
space of universes.
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