Title: Conformal Gravity and Black Hole Complementarity
Date: May 11, 2012 04:40 PM

URL: http://pirsa.org/12050061

Abstract:

Pirsa: 12050061 Page 1/88



Pirsa: 12050061 Page 2/88




Gerard 't Hooft

Spinoza Institute, > - Perimeter institute
Utrecht University 4 May 11, 2012

Pirsa: 12050061 Page 3/88




ol ..".'.0 —

1. >»MOTIVATION

N

¢ o
v

»

Pirsa: 12050061 Page 4/88




Pirsa: 12050061

Small distance structure in Quantum Gravity:

Fundamental cut-off generated by black hole
formation.

Ax 2 h/Ap 2 h/E 2 h/(Ax/2G) =2hG / Ax

Ax = \J2hG :

This does NOT happen “automatically” in most quantum
gravity approaches (except: Superstring Theory ... ?)

for smallest “single state” black holes)

In @ more viable theory, black hole microstates and
Planck distance cut-off must arise inevitably.

HOW 7?
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The black hole horizon must be naturally described
such that the microstates appear.

We must begin trying to rephrase perturbative gravity in
such a way that the horizons are part of the theory.

Black holes form (part of) the spectrum of elementary
particle excitations.

They are not merely solitons ...

Particles going in and out of a horizon must be
described by the “black hole channel” of an S-malrix

One natural conclusion of earlier work:
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The Difference between
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The Difference between

BLACK HOLE

WHITE HOLE
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The Difference between

BLACK HOLE WHITE HOLE

A black hole is a quantum superposition of
white holes and vice versa !
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Would it be possible to create a theory with
locality built in describing a black hole
including its formation and its complete decay ?

Demand: unitarity and causality ...
In principle, this should be possible:

just stretch spacetime so that singularities
move to [ — oo
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As seen by distant
observer

As
experienced
by astro-

naut
himself
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As seen by distant

As

observer experienced

Time stands still by astro-
at the horizon naut

himself
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As seen by distant As

observer experienced
Time stands still by astro-
at the horizon naut

himself

Continues
his way
through
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As seen by distant As
observer experienced
Time stands still by astro-
at the horizon naut
himself
Continues

his way

through

They experience time differently. Mathematics tells us
that, consequently, they experience particles differently
as well
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Inside
region
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The observer who e
falls in, sees other ‘
particles that went in
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Inside '
reglon <y
Only the outside
observer sees the

Hawking particles,
The observer who but not the things
falls in, sees other

rticles that t inside the black hole
particles that went in

o
\@?
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time

»
A

Inside ?
region
Only the outside
observer sees the

. Hawking particles,
o il A, but not the things
falls in, sees other

particles that went in *M ; inside the black hole

\f—fﬁ?ﬁ :, Both observers look

\4.// at the same Worldj but
they see different things:
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//
Inside //
reglon )
Only the outside
observer sees the

Hawking particles,
The observer who but not the things
falls in, sees other

particles that Went in _:;.u',- inside the black hole

Both observers ook

\4.// at the same world, but

They are both right: they see different things:

Black hole complementarity
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Consider a large
Black Hole, slowly
absorbing matter,
and/or slowly
decaying.

Observer B sees
only particles going
in: black hole grows.

Observer W sees
only particles going
out: “white hole”
shrinks !
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/l//2 >/l//1
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Consider a large
Black Hole, slowly
absorbing matter,
and/or slowly
decaying.

Observer B sees
only particles going
in: black hole grows.

A@>M

Observer W sees
only particles going
out: “white hole”
shrinks !

M>M2?
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» time

Both observers see the metric in
the same Kruskal coordinates: /[/[2

Let r=At)p, M@)=At)M

3 3 : : = o) 3 9
ds” = 24 (M g B dxdy+ A~ (t)p~d)
p

) 3 P -2 ) 9,
= A0 i ik dxdy + p"dQ']
p

In these coordinates, both observers
see the same light cones!
(causality)

This is a local conformal 1z 1
transformation.
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Local conformal transformation: gm,(X) > ﬂ(x)gw(x)
This modifies the curvature of space-time -
hence also the energy-momentum tensor:

T,(x) =T, (x) —(%)(Dﬂ 0,A-g, D*A)+...

uv

In a theory with exact local conformal invariance, one

must fix the gauge, which means that one
component of 7;”,()() can be fixed —at all space-time

points x.

Pirsa: 12050061 Page 40/88



Local conformal transformation: gm,(X) —> ﬂ(x)gm,(x)
This modifies the curvature of space-time -
hence also the energy-momentum tensor:

T.(x) =T, (x) —(%)(Dﬂ 0,A-g, D*A)+...

wuv

In a theory with exact local conformal invariance, one

must fix the gauge, which means that one
component of 7;”,()() can be fixed —at all space-time

points x.

Pirsa: 12050061 Page 41/88



Pirsa: 12050061 Page 42/88



Pirsa: 12050061 Page 43/88



Pirsa: 12050061 Page 44/88



Pirsa: 12050061 Page 45/88



Pirsa: 12050061 Page 46/88



Pirsa: 12050061 Page 47/88



Pirsa: 12050061 Page 48/88



Pirsa: 12050061 Page 49/88



Pirsa: 12050061 Page 50/88



Pirsa: 12050061 Page 51/88



Pirsa: 12050061 Page 52/88



Pirsa: 12050061 Page 53/88



Pirsa: 12050061 Page 54/88



Pirsa: 12050061 Page 55/88



Pirsa: 12050061 Page 56/88



Pirsa: 12050061 Page 57/88



Pirsa: 12050061 Page 58/88



Pirsa: 12050061 Page 59/88



Pirsa: 12050061 Page 60/88



Pirsa: 12050061 Page 61/88



Pirsa: 12050061 Page 62/88



Pirsa: 12050061 Page 63/88



Pirsa: 12050061 Page 64/88



Pirsa: 12050061 Page 65/88



Pirsa: 12050061 Page 66/88



Pirsa: 12050061 Page 67/88



Pirsa: 12050061 Page 68/88



Pirsa: 12050061 Page 69/88



Pirsa: 12050061 Page 70/88



Pirsa: 12050061 Page 71/88



Pirsa: 12050061 Page 72/88



Pirsa: 12050061 Page 73/88



Pirsa: 12050061 Page 74/88



Pirsa: 12050061 Page 75/88



Pirsa: 12050061 Page 76/88



Pirsa: 12050061 Page 77/88



Pirsa: 12050061 Page 78/88



Pirsa: 12050061 Page 79/88



Pirsa: 12050061 Page 80/88



Pirsa: 12050061 Page 81/88



Pirsa: 12050061 Page 82/88



Pirsa: 12050061 Page 83/88



Pirsa: 12050061 Page 84/88



Pirsa: 12050061 Page 85/88



Pirsa: 12050061 Page 86/88



Pirsa: 12050061 Page 87/88



Pirsa: 12050061 Page 88/88



