Title: Centrally extended algebrasin 3d gravity
Date: Dec 07, 2007 11:45 AM
URL: http://pirsa.org/07120040

Abstract: After a brief motivation for studying 3d gravity, a review of Strominger argument will be given, showing that 3d quantum gravity with
negative cosmological constant is a conformal field theory. Classical phase space tools will be introduced to develop semi-classical analyses of
gravity with zero cosmological constant, and, with negative cosmological constant and closed timelike curves.
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Why studvine 3¢ eravity?
A & o o =

e dDimpler than <. non-trivial.

=ik

e \Many particles solutions A\ = K [Deser-Jackiw-'t Hooft. 84]

a: 07120040 Page 5/71




Why studying 3¢ gravity?

e Simpler than 4d, non-trivial
] \[ ill ':}.'_1;T'..t'lht--- solutlons A = ::_ Deser-Jackiw-'t Hooft. 84
e Black holes \ - Banados. Troncoso. Zanelli. 92

a: 07120040 Page 6/71




)

Why studying 3d gravity?

T

e \anv particles solutions A £ R [Deser-Jackiw-'t Hooft. 8]

B} ; o TR T 7 13 6
® DidCK NOLes 1\ < |} banados, lroncoso, Zanelli. Y

X ¥ % EERE{l g e il SN L Sriih i | T D et o, N T
» [ CrOSCOpIC derivatlon or blacs nole entropyv atrominger. ‘4

a: 07120040 Page 7/71




Whyv studvine 3d eravity?
A - o o “

AR T o LR e R I SR Y
@ DIImpier 1nan 4d, non-rrivia

e \anv particles solutions A £ R [Deser-Jackiw-'t Hooft. 4]

D .- o AT ] i =P 7 1> )]
e Black holes \ < 00 Banados. Troncoso. Zanelli. 92

a: 07120040 Page 8/71




Why studying 3d gravity?

a: 07120040 .




Why studying 3d gravity?
v . O - o

Manv particles solutions A £ R [Deser-Jackiw-'t Hooft. 84

T =

e Black holes \ < 00 Banados. Troncoso. Zanelli. 92

[ ] jl'-l_[-l";'i ot | u_-'j-;:' e '.'i'x"iT.-L' i .'::. DACK [1Ole ""L'lr._" Y ‘-T TRInTer, e

a: 07120040 Page 10/71




Why studying 3¢ gravity?

e Simpler than 4d, non-trivial.

e \Manv particles solutions A = K [Deser-Jackiw-'t Hooft. 84]
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Microscopic derivation of entropy

Reasoning of Stremau ger (1995 ] tor black holes m Ad add space.
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Microscopic derivation of entropy
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Microscopic derivation of entropy
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Microscopic derivation of entropy
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e Since the states of quantum gravity with 445;
boundary conditions must form a representation of the
conformal algebra. this quantum gravity is a conformal
field theory (AdS;/C'F15 correspondence ).

L g . 1 » 1 *—i— "! T 3
e The number of states with given zero modes L3 = (M —J)/2.
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Two questions addressed here
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Answers
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e ror .\ = 0. asymptotically flat spacetimes admit an asvmptotic

symmetryv algebra bms. which is x-dimensional.
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e ror .\ = 0. asvmptotically flat spacetimes admit an asvmptotic
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Answers

e ror .\ =0. asvmptotically flat spacefimes admit an asvmptotic

symmetrv aleebra bms. which 1s x-dimensional.

o [he representation of TAis algenra by conserved charges admits
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A central extension related to the ady case bv a lnonu-\Vigner

e ror \ <0 and closed time-like curves in the asvmptotic region.
1 -t i
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constructeda. It contains black holes.
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Answers
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symmetrv algebra bms. which is x-dimensional.

e The representation of rhis algebra by conserved charges admits
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Main technical tools

e Aloorithm for computing phase space {q,, {. allowed
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— Require Lcg,, to be tangent to phase space

— nequire ¢ g well-dellned. Inite and conserved

P

— Asvmptotic svmmetries = Diffeomorphisms modulo gauce

R Sy s i
rransiormations (Lelg = U
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Main technical tools
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Main technical tools|
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Asymptotic symmetries of 3d flat spacetime
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Asymptotic symmetries of 3d flat spacetime
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Asymptotic symmetries of 3 flat spacetime
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Poisson bracket representation of bms;
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\From «adS; to Minks
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3d Godel universe
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3d Godel universe

= S A Y E R inatarn- M Favral L Y
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3d Godel universe
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Asymptotically Godel spacetimes

- . . .
e ellne houndarv condition

with particles and black noles
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3d Godel universe
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Asymptotically Godel spacetimes

e Asvmptotic region is r
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Define boundarv conditions on q,,. A,
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h particles and black holes
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Asymptotically Godel spacetimes
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Asymptotically Godel spacetimes
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o Classicallv. 3d gravity has non-trivial asvmptotic structures

_ \ < 0 .]__'-."“ 1\--'_:;%;«“';'“ 51;_’;*--;'11'.&.'1 = & -; I__:_ :—_u._.""w._':" ~ &0l )

e [hese structures provide clues to (Uarriim oTavity in the

semi-classical recime
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— \ < 0 Quantum eravitv is a conformal field theoryv
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