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Abstract:
Three dimensional gravity in Fefferman-Graham or BMS gauge is entirely described by the coadjoint representation of its
asymptotic asymptotic symmetry group. A group-theoretical attempt at quantization requires one to quantize not only individual

but the whole collection of coadjoint orbits. This is where model spaces come in. We propose a definition of a model space for

generic Lie groups in terms of constrained Hamiltonian systems and begin by studying its quantization in the simplest case of
SU(2).

Based on work in preparation done in collaboration with Thomas Smoes

Pirsa: 24100112 Page 1/34



Perimeter Institute
Quantum Gravity Seminar
17/10/2024

Geometric actions and model spaces

Glenn Barnich

Physique theéorique et
mathématique

Université libre de Bruxelles &
International Solvay Institutes

Collaboration with T. Smoes

Modelspaces I Page 1

Pirsa: 24100112 Page 2/34



irsa: 24100112

Conteu 8

ke %V&U:‘J-‘T 3¢ grop ‘”LBDI/“(

Effechive  ackou ¢
Gﬁc ou,q.e‘}-v‘fc -\C{trous év,w(
ﬂH)Hc diow Yo SOR)

mmff[ S‘(bécef

Page 3/34



Why 3 gravity 2

Toq wode| That &erdm‘es 2 h”ses of proflens (u
/ \

2ev0 moole sofohon s

irsa: 24100112 Page 4/34



Giaoity wodels . - S, %rgu;‘h[
teness wlotion with  Browi- Hewnesox (T4 ) w‘”c ﬂouuddm{ couaf Yeou ¢

ds?= 11 e’ - (rdx' - ?uf’z 6 ox ) (o - TWhe o 4t

L

X = %*‘f bt ) - 6t () arbifdry  geriodic Youohious

ww{odmdf Yhaus{or watiou ' = qft(xt) {'(x +21) f (xt] ar
rescdoa| d#cowwrbm(

Bhe Mt = Qft) otodt - S (€]

A LR (Y (RWI R T (RN o R I )

Schwadian demiative

Modelspuces I Page 4

Pirsa: 24100112 Page 5/34



ASTWP{"“C‘;”T 1%'\(' S‘Dl MQ,\(”‘:(CS wn"i«, Roudi*SJAi \llﬁ-‘tt ﬁéma.ddﬂ‘t( COQ.C[(;“(:&M..(

oAst = 2.[ b 'P dw -dr Sk (j*wpl)dc‘afu(u, g2 1;(4.(22

ol gmike)
fuile B, Yraucf. { :
)

s @‘)L“* dr'b 2,{'?- g—;"'_ \!,m]"‘lc 'Cig\f ['FI
P 4%
Biv (§Y) x C®(S1) - RIS

o modc :gbwlu'ous 2 bi(xi), Pf«p), J{T)

irsa: 24100112 Page 6/34



Pirsa: 24100112

Som me{ : (cww;wf ) Pkm sfzsact mf

¥

3 AYS o bt %Nw\l-( K uimaw: ov* Bouis

. t ¥ N . ~
SN Sk SIS IS R R L It

dcﬂ.cuere‘fc Forccpne, % t Mﬂ" v
I‘['uc‘uo‘f’,

of Q* e Coad_jo:;u{ o Mric

&«{A/MP}BNUC gf::a,(e!; ‘H{é‘ff Cau ie

Modelspaces I Page 6

7aw4i4ed

Page 7/34



A
claseficdtion of cosdjout white for Biff(S,)

Coadjoint Orbits of the Virasoro Group

Edward Witten*

Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544, USA

Abstract. The coadjoint orbits of the Virasoro group, which have been

investigated by Lazutkin and Pankratova and by Segal, should according to

the Kirillov-Kostant theory be rclated to the unitary representations of the j JWL U AV
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From Geometric Quantization
R e e S e s s R S e S s S

to Conformal Field Theory Here we will give a slightly different type of geometric construction in which all
representations of the group are considered snmultdnuous]y and on thc same
footing. Moreprecmcly, usmgthc pdlh 1mcg,ral dpproa.ch vill quar the so-

called model sp: _ »

A. Alekseev and S. Shatashvili
Leningrad Steklov Mathematical Institute, Fontanka 27, SU-191011 Leningrad, USSR

- h mu Thls space is rer thai
Abstract. Investigation of 2d conformal field theorv in terms of geometric (rough]y spcakmg. it contains an cxtrd variable which parametrizes lhc orbits and

quantization is given. We f f the compact  the conjugate moment). The corresponding Hilbert space splits into the direct sum
Lie group, Virasoro group dl'ld Kac- MOOd) group. In particular, we give a
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Virasoro Model Space Models of Representations of

HoSeong La', Philip Nelson' and A. S. Schwarz’* Lie Groups*

' Physics Department, University of Pennsylvania, Philadelphia, PA 19104, USA I P
 The Institute for Advanced Study, Olden Lane, Princeton, NJ 08540, USA it Sarmteln £ M Gotjmed, amd 5. . Gelfand
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" We are dea.lmg here with a model of the representations; namely one

can introduce a scalar product on the spacc of analytic functions on the

mode : : principal affine space so that in the decomposilion of the resulting unitary

ize Hilb a ntains every irreducible representa representation of U into irreducible factors, all the irreducible representa-
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Geometry of the Hopf Bundle and spin-weighted Harmonics

Spin-s Spherical Harmonics and 8 )
Norbert Straumann i . - JOURNAL OF MATHEMATICAL PHYSICS 57, 092504 (2016)
] N GotpmerG® axp A T MacraRLANE} Mar 3 2014 Numerical evolutions of fields on the
Syracuse University, Syracuse, New Yark ' . . . . . -
e 2-sphere using a spectral method based on How should spin-weighted spherical functions be defined?

spin-weighted spherical harmonics

E T NewMmani
University of Pirtsburgh, Pittsburgh, Pennsyivania

7 pages Michael Boyle
Cornell Center for Astrophysics and Planetary Science, Cornell University. Ithaca,
AND e-Print: 1403.0480 |g Florian Beyer, Boris Daszuta, Jérg Frauendiener New York 14853, USA
F. Rouriicu® anp F. C G Suparsuani and Ben Whale

. A A (Received 26 May 2016; accepted 31 August 2016; published online 23 September 2016
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In the study of spin-weighted spherical harmonics it is useful to contem-
plate the following array:

!

P

(4.15.60)
The numbers in this triangular array (which extends indefinitely
downwards) represent the complex dimensions of the various spaces
of spin-weighted spherical harmonics, as discussed in (4.15.43) et seq.
Each of these spaces is characterized by its values of s and j, as shown.
I'he dimension zero is assigned wherever a blank space appears in the
array. The operator o carries us a step of one s-unit to the right and o
one s-unit to the left. (From our earlier discussion, the j-value is not
affected by 0 or o'.) Whenever such a step carries us off the array, the
result of the operator d or 0" is zero. Note that the dimension remains
constant whenever it does not drop to. or increase from, zero.
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Home About

Geometric Quantization (Part 5)

introduced in Part 4: quantization and projectivization. It's really the
examples that bring the subject to life. They give new insights into hoary
old topics in physics, and also raise some puzzles about the relation
between classical and quantum mechanics.

I'll start with the classical spin-j particle and its quantization. I recently

o) R

discovered through conversations on Twitter ! few

v T [P |
e

-1a551Cal SYSLE

)

ly given

. So, I'll describe it and its geometric quantization slowly
and carefully, before feeding it into our functor
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