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BMS gauge

conformal boundary for flat case: null infinity

28V

: du® — 2e** dudr + r*(d¢ — Udu)?

BMS gauge ds®* =e

same gauge for asymptotically flat and AdS3 spacetimes
2

ds® = —(% + 1)du? — 2dudr + r*d¢? ds® = —du?® — 2dudr + r?d¢?
AdS3 r Minkowski
t=u+larctanz t=u+rT
14 e -1 -2
fall-offs ==zt O(1), p=0(r"), U=0(r)




Asymptotic symmetries
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modified bracket linear representation of conformal algebra in bulk spacetime
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Solution space and conformal properties

general solution to EOM
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Charge algebra
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Charge fields on the plane

conventional normalization: T:i;;t(-’li) = ——Z44
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Generalities
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modified scaling
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Charge algebra contraction

appropriate combination for the 1 g
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3d flat Charge fields
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AdS3 & 3d flat Zero modes

zero mode solutions in both cases
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Chern-Simons for Virasoro

3d flat gravity, Chern-Simons formulation iso(2,1)
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Deformations
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to be studied further: asymptotics, boundary theory, solutions, |-loop effects ...



Asymptotically flat spacetimes
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Asymptotic symmetries
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spacetime vectors with modified bracket
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New proposal

CFT choice : allow for meromorphic functions on the Riemann sphere
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solution space

Re(¥3)(w, ¢, C)

u dependence fixed through evolution equation

\Ilo(u ¢ (7) integration “constants
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Conformal properties

bms4 transformations
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Interpretation and consequences: work in progress

field dependent Schwarzian derivative:
Lie algebra % Lie algebroid



Charge algebra

asymptotic charge : non integrable due to the news
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Charges for Kerr black hole
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Central charges for Kerr black hole

central charges : K(0,0,),0a) [ X5 =0=Ko5,) 00X = Ko,y 00X,
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form in-line with extremal Kerr/CFT correspondence,
but divergences !

problem: one cannot integrate by parts if there are poles

2 -l _ fdzMa( )f(z) —
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there are no poles for bms;

Wway out (i) define the analog of charge fields to regularize the divergences in the charges
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(i) take correctly into account the boundary contributions to correct the central charges



BMS4/CFT2 Conclusions and perspectives

4d gravity is dual to an extended conformal field theory

to be done: particles as UIRREPS for  bmsy

scattering theory between F~  and It

Penrose, Les Houches 1963



Conclusions and perspectives

angular momentum problem in GR:

This analogy goes even deeper. For gxample, there is no single,
natural Lorentz subalgebra of the Poincare Lie algebra. Similarly,
there is no single, natural £ /3 subalgebra of & . However, it is
possible to realize the Lorentz Lie algebra as a subalgebra of the
Poincaré Lie algebra. For example, fix a point of Minkowski space,
and consider the collection of all Killing fields which vanish at
that point. These form a subalgebra of Poincaré, isomorphic with
Lorentz. Of course, this subalgebra is not "natural", because its
determination requires the choice of a point of Minkowski space.

Geroch, Asymptotic structure of spacetime, 1977

Lorentz = Poincaré /translation 4 conditions needed to fix rotations

Lorentz = bms4(old)/supertranslations infinite # conditions needed to fix rotations

bms4(new)/supertranslations = Virasoro infinite # conditions needed to fix infinite #

of superrotations



Lie algebroids

A 5 TM
Lie algebroid N N
M
base space M  vector bundles A and T'M [,:]4 Lie bracket on T[A]
bundle map,“anchor”  pa : A —TM Lie algebra homomorphism + Leibniz rule
. fBla = flo, Bla+ (pala)f)p a,fel4], feC™(M)
) 0! o D 0
local coordinates M : ¢ As f=f%Pea palf) =R 96 =0y

[f1, fola = (CLy (@) (f1, £2) + 04 3 — 6,11 )es



Irreducible gauge theories

gauge theories M ¢ () solutions to underdetermined EL % ~ ()
TM §¢"(x) linearized solutions
RJ;’L' generating set of irreducible Noether operators
RE[5] =0

WYX
determines  structure functions and algebra A  field dependent gauge parameters on M

quantitative control on functional aspects:
jet-spaces & variational bicomplex

GR: fields are Riemannian metrics satisfying Einstein’s equation

gauge parameters are metric dependent vector fields bracket: derived bracket from

antibracket in BV description
isotropy Lie algebra : dynamical Killing vectors

at a particular solution

asymptotic context: physically meaningful sub-Lie algebroids of the gauge algebroid for GR
reduce to action Lie algebroids involving the Virasoro algebras
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