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INTRODUCTION

» This is still very much a work in progress.

» Therefore, I'd like to emphasize the way the research is done,
on top of the results themselves.

» The notation does matter.
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MOTIVATIONS & CONTEXT

» Local Holography Program.
» Asymptotic symmetries.
» Infinite dimensional symmetry group.

» Reconstruction of bulk data thanks to boundary data (on the
Celestial Sphere).
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METRIC & NEWMAN-PENROSE TETRAD

» Retarded coordinates © =t — r and r with stereographic
coordinates on the sphere z, Z.

ds® = —du®—2dudr+2rq,sdzdz,

» Newman-Penrose tetrad (k,m,m, ():

1, . . Plz),
—ds, £=d,, -m-_.:m: ()()z m = —~

2 r T

g = —('E" + kKHY) + mfm” + mfm”.
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DERIVATIVE ON THE SPHERE ekt

» There is an isomorphism between STF tensors on the sphere
and two scalars of definite helicity:

-~

Oy = 0my, ..My, +O_my, ... my,.

8

» Intrinsic derivatives on the sphere
DO, = Oﬁl_”ﬁ”?’ﬁ = mAt . mi T/'FZ-ADAOAI___AS
DO, = P~1t%9, (P00 )
DO, = P7'7%0;(P°O,).

» They satisfy the commutation relation

D, D]O, = s0,.
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DERIVATIVE ON THE SPHERE

» There is an isomorphism between STF tensors on the sphere
and two scalars of definite helicity:

-~

Oar..ay =0y, ...y, +O_my, ... My,.

S

» Intrinsic derivatives on the sphere
DO; = O, mjm =M ... *mA D404, a,
DS, = P P20, ),
DO, = P7'7%0;(P*O,).

» They satisfy the commutation relation

D, D]O, = s0,.
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SPIN SPHERICAL HARMONICS

» A function on the sphere can in general be decomposed on the
basis of spherical harmonics Y;,,,. The advantage of working
with scalar quantities of definite spin is that any operator O,
can be expanded in the basis of so-called spin spherical
harmonics with [ > |s|.

5
[

_ ‘ 1 )
£33 lin — _5(2 o 'S)([ T 8T 1)}/1'.5?'71.‘-

]

M [.m ?

_\/(z o S)(l = g A 1)}/5‘—1
2, b

DYy

g T
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MAXWELL’S THEORY

" 1 vp BN T
» Dual tensor Fj,, = (%F )y = 54/ — 9 Euwapd™* g™ Fonr.

o~

» Sefl-dual tensor Ff, = 1(F,, —iF,,).

jLv 2

» Newman-Penrose scalars

‘m

— -
Fé'm = F[

Il
_(F{fk- S me) — F{,—: = JP

mm

a2
= ka =
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MAXWELL A LA NEWMAN-PENROSE

» Maxwell's equations and the Bianchi identities take the form

VEEE =0.

M

1 »d .
<_ —+ r2 —_ ?"a“) OO

ro, / |
(1 + - r’(')u) o1 =
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RADIAL EXPANSION

» We get a close equation for ¢g:

(1 N ro. (3 + ro,)

2

» We posit the following ansatz:
1 (n) 1 (n)

o Z @1 ; Z Pg
J o ;}/12 ?a'?l ‘ @2 o r .?a‘n :

n=0 n=0

» Plugging in (1) and commuting the derivatives on the sphere,

oy g (4 n(n+3 (n = (n
(n+ 12,600 + 2 4o L By~ (2)
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THE MAGICAL ANSATZ

» We introduce a new set of objects @, (of spin n) defined via

)" -
@E)n) = Oo c' T Qozj, — (én) 3 %D Qns1 |

— cx CXD =
’ Slnce C271+l E @ ‘rn+1, D?lcgﬂ‘_{_l E @ ‘/l{.
I=n+1 I=n+1

On the other hand, @fjn’)

Therefore we call the missing part oé o = GBV’.
=1
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' ] are conserved charges:
i=

0,GY =0, e =g il
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CHARGES e

> G = [og()] are conserved charges:
T dI=h

0,GY =0 GYeW|

» Eqg. (2) splits into two equations, one for the global part of

o\ and another for the local part:

(i 1 n(n + 3)
au ) (ra—_}:l) _

B/’{auQ:wl :D,(D(Jn

(), are made of higher spin charges that suggest a higher
spin symmetry.
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CHARGES ON THE CELESTIAL SPHERE = =&

n)\'l
%c _Z(f Gy

» About the local part, assume that ) ; = 0 (no radiation),
then @, is a polynomial in u. Denoting ¢, = ¢,(z, 2) the
successive constants of integration, we have

& N =P

o
( = pnr R
J Z & (n —p)!

p=0

» Notice that ¢, has helicity p and represents the conserved
charge associated to ().
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HYPERGEOMETRIC RESUMMATION

» Global part

(n) 00

o0
, 1 91—«, G
Pl—s.G = 55— E — = E
s 2+ 7!+3 2?“

n=1

» Local part

(—1)r Dq))
(p _ S)I .rp—i—z Fls (T)
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RELATION TO MULTIPOLE MOMENTS

» A generic scalar potential ¢ has an expansion in multipole

g o= i (_Z!U!E)L UL 2 ZZ A+l()z *MY
1=0

[=0 k=0

In our case

P1,L = ZZ A+2()l Ag(i'

b= k=0

LS _utPpPgl)

P

» The asymptotic charge ql(f) is related to the multipole (/).
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WHAT COMES NEXT

» Matching condition between Z* and Z—.

» Multipole expansion valid in general? Inclusion of radiation...
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WHAT COMES NEXT

Matching condition between Z* and Z~.
Multipole expansion valid in general? Inclusion of radiation...
Lots of parallels with gravity.

The coefficients of the NP scalars expanded in 1/r (and in
particular W, which encodes outgoing radiations) are identified
with charges generating asymptotic symmetries and soft
higher-spin symmetries found by OPE methods in the celestial
CFT framework.

» Extension to (A)dS.

» Extension to Yang-Mill.
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