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Abstract: In this talk, | will describe celestial higher spin charges as corner integrals, and their relationship with gravitational multipole moments. |
will then explain that these charges uniquely label gravitational vacua and the corresponding flux-balance equations describe the transition caused
by gravitational radiation among different vacua. Thistak is based on arXiv:2206.12597.
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Non-degenerate description of the "vacuum” 7 Or how to label the vacua?

Largest set of asymptotic charges?
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Celestial charges

Pirsa: 22100019 Page 6/30



a Preview e Cait View Go iools Window  lielp

GR in Bondi gauge

In Bondi coordinates (w, r, 07), imposing ¢, Ova 0 implies
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GR in Bondi gauge

In Bondi coordinates (w, r, 07), imposing ¢, , Ova 0 implies
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Einstein equations

Bondi free data
gravitational waveform Clap(t, 89),

Corner d.o.f m(e*), Na(8Y), Eq.,(04) defined on some initial time
(re)

News tensor N, = 0,0, measure of radiation. N,, = 0 non-radiative spacetime

Balance equations give the time evolution of corner quantities
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Einstein equations

Bondi free data
gravitational waveform Canlt, %),

Corner d .o f m(e*), Ng(84), o, (04) defined on some initial time
Lre)

News tensor N, = 0,0, measure of radiation. N,, = 0 non-radiative spacetime

Balance equations give the time evolution of corner quantities

|
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solt Nux hard Nus=

e is conserved in non-radiative spacetimes
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Local flux-balance equations

Local flux-balance equations
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where N, , £, are improved versions of N, X,
{re) (re)

Nonlinear fluxes F,; (1) vanish when N, 0
(n)

Bondi data C',,, m, Na, £, are conserved in non-radiative spacetimes
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Tower of charges

It is natural to define charges by two towers of charges
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First line: Supermomenta

dual supermomenta

Second line: Super-angular momenta, super center of mass
I'hird line: "Higher spin” charges
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Tower of charges

It is natural to define charges by two towers of charges
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Celestial charges
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rerimeter Multipole charges pdf

Metric reconstruction

Celestial charges can be used to reconstruct a nonradiative spacetime

Subtlety: Supertranslation frame is ambiguity

D¢, §pC T

DyCt +2D

( ab 72["\";1 (2

is fixed by dual supermomenta, while "' is unconstrained

One can choose a supertranslations frame in which % = 0
|
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Radiative vacuum transitions

Sandwich spacetimes: Radiation N, decays exponentially outside a time interval
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rerimeter Multipole charges pdf

Radiative vacuum transitions

Sandwich spacetimes: Radiation N, decays exponentially outside a time interval

Nonradiative spacetime= radiative vacuum (no graviton)

I'he system is in vacuum state before and after radiation

The vacua are completely characterized by celestial charges Q}, ;,
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Radiative vacuum transitions

Sandwich spacetimes: Radiation N, decays exponentially outside a time interval

Nonradiative spacetime= radiative vacuum (no graviton)

I'he system is in vacuum state before and after radiation

The vacua are completely characterized by celestial charges Q,, |,
Vacuum transition specified by AQ,, ; controlled by flux balance equations.
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Flux balance equations
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Vacuum transition and balance equations

Flux balance equation
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Vacuum transition and balance equations

Flux balance equation integrated over time
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Vacuum transition and balance equations

Flux balance equation integrated over time
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Vacuum transition and balance equations

Flux balance equation integrated over time
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Vacuum transition given by

Mn(N.) | duu™ N, Melling tranform of the news, or sub-n soft graviton operator
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Vacuum transition and balance equations

Flux balance equation integrated over time
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Flux-balance equations for celestial charges n > |
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Vacuum transition given by
Man(Nan) | duu™ N, Melling tranform of the news, or sub-n soft graviton operator

Nonlinear fluxes of hard gravitons
.
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Classification of flux-balance equations

Memory-full Soft term nonzero,

Memory AL — hard flux
Relates memory to charges and fluxes
Soft sector adapts to the hard process to satisfy conservation
Maemory-less Soft (memory) term vanishes

AQ hard flux

Quantity
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Perimeter Multipole charges. pdf

Memory-less modes

Maoamory-less modes
-+

- .
‘ s-"’-ll,n'

\..-/! = Q]’ ’

Generalized NP charges
Applications for radiation reaction
Memory-full modes

Displacement memory
spin and center of mass memory

subleading memory effects, e.g. "curve deviation”
I
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Celestial vs. multipole charges
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Post-Monkowskian expansion

Harmonic gauge O,.heh =0, hof = /-
Einstein equation outside sources
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At leading order (outside sources)

DOh7/, = 0, uhl 0

whose canocical solution is specified by mass Mg and spin S7; multipole moments
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Nonradiative spacetimes (vacua)

From harmonic to Bondi gauge
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Nonradiative spacetime
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A non-radiative spacetime is characterized by
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Non-radiative spacetimes and charges

In the linearized theory, Bondi data turn out Lo be
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Computing charges in non-radiative spacetimes gives

Q. ; =ay,(l—n)M; -, +0O(G),

Qu,!_ :("?“(’ . 2F n 4 r)((c‘)‘

Generalized NP charges vanish at linear order

QY , =0+ 0(G),

Fquivalence betwpen celestial charges (J't r and multipole charges My, ., Sy, &
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Summary and Outlook

e Compute generalized Newman-Penrose charges at quadratic order

Implications for binary systems?
e Gravitational tail effects imply that the sandwich model is not appropriate

Cab

b ym
e

Leads to simple poles in the integer Mellin transform of the news

e Gravitational EM duality

Wevas « *Wivas My

Thank you for your attention!
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