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Expend in EMc Post Minkowskian regime
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Several results available in Time/Frequency domain,
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·
Fix BMS frame to match with MPM expension

· Complicated form in Frequency domain, recent developments

floop Wave form via IBPs directly with FT !
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· What is the simplest interesting effect !
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WaveForm ONNLO w-so

· What is the simplest interesting effect !
->

Permanent displacement

Clim W(T,n) - Climut) =Fra

· Usolly discred in Frequency domain (w->o limit)

~-F + Oclogn (

Determined by the soft theorem

Fru-fort 5f-
>
non-linear (displacement cased by

the rediation itself (

einem
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Soft Theorems and Memory
· Accordingto Weinberg the emission of a soft gravitan factorizes

$
.r
=25 SFa-F*) Soft emission

Hard scottering

If we play this in into the definition of wave form Um

Um Jok (Fine+Fri( -> Fi=EM
K ~

which we can waite

how-- E
Linear memory is sourced by the

post infinity IN and OUT particles which differ due to the in
hae ringit deflection .
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Soft Theorems and Memory II
· What about the graviton ? Can it also contribute

to the

memory effect ?

Let ve look at Total
Rediated Energy-momentum

PM= Sc dyk) =)KIFT)] E)/COCKYs FCK-Ol



Soft Theorems and Memory IT-
· What about the graviton ? Can it also contribute

to the

memory effect ?

Let ve look at number of emitted gravitons

Number decks = IFT) = F)/ COCKY+Al
ofEm

So the soft grintos contribution con be written a

MJs(dyMIFTEOC



WaveForm ONNLO w-so

· What is the interesting effect !
->

Permanent displacement

Clim W(T,n) - Climut) =Fra

· Usolly discred in Frequency domain (w->o limit)

~-F + Oclogn (
First appears

Determined by the soft theorem
↓ at NNL

Famfort fan-
> Jonas

& Puma
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WaveForm oNNLO w-o
Part of Linear + NON-LINEAR (farge inv.)

-
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NON Linear Memory
known&-point families
/ but still a function of

3-variables.

elliptic subsector...

· We can further simplify this by strolying directly the multipote

decomposition of JFM

->

and we are freeWhere : to chose a particular
R.F

.
(ex · citting on P)



NON Linear Memory : Multipoles
For each e, m simple dependence on a Nen is a normalization

~Femmine
↳(1 (memlog

7
:
polynomiols inr If (l' (350"+ 12002 - 310 02+2320+57)

Match with PN expension ! Also :

Sim-o if etm is Odd

5 Fim= (- 1) 35Fem sym of esks for b-s-b
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NON Linear Memory #I
What happens if we stoy in com frome ?
Extra propagator cod new scole

(x=m) and complexity ... (x242 +
2 - n

, )

Con we go higher ?
Real part difficult (ExceptBio ! (

--- - --
--

↑
-
-

------

New topologies We expect

#, I at most 12



Conclusion & Outlook

-Presented computation of the non-linear memory from amplitudes

and PM expension .

- Needed to add higher point cuts . Does
this indicates correlation between

classical observables !



Conclusion & Outlook

-Presented computation of the non-linear memory from amplitudes

and PM expension .

- Needed to add higher point Ampl .
Does this indicates correlation between

classical observables !

· Compute full NNLO Waveform ?

· Understand Memory in detector formalism!
· Squeezed/Non-squeezed Classical ravitational Radiation ?g


