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Motivation- Gravitational Waves

Quasi-circular Plunge Ringdown
inspiral and merger
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We will focus on the scattering case

In the PM expansion:
v | O



How to approach perturbation theory?

Build amplitudes perturbatively in G
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Solve perturbatively in G v .



Basic Idea: Non-spinning black holes only have one parameter, their
mass 771 . So describe them by a scalar field, treat GR as an EFT:
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information

K ﬁ Iwasak| Holstein, Donoghue...

Then calculate amplitudes: L°°'°S contain C'ass'ca'}




Amplitudes for Gravitational Dynamics

[ Match to a Hamiltonianz]

[Full amplitude] [Extract classical part]

Ds H(p,r) = \/Q2 +m? + \/1_)2 +m3 — GNT?lmﬁz + O(G%)
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[ KMOC formalism ]
Why do this?: :

« We can apply amplitudes techniques to the GR two body problem.

* Many correspondences between properties of amplitudes and classical
observables: IR divergences, BMS symmetries, soft factors, memory...



What to compute?

We are interested in some classical observables:

'\
* Impulse:  (APY) = pf(t=00) — p) (t= — o0)

¢ Spin'kiCk: <AST> — S{L(t:OO) — Sf(t: — OO) -/ r1 —(H + H — P

h=10-2

« Waveforms: <hoo(33')> —
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What are we up to now?

2 .- -
. Modified gravity: Seray = —— [ d*zv/—¢ [R + G111+ B2 Gz + 1 1 + P2 G,

HJQ

 Integrability of black hole orbits from the amplitudes perspective.
{Q, I’F}DB — O — <AQ> — O

» Position operators in QFT, trajectories and supertranslations...
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