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Gravitational Wave Science
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Gravitational Wave Science
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Decades of heroic effort



Turn it into an easier problem
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Relativity

Tools of Theoretical High Energy Physics

onshell methods, advanced multiloop integration, effective field theory

Underlying dynamics are universal



Scalable pipeline using tools from QFT:
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Conservative Two-Body Potential (no radiation)
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Theorists at LIGO are interested

Antonelli, Buonanno, Steinhoff, van de Meent, Vines 2019
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NEW! from Alessandra Buonanno’s recent talk at GGl

Crucial to push PM calculations at higher order, and resum them in EOB formalism.
(Damour 19,Antonelli, AB, Steinhoff, van de Meent & Vines |9, Khalil, AB, Steinhoff & Vines in prep 21)

(Khalil, AB, Steinhoff & Vines in prep 21)

GW cycles before merger
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Encouraging (local-in-time) 4PM results!
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GW cycles before merger
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Fruitful exchanges between GR and HEP

Bini, Damour, Geralico 2019, 2020, ...

Damour 2019

Damour 2020




Not yet in the pipeline

Inspiral Merger Ring-
down

1.4 Perturbation Theory | | Numerical Relativity
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Scalable pipeline using tools from QFT:
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Classical limit is taken at the earliest stages.




Classical Limit
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There are eight classical cuts:
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Obtain from differential equations

Parra-Martinez, Ruf, Zeng
Boundary condition from NR integration
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The classical part of the amplitude is the radial action.

Mass dependence My ~ G [m
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Amplitudes
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Hamiltonian
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NEW! from Alessandra Buonanno’s recent talk at GGl

Crucial to push PM calculations at higher order, and resum them in EOB formalism.
(Damour 19,Antonelli, AB, Steinhoff, van de Meent & Vines |9, Khalil, AB, Steinhoff & Vines in prep 21)

GW cycles before merger GW cycles before merger

Encouraging (local-in-time) 4PM results!
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Gravitational wave science has opened up a new direction in
theoretical high energy physics.

Classical binary dynamics has the hallmarks of a great
problem in theoretical high energy physics.

This program is in a nascent stage.



