ERA OF GRAVITATIONAL WAVE PHYSICS: NEED FOR HIGH-PRECISION PREDICTIONS

Upcoming 3 generation of gravitational wave K \
observatories with 102 sensitivity increase High-precision predictions necessary
basis to study fundamental questions in
physics:

Need for accurate waveform predictions well
beyond state-of-the art

> |s Einstein’s theory correct?

» Black hole formation & population?

> Neutron star properties?

» Physics beyond the standard model?
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GRAVITATIONAL TW0-BODY PROBLEM

r H H .
Black Hole Black Hole/Neutron Star Binaries:
h+,><
@ % I
\ @ ] t
mass, spin S~ !
\ j ° °
Bound state inspiral merger
\

Neutron Star
Einstein’s egs. cannot be solved exactly = approximation schemes

Numerical relativity: good for merger (strong gravity, short duration)

/
Perturbation theory: good for inspiral (weak fields, long duration)
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tidal deformabilit
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Juv = Nuv T \/ah,uv < import Quantum Field Theory tools!




PERTURBATIVE SCHEMES

Post-Newtoni i ' '
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Gravitational Self-Force (SF) = Large-mass ratio expansion close far
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WORLDLINE EFFECTIVE FIELD THEORY OF COMPACT OBJECTS  coeeesnsmiporciiansisnmon

During inspiral or scattering: Separation of scales: Rs~Gm <borr <R
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WORLDLINE EFFECTIVE FIELD THEORY OF COMPACT OBJECTS  coeeesnsmiporciiansisnmon

Effective Field Theory description: BH?NS as spinning point particle moving on its worldline
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RELATIVISTIC TWO BODY PROBLEM IN PM: TRADITIONAL APPROACH

Point-particle approximation for BHs (or NSs) 'b! > Gm.
!2 # 1 1 N . B.-_,,
S= mi db g X (L)% (1) + 16 C d*x TgR+ Sy T, J)))
=1 Point particle approximation Bulk gravity & gauge fixing / )
1) Equations of motion: 1 | 2 " e
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. . Geodesic egs.
Einstein’s eqs.

2) Solve iteratively in G
N I
gu ='w+ G "h(D (x) xP()y= B+ v+ GZMR)

n=0 emitted radiation straight line: ,in“ state N=1 deflections

3) Construct observables
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Far field waveform:
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