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Why precision gravity?
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Why precision gravity?

Hamiltonians

conservative dynamics

Fluxes

dissipative dynamics

Precise and accurate
parameter estimation
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Bound state - Inspiral phase %

Inspiral : merger phase

. - _ S inspiralling phase numerical relativity
the components of the binary are moving at non-relativistic nost-Newtonian theory i
velocities and their orbital separation is slowly decaying ‘ - - - ringdown phase
or 1 BH perturbation
A ﬂ ] theory
[«5]
Merger : 3 2
i =S
the separation between the components falls roughly below s ¢
the innermost stable orbit of each other, and the objects 3 |
-4
reach relativistic velocities and merge into final object !
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Ringdown :
. [Blanchet (2019)]
where spacetime settles down to that of a Kerr black hole
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Numerical Relativity Self-force
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post-Newtonian pipeline

EFT around a point particle for compact objects

with internal structure
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total angular mass current
mass mom. quad. quad.



EFT around a point particle for compact objects
with internal structure
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Fast and Flexible

Y | :‘ @) 0 p ag,0z, NVl,VZ’ (ks)
e UA N A T ] FDipy = NEH (2(a), S(0)) / Putiz) NE1o2 " (p) H/ T Dot &)
_ \ - / : j / 5 / / ) / \ L AUVAN & . o o oEg ’ g
R : —f ;\A ;\7 /?4 L‘ \ V | ) Coefﬁci%ntzlgat deb;iends Fouriel?irntegral Multi—logg integral
: : . on orbital variables
) // ,,\ A\ )/ /J/\ [ ) . - ,I. . _ - (Integrand generation) \
. . . Tobologi Feynman I d
Computing effective Lagrangian and Stress-energy R | diagrams ntegrands
= Diagrams with QGRAF, Tensor Algebra with xTensor,
/ Feynman rules /
IBPs with LiteRed - g
= Can compute up to 3 loops or up to (GN)4 - (Multi-loop methods) \
Post processing / Master integrals /

IBP Reduction .
. . . . . Tensor Tensor Fourier
= Removing higher order time derivatives reduction to Master ] tegrals
integrals

= Removing spurious divergences

. Laurent expansion around d = 3J
= Computing observables [

. v

Binding energy on circular orbits

- { Post-processing ) \

Scattering angle

. Effective 2-body
Mode amplitude and phase - Hamiltonian Observables

Very easy to modify for extra degrees ~ /
of freedom (spin, tides, beyond GR, etc)

[Mandal, Mastrolia, RP, Steinhoff]
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Spin-orbit coupling at 4.5PN:

arXiv:2209.00611 [Mandal, Mastrolia, RP, Steinhoff (2022)]

= Analogous to fine structure correction to Hydrogen atom

= 894 Feynman diagrams up to 3 loops

Quadratic-in-spin coupling at 5PN: (S 2 ), (S(l) - S(2)>

(@)

arXiv:2210.09176 [Mandal, Mastrolia, RP, Steinhoff (2022)]

= Analogous to hyperfine structure correction to Hydrogen atom

= 723 Feynman diagrams up to 3 loops
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- CES2 = 1 for Kerr BHs.

Cé%) and Cég)sz are yet unknown for Kerr BHs

Results also computed by [Kim, Levi, Yin (2022)] using EFTs, and
[ Antonelli, Kavanagh, Khalil, Steinhoff, Vines (2020)] using self-force



Conservative results - 3PN tides
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PR
: = Modelling of mode oscillation of NS
& O L 4 & L 4 . 2

= 290 Feynman diagrams up to 3 loops

= Radiation by a single NS produces a divergent metric

[Blanchet (1998), Goldberger, Ross (2010)] Hence reqUireS renormalisation!!
= This divergent metric shows up in the two-body potential dx 214
KY=R—=——
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Summary - PN pipeline

_

EFT around a point particle for compact objects

( \ Gutomatic computational framewoa

State'Of'the'art reSUItS! "1 of QFT/EFT prove very effective in
\going to higher order corrections !!)_

Spin-orbit Hamiltonian at 4.5PN

(NNNLO): <S<a> ' L) |l s s e

arXiv:2209.00611 [Mandal, Mastrolia, RP, Steinhoff (2022)] 0 1 2 3 4 5 6 B
no spin N 1PN 2PN 3PN N |
Quadratic-in-spin Hamiltonian at spin-orbit L0so | NLOSO |N2L0SO |N3LO SO
) spinA2 LOS2 | NLOS2 | N2LO * N3LO S2
5PN (NNNLO) . (S(a) > R <S(1) . S(Z) > spint3 Lo s3 rIms* NNLO S3 -
spint4 Lo s4| r{.o s4 |NNLO S4
arXiv:2210.09176 [Mandal, Mastrolia, RP, Steinhoff (2022)] spinA5 | | Noas
. «spin"s LO S6 J
Adiabatic and Dynamic tides

Hamiltonian up to 3PN: (

arXiv:2304.02030 [Mandal, Mastrolia, Silva, RP, Steinhoff (2023)]
arXiv:2308.01865 [Mandal, Mastrolia, Silva, RP, Steinhoff (2023)]

Renormalisation of \
post-adiabatic Love number!!

Adiabatic tides Fluxes and modes 500 = R dx 214
K) = —_— = ——
+  Coming out tomorrow!
up to ZPN. [Mandfl.l\/}utstroliu.RP.Steinhoﬁ‘(2024)] J \ dR 105
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