Gravitational-wave mode (2,1) at the 3.5PN order
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System of interest

What we want to model:
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Why do we need high accuracy?
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e cross-correlation for detection & parameter estimation
+ ET, LISA

e reduction of biases when comparing/combining with NR
=

computation of ¢ to 4PN
. and beyond J




What do we compute?

first term of the 1/R nsion of the form
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Generalizes the quadrupole formula mistcin 1918))
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Leading order contributions
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[Larrouturou et al., (2021) arXiv:2110.02240, 2110.02243] this talk @ 3PN



MPM formalism
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Near zone: post-Newtonian (PN) expansion e=(4)"«1

Vo G/ A3z’ ti\zfm'\ £<<T = §<<1
|z c
3.0 1
= V=G dirr ! 773/ 32'o(x',t)
|z — /| cd

Exterior zone: multipole expansion 4+ weak field
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Multipolar expansion of the gravitational field

Harmonic gauge equations (arbitrary dimension

Oyh" =0 (gauge condition on shell)
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Decomposition into irreducible elements

What we want: A7 4 \27le = 0 = AK1 & A2 =
What we don’t want: T% + 6%T = 0 with TY = —§9T




Source moments in d dimensions

e Einstein’s equation in vacuum [A* = /—gg"* — n"]
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e Most general retarded solution at linear order (with A*” — 0) in d dim

— MY

(REE)

Oh" =0

(Gauge)

Rt = hi%, + (gauge transformation)"’
o _ AR, 5 S
hl can Y 0Ll
¢ ! [ifi =l
£=0 ]
0 _ AN () =/
hlcan = 2.7 |:8L 1I7,L 1+ 16L=]i\Lj| =Iﬂ
+o0
y 4 IR () 20 . -1 3
[ o S I, Tl + ——OL K,
fen =~ 2.7 O—2lijL—2+ ;- 00-1J -1y + 5700 Kiir




Principle of the method

e Expression of J; 1,
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In 3 dimension: J, = ¢ =!!.

o Link between radiative moments and source moments
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Source modeling

@ Modeling of binary systems
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point particle divergences cured by dimensional regularizationJ

e Expression of a given integral in FP and dim reg
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o Difference between the two regularizations [pinchet et al. (200)]
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Calculation of J;;

3 types of terms (of 210)
e compact support: 50 terms
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@ non-compact support: 131 terms
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— distributional parts of derivatives taken into account
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ression of the gravitational-wave mode (2,1)
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@ Results

o We investigated the multipole moments in d dimensions
o We computed J;; at the 3PN order <« test of constant shift [Damour & Iyer (1991)]

o We obtained h?! at the 3.5PN order < test particle limit [Tagoshi & Sasaki (1992)]

o Prospects
o Computation of the 4PN flux
o Consideration of effects beyond the point-particle model (spins)

o Generalization of the expression for h?' to eccentric orbits



