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The post-Newtonian formalism

v v v
Inspiralling phase Merger Vibration
Post-Newtonian approximation Numerical relativity Perturbed black hole

PN formalism:

o Perturbative expansion of the equations of GR

Ot = A (h, Oh, &%)

167G ) A
i ™™ with T =|g|T" + e

o Weak field, small velocities : (v/c)? ~ Gm/rc* < 1
e 4.5PN order — O(1/c”) beyond leading order

@ Present work — non-spinning quasi-circular binaries
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Different space zones in the PN-MPM formalism

Near zone, PN expansion

Exterior zone, PM, {1, Jr,...
Buffer zone
Radiative zone
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Brief overview of the steps to compute the phase
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Brief overview of the steps to compute the phase
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Brief overview of the steps to compute the phase

P(2)
dE
=0
G 1) 77(1) 1 @2, 160 0) 1)
F = |:5Uzj Ul] + 189U1]kUz]k+45V ‘/ij +..

Ui; = M(JQ) + (non-linear terms)

Quentin Henry GdR 2023 October 16" 2023 5/15



Brief overview of the steps to compute the phase

P(2)
dE
=0
G 1) 77(1) 1 @2, 160 0) 1)
F = |:5Uzj Ul] + 189Uz]kUz]k+45V ‘/ij +..

Ui; = M(JZ) + (non-linear terms)

M;; = I;j + (gauge interactions)

Quentin Henry GdR 2023 October 16" 2023 5/15



Brief overview of the steps to compute the phase

?(2)
dE
F=—q
G 1) 77(1) 1 @2, 160 0) 1)
F = = {SU” Ui + 18gUz.ijijkjL%V Vig ')+

Ui; = M(JQ) + (non-linear terms)

M;; = I;j + (gauge interactions)

%z/&mﬂ@+m)

¥ related to the PN metric and the stress-energy tensor

Quentin Henry GdR 2023 October 16" 2023 5/15



The regularization problem: UV and IR

— Formalism written using the Hadamard Partie Finie regularization

— Difference between UV (self field) and IR (infinity) divergencies
e UV: bodies modelled as point particles

o IR: need for a regularization at infinity in the formalism itself

— But dimensional regularization is more suitable at high order
@) = Had) L g

— We compute using Hadamard regularization and difference with DR

— Every step has to be done with this procedure
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Results
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Brief overview of the steps to compute the phase
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_dE

7= dt

G (1) 77(1) L @02 , 160 1),0)
F = [ U U+ 5 (g Uik Uin + 2 Vis Vo .

Uij = Mi(f) + (non-linear terms)

M;; = I;j + (gauge interactions)

Iij=/d3m§cij E+...)
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The source mass quadrupole [MHLMFB20,LHFB21a, LHFB21b]
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— IR pole canceled by the ones of tails-of-tails and tails-of-memory contributions
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The source current quadrupole |HFB21|

— In 3d, J;; defined with Levi-Civita tensor
— Needed to generalize the definition in d dimensions

Sy = e | b2 |le | Sym = A;;, TF STF
7 i|L iL L

B _ 1 ;
Jii =5 Cavti I Jajpj)

— Computed with full dimensional regularization to 3PN
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Brief overview of the steps to compute the phase
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Uij = Mi(f) + (non-linear terms)

M;; = I;j + (gauge interactions)
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From source to canonical moments  |BFL22,TLB22,BFHLT23a|
— In the exterior zone, we link the source to the canonical moments

g, I, W, X, Y, Zr) = k" [My, St

4
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— Hadamard treatment yields a 4PN term that is canceled with DR
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Brief overview of the steps to compute the phase
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Uij = MZ-(J-Q) + (non-linear terms)

M;j = I;; + (gauge interactions)
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Tails-of-Memory |TB23|

— The 3.5PN corrections were already known
— Two types of terms: tail-like and double integral
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— This is the 3d result, the DR correction yields a pole which cancels
the one of [;;. It is incorporated in [;7""™.
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The 4.5PN flux for circular orbits ~ |[MBF16,BFHLT23a]

G (1) 77(1) L @702 (1)y,(1)
F = 05[ Ui Uy + 189UmkU”k+45V Vi )+

< Combine all radiative moments on circular orbits
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The 4.5PN flux for circular orbits ~ |[MBF16,BFHLT23a]
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< Combine all radiative moments on circular orbits
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— The three arbitrary constants cancel out from observables
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Comparison with second order self-force
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Courtesy to H. Estellés
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New feature: Orbital vs observable frequency  [BFHLT23a]

h@m = Hﬂmeiim(ﬁ = ﬁ@meiimw
— Absorb the logs (from tails) in Hy,, with a phase redifinition

w:¢_2GMwln<w>

3 wo

e Orbital frequency: w = ¢
o Apparent orbital frequency (at future null infinity): Q = ¢
— The observed orbital frequency differs by a 4PN correction

192 /Gmw\¥? w 1
Q—w{1—5y< 3 ) [111(000 +1]}+O<010)
N——

4PN

wo X 1 / bo
— Propagation of the GW on a Schwarzschild background

— Crucial to remove arbitrary constants from observables
Quentin Henry GdR 2023 October 16" 2023 14 /15




The 4.5PN phase |[BEHLT23b]
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The 4.5PN phase |[BEHLT23b]
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Thank you for your attention!
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