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Introduction

Topic : Modelling the gravitational waves emitted by a binary
neutron-star system including tidal effects up to the second
relative post-Newtonian order.

HFB20a : [10.1103/PhysRevD.101.064047]
HFB20b : [10.1103/PhysRevD.102.044033]

HFB20c : [arXiv:2009.12332]
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The post-Newtonian formalism

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

— Tidal effects negligible in the inspiralling phase but measurable in the pre-merger.

PN formalism :
o Perturbative expansion of the equations of GR.
4
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Oht =
o Weak field, small velocities : (v/c) < 1.
o 2% relative PN order — O(1/c%).
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Motivations

o All GW detections from LIGO/Virgo came from compact binaries.

GW150914 | GW170817
Chirp mass (M) | 30.477§ | 1.1887000
Cycles 8 ~ 3000

[LIGO, Virgo PRL 116, 061102 (2016);
PRL 119, 161101 (2017)]

NR inadequate for high number of cycles.

@ Necessity to use analytical models for data analysis.
@ Build more precise templates.

e Extend overlap between PN and NR.

o Compare with different analytical methods.

Allows to constrain the equation of state of neutron stars through
Love numbers {k(®), j(0},
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Effective action at 2PN
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o Gog = —Raypputu” : tidal quadrupole moment (mass type)
o Hop =2Ry 5 utu” : tidal quadrupole moment (current type)
o (inp5, : tidal octupole moment (mass type)

—Tidal tensors regularized on the worldline of the bodies — removes proper field.

[HFB20a]

October 15" 2020 7/ 23

Quentin Henry



Effective action at 2PN
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A=1,2

9 k(ﬁ) R20+1
o 1 and o) linked to Love numbers : ,u,%) =@ —Al)!! ‘2; :
0 %= G_m ~ 1 for compact objects.
Rc?

o 1@~ 0 (C—O) ~ 0?) — Newtonian (leading) order (5PN)

o ¥~ 0O <i> — 2PN relative (7PN)
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Computation of EOM and conserved quantities

Total action: S = Sgg + Spp + St.
@ Build an action (called Fokker action) Sgokker €quivalent to S.

e Deduce the associated Lagrangian Lyokker(Y4, VA, A, - - -, c'igl)).

Reduce Lgokker to obtain an equivalent Lagrangian L(ya, U4, d4).

Compute the EOM.

e Compute the 10 conserved quantities { P, J¢, G*, E}.
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2PN CoM energy for circular orbits
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Hamiltonian for tidal effects

— Hamiltonian computed by other groups with different methods
(EFT, scattering amplitudes) in isotropic coordinates in the CoM.

Transform L(§a,Ua,d4) into L' (§a, Ua).

Get a Hamiltonian in the CoM.

Canonical transformation to get a Hamiltonian in isotropic
coordinates

Comparison: in full agreement with the litterature [Solon et al.
2020, Porto et al. 2020].

Computation of the Delaunay Hamiltonian and the orbital
precession for circular orbits.
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Stress-energy tensor and potentials

2 68
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Stress-energy tensor and potentials

o _ 205
Vo) 5g;w
TOO Tzz TOi B
We define o = ——g, o; = and o;; =T,
c c

o OV = —4nGo
o OV; = —4nGo;
o DWij = —47TG(O'Z'j — 5z’j0'kk) — aZV({‘)JV

The metric is parametrized by the potentials : g,, = g, [V, Vi, Wm]
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Source multipolar moments and flux

Multipolar moments :

1
. a - b e 2r
I, = FP/dgx/ dz |:5@Z‘L2 + c—§5g+1xiLZi + C—i5e+2xijLZij:| (x,u + ?>
—1

>, ¥; and X;; contain the o, 0y, 0;; and the potentials V', V; and WZJ

Flux :

= G 2 d 2 G
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[Blanchet Living Review (2014)]
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2.5PN CoM flux for circular orbits
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Balance equation

dE
F=— =
P e(w)
What is new in the phase?
‘ Ptidal H Mass quadrupole ‘ Current quadrupole ‘ Mass octupole ‘
5PN (L) v X X
6PN (NL) v v X
7PN (NNL) new new v
6.5PN (tail) v X X
7.5PN (tail) disagreement new X

Quentin Henry October 15" 2020 18 / 23



2.5PN SPA phase for circular orbits
1/3
= (@) where f is the orbital frequency.
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SPA phase for identical objects
EOB tidal phase of the GW without spin (in the SPA) :
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[Damour, Nagar, Villain (2012)]
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SPA phase for identical objects
EOB tidal phase of the GW without spin (in the SPA) :
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[Damour, Nagar, Villain (2012)]

" U7 5 BUI5 5 5 379931975 , 2137

tidal = =771 1248 44579808 © " 546
49

< Our work fixes 33 16016008634 ~ (0.632

< Slight disagreement on the tail term (o v®).
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Summary

e Computation of the Lagrangian, EOM and conserved quantities.

— Equations of motion
— Energy in agreement with litterature

o Computation of the associated Hamiltonian.
— Isotropic Hamiltonian in agreement with litterature
— Delaunay Hamiltonian and orbital precession

o Computation of the flux and phase up to relative 2.5PN.

— Flux
< Phase in time domain
— SPA phase
Thank you !
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