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Gravitational Wave Signal
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How many cycles we detect?
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Post-Newtonian theory




Post-Newtonian theory

» Perturbative e%<pansion of relativistic effects
»1 PN —» (9)
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2 tasks:

Einstein quadrupole forrr)wula: .
3a7(N) 137 r(N

]rzi d°M;;" " d°M;; :0i

Hed dt dt 2

Blanchet-Damour-lyer formalism |




Blanchet-Damour-lyer formalism|

The source is post-Newtonian If: Y <
C

It the source is post-Newtonian we can define:

»A near zone: 1T << A
»A far zone: r >> Length of the source

» An intermediate zone: Length of the source << r << A
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‘Blanchet-Damour-lyer formalis

» Post-Newtonian development diverges in the far-zone

F(t — g) = F(t) — EF’(t) + ... diverges for 7 — 0O

» (Vacuum) multipolar expansion diverges whenr — 0, and is not valid
iInside the source

» It the source is post-Newtonian, there is an intermediate zone for
which both expansions are valid and where a matching equation can
be written [[...];Blanchet 98]



Once the equations of motions and the flux is known at n-PN,
we consider circular orbits:

dE, B o [dQ L
= _fn-bqb—/ﬂ(t)dt_/EQ_/dQF(Q)Q
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Impact of 4.5PN

PN order 1AMy +1.4My 10My +1.4M, 10 My + 10 M,
N (inst) 15952.6 3558.9 598.8
1PN (inst) 439.5 212.4 59.1
1.5PN (leading tail) —210.3 —180.9 —51.2
OPN (inst) 9.9 9.8 4.0
05PN (1PN tail) 117 —20.0 7.1
3PN (inst + tail-of-tail) 2.6 2.3 2.2
35PN (2PN tail) 0.9 1.8 0.8

[Liv. Review L. Blanchet]
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The Multipolar-Post-Minkowskian algorithm

———————

» Goal: building the most general past-stationary vacuum solution
representing the spacetime in the far-zone

» This solution will depend on unspecitied functions (M andSy).
» The matching equation will relate these functions to the physical
properties of the source and will provide explicit formulae to

compute them.

» My, correspond to the mass L-multipole moments of the source
and St to its current L-multipole moments.



The MPM algorithm

W = \/—gg"’ — " = GhMY + G2hPmv

hg;g = Ay, (B, )
0'nll) =0
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The MPM algorithm
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First issue: UV regularisation

B
1 r
—1 [ s A [z—a") FPp—g <—> A
[ A(:z:,t)—/d:c pr— _ o _
1 B & C, analytic continuation
Issue: A~y —, k>3
r
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Second issue: tails

Source ) 00
hMXMij (t, T) g M/ dTMrLJ (t — T — T)Q(T)

Past Light Cone
S(O, t-



Talls




FPp—g O

m) This enables to solve: h(Z) = FPp_o0 7 A, (R1F, pHoF)



Second issue: tails

Source ) 00
hMXMij (t, T) g M/ dTMrLJ (t — T — T)Q(T)

Past Light Cone
S(O, t-



The 4.5PN project




4.5PN project

—:

» Equation of motion at 4PN

»Energy at 4.5PN

»Flux at 4.5PN: - Contributions to the tails at 4.5PN

- Other contributions at 4PN which require

to compute the 4PN mass quadrupole and
the 3PN current quadrupole [...]

In this presentation: contributions at 4.5PN of the tails:

(2) (3) (4)
hMXMz‘j ) hMQXMZ'j hMSXMZ‘j

arxiv:1607.07601
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» Required new analytical formulae

| —

L (1) ’ " /100 dyQum (y) F'(t — ?“y)]

o

FPg_oO0 !

— _fy /100 dsFE=2) (¢ _ ps) (Ql(s) /S dyQ —*+2) (y) Py (y) + Py(s) /OO dyQf, 2 (?J)Qz(?ﬂ)

1 S

_ i, _
F(t —
FPp_o0 |7y (1> In ( T > 1)

_ ny [ s- s — r?
:_QT/T dsF(t — s)Qm (;) [ln( o )—|—2Hl]

» Implementing the algorithm into Mathematica

h; h h3
* MXMij7 MXMXMwW MXMXMXMZ'J'
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Going to radiative coordinate

When r — oo

M3ty [T°° 148 232 r T
v, == | ar {“1“ @ ) ()
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T =X"
i R=X"X,

Now T — R = Const represents true Light-cone
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Computing the flux for circular orbits

‘

M3N,, [+t 8 232
Hry, = e / dTM;@{_gms (zlbo)_mz (%%ﬁl(%)l(f)

14272, (T \ 104, 07\ 16480 23w\ (1] (4.40)
——— In | — —In| — — — o .
2205 "\ 20 /) " 15 “\2r) T 1575 63 R .

4 +00 1 2/ 1
H%.‘T — _E P’ijkl Z E {NL_2 Ule_g(TR) — g—l——l aL—2 Eab(k ‘/l)bL—Q(TR)} + O (ﬁ)
/=2

M;; computed explicitly for circular orbits with the matching
equation |



Computing the mass quadrupole

*

4
y T =| g | T + ——— A [h, Oh, 9°h]

167G
—00 —11 .
' — J;T Y = 100 25 = Ti; (PN expansion)
C C
(20 + 1)!! N
01(2) = 1 — L
> 0u(2) 20+1]1 (1=2%) IR regularisation !

Matching equation:

The computation of M;;is a PN computation in the near zone.
It Is known at 3PN and in progress at 4PN [2nd year PhD project]



Results
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What is next?

N

» The 4PN equation of motion has now been computed by
different methods (Hamiltonian and Fokker Lagrangian
complete, EFT in progress).

» In order to compute the 4PN coetticient of the flux for circular
orbits, the 4PN mass quadrupole and the 3PN current
quadrupole still need to be computed.

» Once this is done, different physical results (Flux, phase
evolution, wavetorm, polarization modes etc.) can be
computed at 4PN and then directly used.



Conclusion

L

» With the first detections of gravitational waves and the
future development of gravitational detectors, improving the
accuracy of GW template is more and more crucial.

» PN computation plays a major role for building templates

» We have computed all the contributions entering the flux at
4.5PN but the 4PN coefficient is still required

» Once the 4PN mass guadrupole and the 3PN current
guadrupole are computed, we'll be able to plug in all the
pieces up to 4.5PN and obtain physical guantities such as
the phase of the signal at 4.5PN.
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