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Different steps of the presentation :
m define massless scalar-tensor theories

m find the field equations

m solve the field equation using two approximations and the matching
equation

m compute waveforms using the matter sources
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Full scalar-tensor action : Sg7 = Sgravity + Smatter
Jordan-frame action:

Sgravity[gabv¢ 167 G/d4x\/7 |:¢R E;b) aﬁa ¢8ﬂ¢:|

Scalar field parametrizations : ¢ = ¢op = ¢o(1 + )
Conformal metric : g, := %g,w = P9
Gothic metric : gH* = /—ggh" = n** + b
Einstein-frame action :

. Ao M~ 3., 9+ 2w(o) .,
Sravity [Jabs ¢] = ——o /d4fc\/ *g[lﬂgg 5%%@”9 BvaSovﬁsﬁ}
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Harmonic gauge-fixing

UNIVERSITE

SORBON NE I’.@vamlre

Institut d’Astrophysique de Paris (SU) - Laboratoire Univers et Théories (Observatoire de Paris)
Add gauge-fixing term —fgagg“”gpaf‘a F
ensures the harmonic gauge condition:

~in action which automatically
O =
Find:
ab 63¢0 4 Lo Lo = yn% p
Sgravity[h ¢] - W z _5 OupBro — §guugpo g 8/\g 0 g
- - - - - 3+ 2w
T Ouv (6pglwaagyp 0,80 W) ) W)
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Field equations
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The action principle applied to the full action : Sg7 = Sgravity + Smatter
yields the exact, coupled and non-linear field equations:
16w G
O = =7
81G
U,y = - Ts
© 4
W= T (—g)TH 4 — AM[h,
= 2 () T 4 N )
© oT ct
T = V=g <T — 2<p>
T do(3+2w(9)) dp
A [h, ] = App[h] +
N.B. :

& GAqu% Y]
Ay [B] + Ngp(h]

A Th, )]
the harmonic gauge need not be imposed by hand because it is
enforced by the field equations via the gauge-fixing term

David Trestini

Gravitational waves in massless scalar-tensor theories




The strong equivalence problem

Scalar-tensor theories
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m respect the weak equivalence principle (universality of free-fall)
constitution of test-bodies)

m violate the strong equivalence principle (free-fall independent of the
and Taylor-expanding around ¢g

where

ma(Y) = my (1 + 549 + %

Following Eardley 1975, account for this by making the mass ¢-dependent
(k) .
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Matter action, EM tensor
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for strong equivalence principle violation)

m Two-body problem (structureless point particles, but have to account

m Skeletonized matter action for point particles, where v/, := (
Smatter [.gab7 Y1, Y2, 1, V2,

-3 [atms
A
m Energy-momentum tensor

c, qu)
v3 (1) v (1)
— Jap
ga(t)
THY(t,2) =

c2
2 5 Sm atte r
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Solving the field equations 63&“&2‘,’45 i
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The field equations [, h*" = 160#7“” and [,y = —8276:7'5 are valid
everywhere, but must be approximated differently :
® in the interior near zone (r < a ~ Rg < \/2m, TH #0)
m in the exterior near zone (Rg ~ a < r <R ~ \/2m, T* =0)
® in the wave zone (r > R ~ /2w, T* =0)
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In the exterior near zone and in the wave zone, there is no matter so the
most general solution can be parametrized via STF radiative moments Uy, :

0 m)
hwzaeaL {UL(tTT/] ZZBZanUi mcm/C)
=0

f 0 m=0
Partial proof : O[F(t —r/c)/r] = 0= 0Oh = 0 (commute derivatives)
In the interior and exterior near zones, matter exists but retardation are

small, so we truncate to finite PN order : Oh ~ 7 which can be solved by
h ~ FPO™'7. This can be explicitly expressed as a multipolar expansion :

N MI[N] F[N] ¢ m)
- np+QFP+Q’p,q[I, J,] LG [I J ]
h~ Z% Z; Toa o ZZ; Zoégm =

p=U q= m=
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To link the two approximations, we promote a numerical equality in the
overlapping zone to a formal matching of two asymptotic series

M(h) = Z ArP(Inr)1F(t) = M(h)

NZ, /o0 [Multipolara /HO} = FZ, ne [PNC_,OO}
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Our work : compute the source multipoles (1) for the
gravitational and scalar fields (hard at high order !) and
deduce via the matching equation the asymptotic
gravitational and scalar waveforms. These waveforms
parametrize reasonable deviations to general relativity:
when compared to gravitational wave detector signals, we
can either constrain scalar-tensor theories even further, or
discover deviations from general relativity.
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m for a complete review of the PN-MPM formalism :

m Blanchet, L. "Gravitational Radiation from Post-Newtonian Sources

and Inspiralling Compact Binaries.” Living Rev. Relativ. 17, 2 (2014)
m for a complete review of scalar tensor-theories :

m Fujii, Y., & Maeda, K. (2003). "The Scalar-Tensor Theory of
Gravitation” (Cambridge Monographs on Mathematical Physics).

m for the most up-to-date expression of the EOM in massless ST theories :

m Bernard, L. "Dynamics of compact binary systems in scalar-tensor
theories: |. Equations of motion to the third post-Newtonian order”
Phys.Rev.D 98 (2018) 4, 044004

m for the most up-to-date expression of the fluxes and waveforms in massless
ST theories

m Lang, R.N. "Compact binary systems in scalar-tensor gravity. Ill. Scalar
waves and energy flux”, Phys. Rev. D 91, 084027 (2015)

m Sennet, N. et al. "Gravitational waveforms in scalar-tensor gravity at
2PN relative order” Phys. Rev. D 94, 084003 (2016)

m for a justification of the ¢-dependant mass

m D. M. Eardley, ApJL 196, L59 (1975)
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