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Abstract: <p>The observations of gravitational waves from coalescing compact binary systems allow us to test gravity in its strong field regime. In
order to better constrain aternative theories of gravity, one has to build template waveforms for these theories. In this talk, | will present a
post-Newtonian Lagrangian approach adapted to the specificities of scalar-tensor theories. | will derive the equations of motion of a compact binary
system at 3PN order in harmonic coordinates. This result is primordial in order to compute the scalar and gravitational waveforms at 2PN order. |
will conclude by a short discussion on tidal effects.</p>
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TESTS OF THE THEORY OF GRAVITY

WEAK-FIELD REGIME
e Solar-system tests : Lunar laser ranging, etc.

e Binary pulsars tests : detection of GWs, strong constraints on GR end its
extensions.

STRONG FIELD REGIME

Masses in the Stellar Graveyard

in Solar Masses
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DETECTION AND ANALYSIS OF GW SIGNALS
MATCHED FILTERING METHOD

> Need for accurate gravitational waveform templates for GR

> Information about the astrophysical properties of these systems
e Formation and evolution of compact binaries,

e Properties of BHs, equation of state of neutron stars, etc.
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CHALLENGING GR

WHAT IS CURRENTLY DONE
e Theory-independent test,

e Parametrized deviation from GR in waveforms : h(f) = A(f) et P(S)(1+6p(f))

rﬁ‘p — ddp. rir“)l : !5‘(,')-__»4 (Sl,‘i:; O L, r\‘t“aj,; , 0dg, (5(,‘3“, A (5.,‘3-‘-. O“f-__»‘ d-i.", 4 (5r1-_3 L0, d&x |
early-inspiral stage intermediate regime merger-ringdom phase
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CHALLENGING GR

WHAT IS CURRENTLY DONE

e Theory-independent test,

e Parametrized deviation from GR in waveforms : h(f) = A(f) el P(J)(1+p(f))
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PRL116, 221101 (2016)
> No significant deviation from GR
THEORY-DEPENDENT TESTS
We also need accurate gravitational waveforms for alternative theories of

gravity
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ALTERNATIVE THEORIES OF GRAVITY

WHY ?

e High energy regime : quantum completion of GR,

e Low energy regime : dark sectors

e Accelerated expansion of the universe : cosmological constant problem,
e Dark matter is not yet detected — New matter and/or modified gravity ?
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ALTERNATIVE THEORIES OF GRAVITY

WHY ?

e High energy regime : quantum completion of GR,
e Low energy regime : dark sectors

e Accelerated expansion of the universe : cosmological constant problem,
e Dark matter is not yet detected — New matter and/or modified gravity ?

How ?

Relaxe one or several assumptions of GR

e Go to higher dimensions : Kaluza-Klein models, brane-induced gravity,
e Non diffeomorphism invariance : non-local theories,
e Lorentz violation : Einstein-aether, Horava-Lifshitz theories,

e Add extra fields : galileon theories, massive gravity.
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MASSLESS SCALAR-TENSOR THEORIES

> First introduced by Jordan, Fierz, Brans and Dicke more than 50 years ago,
> Only one additional massless scalar field, minimally coupled to gravity.

> It is the simplest, well motivated and most studied alternative theory of
gravity,

> |t passes weak-field tests, i.e. in the Solar System and binary pulsar tests,

> Strong constraints on the parameters of the theory.
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MASSLESS SCALAR-TENSOR THEORIES 7

> First introduced by Jordan, Fierz, Brans and Dicke more than 50 years ago,
> Only one additional massless scalar field, minimally coupled to gravity.

> It is the simplest, well motivated and most studied alternative theory of
gravity,

> |t passes weak-field tests, i.e. in the Solar System and binary pulsar tests,

> Strong constraints on the parameters of the theory.

> Binary BHs gravitational radiation indistinguishable from GR (Hawking,
1972)),

> But strong deviations from GR are expected for neutron stars
(scalarization).
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SCALAR-TENSOR THEORIES

THE ACTION

3 - W
HH'I‘ = ﬁ ([-l.!'\/—.(] [(,JR — «i)-l(}m{f)“(').u,d - H,,, (I'l'l..(},.‘-g)
)TT Cr D
e Metric g..,
e Scalar field ¢ and scalar function w(®),
e Matter fields m, minimally coupled to the physical metric,

e No potential or mass for the scalar field.

No direct coupling between the matter and scalar fields,
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SCALAR-TENSOR THEORIES

THE ACTION

S .
& W‘ J X | ‘ i U
.H’H'l‘ — W ([-IJ'\/’ —(} [(,J[}) — i—)(} {(),,().1’(,‘) + .H“, (I'n_ .(,”‘-g)
yhin ()

Metric g,

Scalar field ¢ and scalar function w(¢),

Matter fields m, minimally coupled to the physical metric,

No potential or mass for the scalar field.

No direct coupling between the matter and scalar fields,

METRIC (JORDAN) FRAME

> Physical metric g. : Scalar field only coupled to the gravitational sector,

> Frame for physical results and observations.
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CONFORMAL VS PHYSICAL FRAME

CONFORMAL (EINSTEIN) FRAME

Juv = L Juv , e

The action becomes,

3 . - ~
c @o = - Siig s 94 2w(e) _as. ; d G 3
Ss1 = /d'w\/—_-; {H My L 0 P s Lt ,,] L (m.

167G, 7 2¢

e Scalar field only coupled to the matter sector.
e Simpler to do calculations.

e In vacuum : decoupling between the scalar and gravitational fields

> Black hole solutions are the same as in GR.
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THE MATTER ACTION

e In GR : during the inspiral GWs depend only on the mass of each body,
e In ST theories : violation of the Strong Equivalence Principle,

> We need to incorporate the internal structure of compact, self-gravitationg
bodies.
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THE MATTER ACTION

e In GR : during the inspiral GWs depend only on the mass of each body,
e In ST theories : violation of the Strong Equivalence Principle,
> We need to incorporate the internal structure of compact, self-gravitationg
bodies.
EARDLEY’S APPROACH

Self-gravitating bodies : the masses depend on the scalar field M 4 (¢)
(Eardley, 1975),

Sm = _Z / dt .\[_\(('J)('2
Al
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SCALAR-TENSOR THEORIES

FIELD EQUATIONS

: ml aalgrl o . ) | _ Loy L
(l;u/ — ﬁ F -“:‘:_—,— f)“(_‘J()I.,(,‘J — T‘)*l(}';”,f)’\(,)() (0] +— :‘; (()“,;(,'J — ”f”’]:].‘f('l))
| 37l 167G | O
D,!(]J — _— -—~)-—---r_'J—r-_--—~ — w"(c"J)('),\c"J(')'\ 0}
: 3+ 2w(o) c? cA (810

L Einstein tensor ("I“’ = [{‘r”/ R %‘(I!”/,

T 9 e m )
e Matter stress-energy tensor : 1}, = e {,’q,:',‘,, I'=g""T,..
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THE SET OF ST PARAMETERS

Far from the system : ¢ = ¢9 = cst and w(¢o) = wo,

din M 4 (¢)

e Sensitivities : s4 = — 2| , and all higher order derivatives,
; 0

e Black holes : s4 = 1/2
e Neutron stars : s4 ~ 0.2 (depends on the eos),

e related to the scalar charge oy ox 1 — 2s4.

e Derivatives of the scalar function w(¢), i.e. 'l—'“
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THE SET OF ST PARAMETERS
Far from the system : ¢ = ¢o = cst and w(¢pp) = wo,

din M 4 (¢)

e Sensitivities : s = —=2-—| , and all higher order derivatives,
! 0

e Black holes : s4 = 1/2
e Neutron stars : s4 ~ 0.2 (depends on the eos),

e related to the scalar charge avy o< 1 — 2s 4.

e Derivatives of the scalar function w(¢), i.e. 'l—““

NEWTONIAN RESULT
Gavmeo
aij N = ———12
"2
. G(442wp) '_)fu,‘“ﬁ.ulf.u‘) ‘F‘—)-‘*l-“"
® (; = — - - -
ST parameters : p Y R A, BT oor ;

> Indistinguishable from GR, effective gravitational constant GG = Ga.
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THE COMPLETE WAVEFORM
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PosT-NEWTONIAN FORMALISM

PoST-NEWTONIAN SOURCE
e |solated, compact, slowly moving and weakly stressed source,
v G'm
e
==

o

=
Il
i;l

)

o

e We can develop perturbatively the dynamics in € ~ '—_"r < 1.
post-Newtonian order : 1PN = O (—';) O (:
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PosT-NEWTONIAN FORMALISM
PosT-NEWTONIAN SOURCE

e |solated, compact, slowly moving and weakly stressed source,

~

v G'm
~

,&
Il
o

<1

L)
rc<

e We can develop perturbatively the dynamics in € ~ ’—_"r €1

o

post-Newtonian order : 1PN = O (—';) O (2).

STATE OF THE ART IN GENERAL RELATIVITY
e Gravitational waveform up to 3.5PN, including spin effects,

e Energy flux at 4.5PN,

e Equations of motion at 4PN :

e Full result without any ambiguity parameter in harmonic coordinates,
e Full result with one ambiguity parameter in ADM coordinates,
e Partial result in effective field theory,

> Dynamics at 4.5PN, and gravitational waveform at 4PN : on-going.
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WHAT HAS BEEN DONE SO FAR IN ST THEORIES
SCALAR TENSOR WAVEFORMS
e Equations of motion at 2.5PN [Mirshekari & Will, 2013],
e Tensor gravitational waveform to 2PN [Lang, 2013],
e Scalar waveform to 1.5PN : it starts at —0.5PN [Lang, 2014],

e Energy flux to 1PN beyond the leading order : it starts at —1PN [Lang,

2014,
. ) - 3 9
d Edipole dmr* [ Gam (89 — 81)°
dt 3red r a(4 + 2wo)
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WHAT HAS BEEN DONE SO FAR IN ST THEORIES
SCALAR TENSOR WAVEFORMS
e Equations of motion at 2.5PN [Mirshekari & Will, 2013],
e Tensor gravitational waveform to 2PN [Lang, 2013],

e Scalar waveform to 1.5PN : it starts at —0.5PN [Lang, 2014],

e Energy flux to 1PN beyond the leading order : it starts at —1PN [Lang,
2014,

dt 3red r

dEdgipole __ Ami? [ Gam : (89 — 81 )'-’
i a(4 + 2wo)

SOME REMARKS
e So far done using the DIRE method [Pati & Will, 2000] ,

e Flux and gravitational waveform at 2PN : on-going (A. Heffernan, C.

Will),

> We need the EoM at 3PN .

Laura BERNARD COMPACT BINARY SYSTEMS IN ST THEORIES

Pirsa: 18010077 Page 25/53



THE MULTIPOLAR POST-NEWTONIAN FORMALISM
e In the near zone : post-Newtonian expansion

R =S R, with  ORE = 167G,
e
m==2

Z“ 1
- ) (s8)
- dwimr_f"f’! ’ with Df-‘m = —87G Tm
on
m=22
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THE MULTIPOLAR POST-NEWTONIAN FORMALISM

e In the near zone : post-Newtonian expansion

R = ST R, with  ORE = 167G,
c
m=2

— ]
S : : “_i-!.f-f"f” ) with Df.'m = =87G Tr(r:l}
m=2 )
e In the wave zone : multipolar expansion
o0
a3 i1 o3 . a3 a3
Sh G = E G h('”). with Dh('“) — = [/m, ..... h(,,_],:e_'}.

=1

M) =Y Gy, with Omy =An” [Yay,. -, Yin-1); h] ,
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THE MULTIPOLAR POST-NEWTONIAN FORMALISM

e In the near zone : post-Newtonian expansion

o0
R | i . ;
h*” = E —h with Okt = 167G T,
=2
-
|
- YRS !__(“"}
h— E — U . with [y, = —87G 7,

e In the wave zone : multipolar expansion

M(h)”-*:Z(x“h”-‘ wish | FlEe — A% The hin—1); %] ,

(n) ? n)
=1

o0
v . (s)
M()) :Z(.”z,'“,}. With Ly = A l_f,‘[H ..... Y(n |):h}.
n=1

e Buffer zone = matching between the near zone and far zone solutions :

M(h) = M (h) everywhere,
M) = M (v) everywhere.
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FOKKER ACTION [FOKKER, 1929]

WHAT IS THE FOKKER LAGRANGIAN 7
> Replace the gravitational degrees of freedom by their solution

SFokker [YA; VA, ...| = S|[gsol (¥yB,VB,...),ds01 (¥B,VB,...); VA]

> Generalized Lagrangian : dependent on the accelerations and their
derivatives,

> It describes exactly the dynamics of the original action.

0 SFokker oS 08 oF i
S = — 73 = g0
) [ 5
oY’y oY’y SR ( e 0Y's
()
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FOKKER ACTION [FOKKER, 1929]

WHAT IS THE FOKKER LAGRANGIAN ?

> Replace the gravitational degrees of freedom by their solution
SFokker [YA; VA, ...| = S|[gsal (¥B,VB,...),ds01 (¥B,VB,...); VA]
> Generalized Lagrangian : dependent on the accelerations and their
derivatives,

> It describes exactly the dynamics of the original action.

5 om0 Ty 0S8 08 oF
oY’y oY’y OF LA

.":.".'-l"l"“'.:["’..l’l 9=0g6] P o]

= ag.0

WHY A FOKKER LAGRANGIAN 7
e Only for the conservative part,

e The “n + 2" method : we need to know the metric at only half the order

we would have expected,

O(n+2) instead of O(2n).
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SCALAR-TENSOR THEORIES

THE GRAVITATIONAL PART

e Rescaled scalar field : p = -~

D) '

e From the conformal metric g, = ¥g,u. to the gothic metric

" = v§3"",

3 .
3 C @0 4 l ) 5 ] s s XY ¢ g ’ =
SST = L ITe. /(I .r[— 9 (F;MUW T U;Wi‘f’“) 610G 6,80°

' i ~ ) i ~ J ; '+_ .—)\A-‘ ~cv (3 ¥
+ Buv (05871 0pa”" )= ——=—0"0apO8p
o2
> gauge-fixing term — harmonic coordinates 0, h*""” = 0

THE MATTER PART

5 [e}

: 9 VAV,

Sm = — E /‘lf Ma(®) c* —Gaps ll'.,‘\
A

> depends on the scalar field through the masses and the physical metric g,z
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PosT-NEWTONIAN FORMALISM : FROM GR TO ST THEORIES

e Perturbed metric A" = g'" — n*" and scalar field ¢ = ¢ — 1,

o At leading order (h, %) = (h%* = K% + B% R% h%; ) = O(2,3,4; 2)
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THE "n + 2” METHOD

CANCELLATIONS BETWEEN GRAVITATIONAL AND MATTER TERMS

e consider the solution (n odd)

”’i:’, =0n+1,n+2,n+1;n+1),
such that
I ” 0SF ’ dSk 5 ; 35Sk | /
—~00ii [h”] =0(n-1), — [;,”] =0O(n), - ij [h”E =0(n-1), — |hn O(n—-1)
oh oh oh o)

e define the rests
00121 01 7 ) ‘ v ‘
Tn+2 = (Tn+8) Tntds rer. Tn43) = Omn+3,n+4,n+ 3;n+ 3),

e expand the action,

d ; i r\'ﬁ'F 0074 r),“\'| 04 {i.“\'r_ ij
OF [h] = OF [h”] g / |: —00ii [h“] "n+3 T —01 .h” ‘n+4 —i] [h”] e
. oh dh oh
55k .
5 [h”} ,'nr.".-!_“‘
o
o 1
e c2n g
> For ST at 3PN : 0 (4,5,4; 4)
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PosT-NEWTONIAN FORMALISM FROM GR

e Perturbed metric h""

~ Ll

TO SCALAR-TENSOR
THEORIES

= gh” — n*" and scalar field ¢ = p — 1,

o At leading order (h, %) = (h%* = h% + h% R% h%; ) = O(2,3,4; 2)

THE "n+ 2” METHOD IN ST
hl]HN — H
02
, 4Vt
hl]! —_ :{ it

i 4
h* = ey (H',_; -
: 2 f.‘J||~.L,'“ ) .
+ | — T
ct ( 3+ 2wo

Vii at N,

> We need V', V'

. Adc
AH it e e ((T,'J‘

[y

LAURA BERNARD

and Yo at 1PN and R*, |

> Y2 1
- +o( ) .
c4 6

(ll,-f-\.".’ + O

,,H)+O(

= f\-,"‘,'(‘l'k.;.») = ('),"v (')J'"

O(4,5,4: 4)

(=)
;)

— (3 + 2wo) i (0) 0% (0)
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How DOES IT WORK IN PRACTICE...

® Compute the (local) Fokker Lagrangian in 3 dimensions :

> using Hadamard-type regularisation for both infrared and ultraviolet
divergences.
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How DOES IT WORK IN PRACTICE...

® Compute the (local) Fokker Lagrangian in 3 dimensions :

> using Hadamard-type regularisation for both infrared and ultraviolet
divergences.

® Treat all the divergences by dimensional regularisation,
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1- CoOMPUTE THE 3PN ST LAGRANGIAN USING HADAMARD
REGULARISATION

UV DIVERGENCES
e Compact bodies modelised by point particles , i.e. ') (x — ya(t))

= divergences at the position of the particles.
I'=Pfi /tl:{.rf

e Two constants of regularisation 1; and .
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1- CoMPUTE THE 3PN ST LAGRANGIAN USING HADAMARD
REGULARISATION

UV DIVERGENCES

e Compact bodies modelised by point particles , i.e. §'*) (x — ya(t))

= divergences at the position of the particles.
[:Rmh/dwf
e Two constants of regularisation 1; and I,.

[R DIVERGENCE
e Post-Newtonian solution valid only in the near zone = divergences at

. ! H_
= I“‘P};:n / (l:,’.-" (l_) £
. Tr'o

e at 3PN in ST contributions !
e constant of regularisation ro : does not vanish through a shift,
e vanishes in the GR limit (wy — oc) and when s; = s5 or 51 ;0 = + (BHs).

infinity,

COMPACT BINARY SYSTEMS IN ST THEORIES
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2- USE DIMENSIONAL REGULARISATION FOR THE UV DIVERGENCES

® In d = 3 + ¢ spatial dimensions :

e GG

e we expand all functions near r; — 0 :

q1
BG— ¥ o £l

pZ2—po 9=—9q0

® Compute the difference between HR and DR through the formula

1= | (&) ‘
5i L [F +;h.1.} (F9 Y+ (1 6 2)

T a=qo0

® Expand the Lagrangian in the limit ¢ — 0.
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2- USE DIMENSIONAL REGULARISATION FOR THE IR DIVERGENCES

e We expand all functions near » — o0 :

q1

: I 7 T N
Fd(x) = Z Z :_f(:_) 'I(“ql(n)

pPZ2—po 4=—qo

e Compute the difference between HR and DR through the formula

l 0 i ghl
Pr=2 [(;——1) B (:’_)] [ aie ) + 0 (@)

q

e Expand the Lagrangian in the limit ¢ — 0.

RESULT
e No more the constant ry : ok

e Presence of a pole % : does not vanish through a redefinition of the
trajectory of the particles!
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3- TAIL EFFECTS AND IR DIVERGENCES

Source

8s- Quadrupole
Interaction

S(0, t-

A SCALAR TAIL EFFECT

e Presence of te IR pole = Non-local tail terms in the conservative
dynamics at 3PN :

'._]l'-'._: % 3 i e/ arT O b (3
Ll — (34+2w0)I® (t) dt |In [ X | 1® (¢—7)
30 : Jo 3"1| 2 “:; t '._!.Cnl I i

> Exactly compensate the pole 1/ from the dimensional regularisation of
the IR divergences.

e New effect in ST theories, due to the fact that the scalar field flux starts
at —1PN.
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WHAT HAS BEEN DONE

EQUATIONS OF MOTION AT 2PN
e Easy and "quick” calculation : O(4,3.4; 4), only Hadamard regularisation,

e Confirmation of the previous result by Mirshekari & Will (2013).

AT 3PN wWiTH HADAMARD REGULARISATION (3 DIMENSIONS)
e Fokker Lagrangian using Hadamard regularisation,

e Tail term using a Hadamard-type regularisation,

e Some consistency checks :

e GR limit : wo = oo => GR result,
e Two black hole limit : s; = so = £ = indistinguishable from GR.
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WHERE ARE WE

[IMPLEMENTATION OF THE DIMENSIONAL REGULARISATION

e Dimensional regularisation for the UV and IR divergences,
e 3PN scalar tail term in d dimensions,

e Tests of the results and regularisation procedure

e GR and 2-black-hole limits : ok

e Renormalisation of the trajectories <> the poles disappear : ok
e Lorentz invariance : ok
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WHERE ARE WE

(ON-GOING CALCULATIONS

e Poincaré group symmetry — 10 conserved quantities

e Energy, angular momentum, linear momentum, center-of-mass
e Carefull treatment of the non-local contribution
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WHERE ARE WE

(UN-GOING CALCULATIONS

e Poincaré group symmetry — 10 conserved quantities

e Energy, angular momentum, linear momentum, center-of-mass
e Carefull treatment of the non-local contribution

WHAT’S NEXT ?

> Ready to use eom to be incorporated in the scalar waveform and the scalar
flux at 2PN,

> Incorporate the tidal effects (important for neutron stars).
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TIDAL EFFECTS - IN

FINITE-SIZE EFFECTS IN GR
! U | 12 v2 _:.
‘SI‘th']llll'll bodies — 'S|1.|1. ~+ / (!\"_l( LU PO -+ ’u'.]( u- + (‘t('.) (‘(l.‘-\‘

Clpo : Weil tensor, C' ~ R™2.
i 4 Gm\4 . L 1 4 b ~
> k~mR* ~m (<) = corrections ke“C* ~ O () : starts at 5PN,

> Tidal Love number Qi; = —X2 &ij, with Ao ~ R®
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TIDAL EFFECTS - IN GR

FINITE-SIZE EFFECTS IN GR
-S'vxtn-mlml bodies = -Sl|1.|1. +- / (!\"_’(vjl-:w,nrr +- ’l'.l('2f12 -+ (‘t('.) (‘(I,.‘w‘

Cl,o @ Weil tensor, C' ~ R™2,

: m \ 4 . g .
> k~mR*~m (“%*)" == corrections kc*C? ~ O ((—ﬁ) . starts at 5PN.

> Tidal Love number Q;; = —)2 &ij, with Ao ~ R

MORE PRECISELY

: : ) 2(1=2)! LE :
e Electric-type tidal Love number !,] QL = _(ETH]” !r,LRE;HE,, with
Eu|---r|', XX ('(r|(h.'-_3[}:u_»;---rf,,

e Similar definition for the magnetic-type tidal Love number k&,

> Tidal love numbers for black holes are zero.
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A WORD ON FINITE-SIZE EFFECTS - IN ST THEORIES

FINITE-SIZE EFFECTS IN SCALAR-TENSOR THEORIES

h'm = Z / dt IH[\;}('B
y- i

with m(p) — m[p, §uv] = m(p) + N()3"" 0. ¢ + etc.

.‘
‘f‘ ‘I
VAU A

]

—gap
P

2

o with N ~ mR* ~ m (“5)°

> corrections to the motion N|[p|c?(dp)* ~ O (=) : starts at 3PN !

C

Laura BERNARD COMPACT BINARY SYSTEMS IN ST THEORIES

Pirsa: 18010077 Page 48/53



A WORD ON FINITE-SIZE EFFECTS - IN ST THEORIES

FINITE-SIZE EFFECTS IN SCALAR-TENSOR THEORIES

'qm = Z / dt IH[\;}("-’
A

with m(p) — mfp, §uv] = m(p) + N()3"" 0. ¢ + etc.

.{
lf l.
VAV A

¥
\(
2

—fap
(

4

o with N ~ mR* ~ m (<5)°

> corrections to the motion N|[p|c?(p)? ~ O (=) : starts at 3PN !

C
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A WORD ON FINITE-SIZE EFFECTS - IN ST THEORIES

FINITE-SIZE EFFECTS IN SCALAR-TENSOR THEORIES

'S|||1 = Z / dt IH[\;} ('2
A

with m(p) — m[p, §uv] = m(p) + N()3"" 0. ¢ + etc.

—fdap

9
G'm

o with N ~ mR* ~ m (“§)°
> corrections to the motion N[p|c?(dp)* ~ O (=) : starts at 3PN !

[ ¢

SOME PROPERTIES

e 3 types of TLNs : k¥, kP and k7,
e In Brans-Dicke theory (w = ¢ste) tidal Love number for BHs are zeros,

e Compute tidal Love numbers for ST theories in general.
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CONCLUSION

EQUATIONS OF MOTION AT 3PN IN SCALAR-TENSOR THEORIES
e Equations of motion at 3PN in harmonic coordinates ,

e Conserved quantities : in progress.

Laura BERNARD COMPACT BINARY SYSTEMS IN ST THEORIES

Pirsa: 18010077 Page 51/53



CONCLUSION

EQUATIONS OF MOTION AT 3PN IN SCALAR-TENSOR THEORIES

e Equations of motion at 3PN in harmonic coordinates ,

e Conserved quantities : in progress.

PROSPECTS

e Waveform for ST theories at 2.5PN

¥

o Tidal effects (start at 3PN or even at lower order for ST theories),

e Construct a full IMR waveform,

e include dynamical scalarisation
e EOB waveform

e Comparison with gravitational self-force results and numerical relativity in
ST theories.
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TAKE-HOME MESSAGE

WE NEED TO BUILD PRECISE GRAVITATIONAL WAVEFORM
TEMPLATES FOR ALTERNATIVE THEORIES OF
GRAVITY !
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