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Binary system overview

The object under study

NASA/CXC/GSFC/T.Strohmayer




Binary system overview

Which observables ?
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Binary system overview

Some orders of magnitude

e VIRGO/LIGO band : 10Hz - 1kHz
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Binary system overview

Some orders of magnitude

VIRGO/LIGO band : 10Hz - 1kHz
r(10Hz)~ 300 km — r(1kHz)~ 14 km

v(10Hz) ~ 0.06 — v(1kHz) ~ 0.3
t ~ 5 min.

—thfw Ydt ~ 4 x 10* rad
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Binary system overview

The impressive precision of GW detectors

Corrections 3 PN A® ~ ¢4 ~ 1|

x10%° Example Inspiral Gravitational Wave
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Binary system overview

Modified gravity effects : Scalar-tensor theory

o Additional power loss

C.M. Will, 2014
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@ Supplementary polarisation
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system overview

Modified gravity effects : Scalar-tensor theory

o Additional power loss Tensor GW
he v

@ Supplementary polarisation

e Dipolar radiation !

(b)

Gravitational strain

— Quadnpole
—— Dipole

- C.M. Will, 2014
Time
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e NRGR in a scalar-tensor theory

@ Building up the action
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Invariances of the system
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Invariances of the system

2 (M)

o z# — 2'F(x) = Use R and -
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NRGR in a scalar-tensor theory Building up the action

Invariances of the system

o *

o z# — 2'F(x) = Use R and -
o Xy = N, (\g) = Use dr = /g datdz”
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NRGR in a scalar-tensor theory Building up the action

Invariances of the system

o *

o 2t — 2'F(x) = Use R and -

o Ay = N, (\g) = Use dr = /g datdz” = dt\/l —v? — hyvtoY

Fluctuating field
v = Nw + h,uz/
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NRGR in a scalar-tensor theory Building up the action

Point particles action

S = ngv + Spp,1 + Spp,2

mb [ o
Sgrav = 7 d*z —gR

Sppa = — Ma / drg
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NRGR in a scalar-tensor theory = Building up the action

Point particles action

S = ngv + Spp,1 + Spp,2

2
Sgrav = %/d%v —gR —

Sppa = — Ma / dre +
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NRGR in a s ensor theory Building up the action

‘Quantum’ gravity

Integrate out fluctuating fields :

eiSelxi (0100 = [ Dlp | D]@]erSx (0 huro)

Ser contains the dynamics of the point-particles only
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NRGR in a scalar-tensor theory Building up the action

‘Quantum’ gravity

Integrate out fluctuating fields :

eisef[xl(t%XQ(t)} — fD[huy]D[¢]eis[xl(t)vx2<t)7hNVa¢]

Ser contains the dynamics of the point-particles only

(i) = [ it ve) - TR

and

T d’T
3Sep) = 5 [ dEd e DR
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In practice

@ Feynman expansion




NRGR in a s ensor theory Building up the action

In practice

@ Feynman expansion

@ No loops ! % ~ 10776 where L = mrv
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In pratice
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NRGR in a scalar-tensor theory Building up the action

Power-counting rules

Small expansion parameter

Vertex
Expression
Weight
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Power-counting rules

Small expansion parameter

20
—
' h
Vertex |
Expression 2 [ dthoo
Weight v

A. Kuntz (CPT) 10/2018
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Power-counting rules

Small expansion parameter

WY v?
— > ————
' h ' h
Vertex w |
Expression 2 [ dthoo 2 [ dthiv'v?
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NRGR in a scalar-tensor theory Building up the action

Power-counting rules

Small expansion parameter

WY v? —»—U'Q—F
' h ' h
Vertex | ‘ ¢
Expression 2 [ dthoo 2 [ dthiv'v? bm [ dtg?
Weight v v? v?
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e NRGR in a scalar-tensor theory

@ Conservative dynamics




NRGR in a scalar-tensor theory Conservative dynamics

0| (or Newtonian) Lagrangian

20

(a) (b)

Figure: Feynman diagrams contributing to the Newtonian potential
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NRGR in a scalar-tensor theory Conservative dynamics

0| (or Newtonian) Lagrangian

(%
(a) (b)

Figure: Feynman diagrams contributing to the Newtonian potential

1 1 GNm1m2 2
Lo = —mv? + =mav2 + —————= (1 +2a
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NRGR in a scalar-tensor theory Conservative dynamics

0| (or Newtonian) Lagrangian

(%
(a) (b)

Figure: Feynman diagrams contributing to the Newtonian potential

1 1 GNm1m2 2
Ly = =mvi + ~movi + — (14 2a
VR T TR g (1) — X2(t)|( )
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NRGR in a scalar-tensor theory Conservative dynamics

2

v (or EIH) Lagrangian
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Figure: Some Feynman diagrams contributing to the v? Lagrangian
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NRGR in a ar-tensor theory Conservative dynamics

v (or EIH) Lagrangian
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NRGR in a ar-tensor theory servative dynamics

U5 (or EIH) Lag

A. Kuntz ( ) 24/10/2018



NRGR in a scalar-tensor theory = Conservative dynamics

v (or EIH) Lagrangian

1
Lerg = 3 za: Mmavy

(Vl : XIQ)(VQ : X12)
|x12[2

Gm1m2

[(v%va%) —3vy - vy — + 2v(vy 7v2)2

2|X12|

B é2m1m2(m1 + TTLQ)

(26-1)

2|X12‘2
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e NRGR in a scalar-tensor theory

@ Dissipative dynamics




NRGR in a scalar-tensor theory Dissipative dynamics

Multipole expansion

Figure: Some Feynman diagrams for the emission of one radiation scalar.
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NRGR in a scalar-tensor theory Dissipative dynamics

Multipole expansion

Figure: Some Feynman diagrams for the emission of one radiation scalar.

Net result :

1 i 1 S
Sint = Q/dtIhJROi0j+W/dt <I¢¢+I¢8i¢+21¢ﬂai8j¢> +...
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NRGR in a scalar-tensor theory D pative dynamics

Radiated pow

Quadrupole formula :

G cee 2
Ph:?N 7Y 4+

Cumulative period shift (s)
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NRGR in a scalar-tensor theory

Radiated power

Quadrupole formula :

G cee 2
Ph:5N<I;J >+

Dissipative dynamics

Cumulative period shift (s)
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Monopole, dipole and quadrupole scalar radiation :

Py= 26 (1) + 3 (1) + 5 (18 )+ )
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NRGR in a scalar-tensor theory Dissipative dynamics

Radiated power

Quadrupole formula :
Ph:5N<IhJ >+

Monopole, dipole and quadrupole scalar radiation :

Py= 26 (1) + 3 (1) + 5 (18 )+ )

Cumulative period shift (s)
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I4 = Const + vZcorrection, Ié) x ai — ay
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Conformal tranformation

ape [ dr,¢ and b%ﬁ‘) [ d7a¢* can be seen as
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Outlook and conclusions

Conformal tranformation

ape [ dr,¢ and b%ﬁ‘) [ d7a¢* can be seen as

;»m/d%zm/dn/z
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Outlook and conclusions

Disformal operator...

Other operator allowed :

AP
m/dr@u;
-
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Disformal operator...

Other operator allowed :

dzH do
m/dr@uqde —m/deT

is a total derivative !
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Outlook and conclusions

Disformal operator...

Other operator allowed :

dzH do
m/dr@uqde —m/deT

is a total derivative !

but )
m/dT <Zi)

is allowed...
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Outlook and conclusions

...from disformal transformation

Disformal coupling

Guv = A(¢)guv + B(qﬁ)@#(ﬁ&,qﬁ
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Outlook and conclusions

...from disformal transformation

Disformal coupling

Guv = A(¢)guv + B(qﬁ)@#(ﬁ&,qﬁ

~2 2 dat\?
= dT = dT A + B 8}‘¢$

We plan to study the effects of such an operator, as we done for the

conformal coupling
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Outlook and conclusions

Conclusion

e We generalized NRGR to a scalar-tensor theory
e Effective theory point of view : operators allowed by symmetries

o We plan to examine the effects of disformal couplings
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