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Binary system overview

The object under study

Credit : LIGO/Virgo
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Binary system overview

Which observables ?

Prehistoric times

] Today
W
= ]
= ]
[
= -
& - Se-21
= . E
E. ] 7]

] E
.g 5§ o
= ]
L) - Z
E 1 ]
E ] S
E] ] Se-21
=}

\;: 0.05 0.1 15
- Time (s)
_qp bl Ligasloiosilagsyl

1975 1980 1985 1990 1995 2000 2005
Year ¢(t)
FE

A. Kuntz



What if GR is not the ultimate theory ?

@ Source :
Abbott et al. ‘16

GWI150914 + GW151226

Dipolar radiation = dw(t) Eardiey 1975), PN coefficients
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Binary system overview

What if GR is not the ultima

e Source : Dipolar radiation = dw(t) (eardiey 1975), PN coefficients

Abbott et al. “16 GWI50914 + GW151226
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e Propagation :

o Speed |er — ¢ < 1071° Lico/Virgo 2017
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Binary system overview

What if GR is not the ultimate theory ?

e Source : Dipolar radiation = dw(t) (eardiey 1975), PN coefficients

Abbott et al. “16 GWIS0914 + GW151226
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e Propagation :

o Speed |er — ¢ < 1071° Lico/Virgo 2017

-] Damplng = di 7é dEM Deffayet, Menou 07 ; Amendola

et al 17, etc
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Binary system overview

What if GR is not the ultimate theory ?

@ Detection : Additional polarization

Tensor GW

Hardly detectable, low amplitude and needs at least 3 GW detectors !
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Binary system overview

Some orders of magnitude
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Binary system overview

Some orders of magnitude

e VIRGO/LIGO band : 10Hz - 1kHz
r e 7(10Hz)~ 300 km — r(1kHz)~ 14 km
@ o v(10Hz) ~ 0.06 — v(1kHz) ~ 0.3

@ t ~ Hmin.

A o d= 2ftif w(t)dt ~ 4 x 10* rad

A. Kuntz (CPT) EFT for GW 05/2019 7/ 31



Binary system overview

Perturbative solution of the EOM

Conventional PN calculations :

OrM = —167GTH = Solve for h*¥ = Plug back in the action
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Binary system overview

Perturbative solution of the EOM

Conventional PN calculations :

OrM = —167GTH = Solve for h*¥ = Plug back in the action

EFT approach :

etfet = /D[hmx]eis ih
4>—‘—H

Goldberger and Rothstein (2006)

Porto (2006)
+ many developments...
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9 Building up the action




Building up the action

Invariances of the system
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Building up the action

Invariances of the system

2 (M)

o z# — 2'F(z) = Use R and -
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Building up the action

Invariances of the system

o *

o z# — 2'F(z) = Use R and -
o Xy = N, (\g) = Use dr = /g datdz”
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Building up the action

Invariances of the system

Guv = N + h,uu
1(A1)
2

~
o z# — 2'F(x) = Use R and -

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

Point particles action

S = Sgr(w + Spp 1+ Spp2

Sgrav = /d4x\/ gR —

Spp7a - /dTa _
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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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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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Conservative dynamics
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e Conservative dynamics




Conservative dynamics

0| (or Newtonian) Lagrangian

(a) (b)

Figure: Feynman diagrams contributing to the Newtonian potential
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Conservative dynamics

0| (or Newtonian) Lagrangian

’UO UO
—,——
h T
’UO UO
(a) (b)

1 1
Lo = lev% + imgv% +

GlemQ

a(t) —xa(] T2)
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Conservative dynamics

0| (or Newtonian) Lagrangian

’UO UO
— - ———
h r
'UO UO
(a) (b)

1 1
Ly = Emﬂl% + §m2v§ +

GlemQ
[x1(t) — x2(t)]

(1+2a?)
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Conservative dynamics

2

v (or EIH) Lagrangian

UO v

Figure: Some Feynman diagrams contributing to the v? Lagrangian

A. Kuntz (CPT) EFT for GW 05/2019



Conservative dynamics

v (or EIH) Lagrangian
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Conservative dynamics

r EIH) Lagrangian

A. Kuntz (CPT) EFT for GW 05/2019



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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Conservative dynamics

Renormalization of the mass

Figure: Diagrams contributing to the mass renormalization.
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Conservative dynamics

Renormalization of the mass

Figure: Diagrams contributing to the mass renormalization.

_mbare/dt — _(mbare+E(A))/dt
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Conservative dynamics

Renormalization of the mass

E(A) =

Figure: Diagrams contributing to the mass renormalization.

_mbare/dt — _(mbare+E(A))/dt

i

Gfd?) d3yp( x)p(y)

[x—y]|

E=0 E 0
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Conservative dynamics

Renormalization of the charge

Figure: Diagrams contributing to the charge renormalization.
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Conservative dynamics

Renormalization of the charge

Figure: Diagrams contributing to the charge renormalization.

are A.
abaren;sp /dt¢> — a(A)m()/dt¢

mp
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Conservative dynamics

Renormalization of the charge

Apare — a(A)

G = Gn(1+2a?)
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Conservative dynamics

Renormalization of the charge

Apare — a(A)

G = Gn(1+2a?)

] FOT B <EA+EBﬂ

ma mpg
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Conservative dynamics

Renormalization of the charge

émlmg
T
Apare — a(A)
G = Gn(1+2a?)
Giomims
T

= Guap=C |1+ (4B —7-3) <mi‘l+7£>}

Nordtvedt (1968)
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Dissipative dynamics

Outline

e Dissipative dynamics




Dissipative dynamics

Multipole expansion

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

Radiated power

Quadrupole formula :

G cee 2
Ph:?N 7Y 4+

Cumulative period shift (s)
|
T

-30 \

\

() W T PN I P I
975 1980 1985 1990 1935 2000 2003
Year

A. Kuntz ) or 05/2019



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)
T
L

\

() W T PN I P I
975 1980 1985 1990 1935 2000 2003
Year
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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)
T
L

\

() W T PN I P I
975 1980 1985 1990 1935 2000 2003
Year

I4 = Const + vZcorrection, Ié) x ai — ay
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Disformal coupling
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e Disformal coupling




Disformal coupling

Invariances of the system

+b L de(;S2

=—m [dr
)\15 +asm [ dro

Ao = Ny(Aq) = Use dr = /g datda”
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Disformal coupling

Invariances of the system

o MS x?&\

Ao = Ny(Aq) = Use d7 = /gudztda”
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Disformal coupling

Bekenstein disformal coupling (’92)

Are there other ways to couple matter and still preserve causality and

the equivalence principle ?

A. Kuntz (CPT) EFT for GW 05/2019



Disformal coupling

Bekenstein disformal coupling (’92)

Are there other ways to couple matter and still preserve causality and

the equivalence principle ?

Finsler geometry : disformal coupling

Guv = A(¢)9W + %Q@&,q&
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Disformal coupling

Bekenstein disformal coupling (’92)

Are there other ways to couple matter and still preserve causality and

the equivalence principle ?

Finsler geometry : disformal coupling

Guv = A(¢)9W + %Q@&,q&

/d;D/dT@f)Q
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Disformal coupling

The disformal energy

Figure: Disformal conservative diagram
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Disformal coupling

The disformal energy

Figure: Disformal conservative diagram

G2 d1\?
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Disformal coupling

The disformal dissipated power

Figure: Disformal dissipative diagram
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Disformal coupling

The disformal dissipated power

Figure: Disformal dissipative diagram

Disformal monopole :
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Disformal coupling

Circular orbits

f:Odeis:Idis:()!




Disformal coupling

Circular orbits

f:Odeis:Idis:()!
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Conclusions
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e Conclusions




Conclusions

Conclusions

e Binary systems : ideal probe of strong-field GR
e Effective theory point of view : operators allowed by symmetries

e Disformal couplings : no effect on circular orbits
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