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Conventional PN calculations :

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

Invariances of the system

o *

o z# — 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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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 —
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Building up the action

‘Quantum’ gravity

Integrate out fluctuating fields :

eiSelxi 010 = [ Dlp | D]g]erSx (0 o)

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) - TGO

and

T d’T
3Sep) = 5 [ dEd e DR
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Building up the

In practice

@ Feynman expansion
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Building up the action

In practice

@ Feynman expansion

@ No loops ! % ~ 10776 where L = mrv
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Building up the action

In pratice
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Building up the

Power-counting rules

Small expansion parameter

Vertex
Expression
Weight
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Power-counting rules

Small expansion parameter

W0
—
' h
Vertex |
Expression 2 [ dthoo
Weight v

A. Kuntz (CPT) 31/01/2019



Building up the ac

Power-counting rules

Small expansion parameter

WY v?
— > ————
' h ' h
Vertex w |
Expression 2 [ dthoo 2 [ dthiv'v?
Weight v v?

A. Kuntz (CPT) 31/01/2019



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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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
e R
h T
’UO UO
(a) (b)

Figure: Feynman diagrams contributing to the Newtonian potential

1 1 GNm1m2 2
Lo = —mv? + =mav2 + —————= (1 +2a
T M T ) e
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Conservative dynamics

0| (or Newtonian) Lagrangian

’UO 'UO
B T e S
h r
’UO UO
(a) (b)

Figure: Feynman diagrams contributing to the Newtonian potential

1 1 GNm1m2 2
Ly = =mvi + ~mavi + — (14 2a
VR T TR g () — X2(t)|( )
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Conservative dynamics

2

v (or EIH) Lagrangian

UO v

Figure: Some Feynman diagrams contributing to the v? Lagrangian
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Conservative dynamics
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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 G*myma(my + my)

(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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Figure: Diagrams contributing to the mass renormalization.

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

Renormalization of the mass

Figure: Diagrams contributing to the mass renormalization.

_mbare/dt — _(mbare+E(A))/dt

i

E(A _ Gfd?) dSyP()()

[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 /dtd) — 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?)

L Gap=Glitupoq-3) <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

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+

Cumulative period shift (s)
|
T
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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 (1) + )

Cumulative period shift (s)
T
L
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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 (1) + )

Cumulative period shift (s)
T

\

() 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

Conformal tranformation

am [ dr¢ and bmﬁ% [ dr$* can be seen as
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Disformal coupling

Conformal tranformation

am [ dr¢ and bmﬁ% [ dr$* can be seen as

;»m/d%zm/dn/z
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Disformal coupling

Disformal operator...

Other operator allowed :

AP
m/dr@u;
-
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Disformal coupling

Disformal operator...

Other operator allowed :

dzH do
m/dr@uqde —m/deT

is a total derivative !
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Disformal coupling

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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Disformal coupling

...from disformal transformation

Disformal coupling

Juv = A(¢)9MV + M%mpauﬁbauﬁﬁ
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Disformal coupling

...from disformal transformation

Disformal coupling

Juv = A(¢)9MV + M%mpauﬁbauﬁﬁ

1 dzh\ 2
-2 _ 59
= d7° =dr <A+ Y"Qm% (8u¢ I > )
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Disformal coupling

The disformal energy and dissipated power

Disformal Lagrangian (conservative dynamics) :

G3 d 1\’
b = a2 SIS (1) =
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Disformal coupling

The disformal energy and dissipated power

Disformal Lagrangian (conservative dynamics) :

G3 d 1\’
b = a2 SIS (1) =

Disformal monopole (dissipative dynamics) :
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Disformal coupling

The disformal energy and dissipated power

Disformal Lagrangian (conservative dynamics) :

G3 d 1\’
b = a2 SIS (1) =

Disformal monopole (dissipative dynamics) :

Gymimg d? 1

T =803 g2 7

Circular orbit : Lgjs = Iq;s = 0!
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Conclusions

Conclusions

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

e Disformal couplings : no effect on circular orbits
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