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Separation of Scales
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Constructing the EFT

In pure GR the point particle action is

Sop = —M f dr - proper tme
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Finite-size effects are encoded in higher order operators
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Expanding the PP Action

Using
dr = \/v“v”g,w dt and Buv = Nuv T hm/
We can expand the pp action: Metric perturbation
Velocity
1
0) _
SO = M/dt(l——v ) —
5(1)_——/6“ hoo + 2hoiv' + h; vvJ+h—v +h0-v"v2+ﬂv"va2+§hoov4 m—
PP 2Mp| 00 i if 5 I 5 ) ,
] -
SI%) - 8M2 /dt(hoo + 4h00h0,V + 4(h0; ) + 2hOOh:,r\" v+ 2h00\l + 4h0,hjk\l Wk 6h00h0,\l v?
p!

e T A

N | 15
- (hijV'VJ)2 + 6 (hOfV')z v? + 3hoohjjv' v v + §h§0v4> |



Expanding the Einstein-Hilbert Action

Likewise we obtain
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From Einstein to Newton

Seff = 2 —+ H§ +
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Adding a Scalar
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Scalar Corrections to the Newtonian Potential

Seff = 2X + H§ + d» 4+ . e

— dk4 —jeikx=
= | — dt dt
( p) q1q2/ 1/ 2/ \k|2—|—m
— 1 GNChqz _
— dt—e ™" =8/ [ dt msr
(31) e [ are / !

My 5 My, GuMiMo G
:\seff:/dr<71v§+—lv§+ 18 ’V"1q2e—msf+...)

2 r r

GM
= w? = — [1—|—8
r

q14q>2
M M,

(L+ msr)e™ ™" + .. ]



Higher-order diagrams
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Powerloss

Both objects carry a scalar charge

Only one object carries a scalar charge
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Constraints from GW170817

S “#1.,  Conclusion
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» Effective field theory provides a systematic and
78 elegant way to calculate PN corrections!
* Easy to extent to beyond GR scenarios!

e Can Investigate generic scalar-tensor theories
such as

* f(R) gravity
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Outlook

* Get constraints on the
deviations to GR from
LIGO/Virgo/KAGRA data

w0 * Push to higher PN orders Thank you!
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Powerloss
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Lagrangian
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Phase
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