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Separation of Scales

Full theory:

Effective world
line description

Two-body dynamics:
NRGR

Radiation
Adapted from 2206.14249

During the inspiral we

have a clear separation

of scales!

2Originally presented by Goldberger and Rothstein in 2004 (hep-th/0409156) 



Constructing the EFT

In pure GR the point particle action is

Proper time

Total mass

Ricci scalar Ricci tensor four-velocity

Finite-size effects are encoded in higher order operators
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Expanding the PP Action

Using

and

We can expand the pp action:
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Metric perturbation

Velocity



Expanding the Einstein-Hilbert Action

Likewise we obtain

Propagator:
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From Einstein to Newton
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Adding a Scalar
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Full theory:

Effective world
line description

Two-body dynamics:
NRGR

Radiation
Adapted from 2206.14249

Example: R² Gravity



Scalar Corrections to the Newtonian Potential
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Higher-order diagrams
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Powerloss
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Only one object carries a scalar chargeBoth objects carry a scalar charge



Constraints from GW170817
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Conclusion
• Effective field theory provides a systematic and 

elegant way to calculate PN corrections!

• Easy to extent to beyond GR scenarios!
• Can Investigate generic scalar-tensor theories 

such as
• f(R) gravity
• Axion models

Outlook
• Get constraints on the 

deviations to GR from 
LIGO/Virgo/KAGRA data

• Push to higher PN orders Thank you!



Powerloss
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Lagrangian
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Phase
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