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from Amplitudes and EFT
S2

QCD Meets Gravity VI



• Review of Spin Hamiltonians (based on 2005.03071 w/Bern, 
Roiban, Shen, Zeng)


•  Hamiltonian (based on 2012.xxxxx w/Kosmopoulos+)S2
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Outline



(a briefest) Introduction



(a not very needed) Motivation

An era of gravitational waves…

The talks related with 
classical gravity



Review of Spin Hamiltonians



SEFT

H(r2, p2)



We consider a Lagrangian of rank-s tensor fields, minimally coupled to gravity

Symmetric traceless tensor field
Covariant derivative Lorentz Generator

Spin vector/tensor

The spin tensor is obtained from the classical limit 



Deduce Feynman rules from Lagrangian, and compute 
Compton amplitude via 4 Feynman diagrams



Sew Compton (and 3-point) amplitudes into unitarity (3- and 4-particle) cuts

The amplitudes satisfy Generalized Ward Identities…

…so we sew using de Donder



Use generalized unitarity (Forde’s method) to obtain box and triangle coefficients



SEFT

Cheung, Rothstein and Solon’s EFT of non-relativistic fields… 

…generalized to describe spinning fields. The potential…

…considers long range 
interactions…

…and is organized by 
classical spin operators



SEFT

Deduce Feynman rules from the effective theory action…



SEFT

…and use them to compute the amplitude



SEFT



H(r2, p2)

From full theory Iteration pieces

Determine coefficients in the Hamiltonian from Matching



H(r2, p2)

Use the Hamiltonian to 
determine physical 
observables

Write equations of motion…

…and solve perturbatively



SEFT

H(r2, p2)

Cut the middleman!



Physical observables (directly) from Amplitudes

Boundary2Bound (Kalin, Liu, Porto), 

KMOC (+Vines, Cristofoli), 

Eikonal (ACV, DiVecchia, Heissenberg, Russo, Bjerrum-Bohr, Damgaard, Cristofoli, 
Bern, Parra-Martinez, Ruf, Zeng, GOV, …)

Several other contributors (some of them in the audience(?) I apologize in advance…) 

Talks by: Dónal, Ben, Gabriele, Julio, Carlo, Rafael, Andrea, Gregor, Jung-Wook



Eikonal phase-like object. Fourier 
transform to impact parameter space of 
the (triangle part) of the amplitude.



Iteration-like pieces



A conjecture for an all-orders generalization of the formula
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w/ D Kosmopoulos (UCLA)



An effective Lagrangian encoding higher order spin interactions (Porto, Rothstein; 
Levi, Steinhoff). To tree-level, reproduce Kerr. What about loops?

Look at the first term



From this Lagrangian, we can deduce Feynman rules…



…and compute the Compton amplitude. For the non-minimally coupled:



Unlike the minimal coupling, there is no GWI and the sum over states 
results in a projector with light cone terms.  

I pick convenient reference vectors to perform the sewing  





SEFT



SEFT

Use Feynman rules (and IBP) to compute the amplitude



SEFT

H(r2, p2)



Check: NNLO Hamiltonian

To compare with (overlapping parts of) 
them, we may compute Amplitudes from the 
Hamiltonian using EFT. 

 Hamiltonian is known up to NNLO in PN 
(Levi-Steinhoff ’16, from EFTofPNG).

S2



Checks: Test body Hamiltonian

 Hamiltonians is known to all 
orders in PN, in a test-body limit 
(Hinderer, Steinhoff, Vines ’16).

To compare with (overlapping 
parts of) it, we may 

compute Amplitudes using EFT. 

S2

…stay tuned for 2012.xxxxx



Moving forward…

…amplitudes become increasingly cumbersome.


We need a better way to compute them:

Massive spinor helicity?

Geodesic equations? 


How much can we exploit them if we aim to keep 
the Wilson coefficients , etc. arbitrary.


Could double copy help?

CES2



Note added: Rafael’s results



• We’ve developed a formalism to compute spin Hamiltonians 
from scattering amplitudes and Effective field theory 


• We obtain an Eikonal-like formula. Need to prove/test it


• We computed  amplitude, Hamiltonian


• Explore relations, cross-checks with Porto+’s PM-EFT


• Outlook: More spin ( , comparisons with Levi(?) and GOV), 
more loops (2-loops seems within reach), double copy (QED? 
YM?)

S2
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S3

Summary and Outlook



Thank you!



QED meets Gravity
w/ T Scheopner (UCLA)



An effective action of higher spin fields coupled to photons

Its three-point interaction double copies to that of the gravitationally coupled 
spinning particle.

It also reproduces …

What is the relation to the effective action in Ben and Donal’s talks… 

Kerr



What about Compton?

For minimal coupling, we know the double copy (KLT-like) relation

Where the amplitude comes from the Lagrangian 

How do I need to adjust for the non-minimal coupling?…


