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EFT approach for 2-body problem

» Fourier transform non-relativistic
scattering amplitude to get
long-range potential
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» Higher order corrections O(G")
lead to PN expansion for GR
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EFT approach for 2-body problem

We need loop diagrams = Extract classical piece (F. Cachazo
and A.G., A. Ross and B. Holstein, see also Rothstein’s Talk)
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1-loop Scattering
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Figure 2: One loop diagrams of gravitational scattering.

B. Holstein and A. Ross (0802.0716)
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HCL: Kinematics
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» Compute the classical piece of M(t,s)

» Extract multipole terms by tracking at t =0 i.e.

K-S
£ S Ky (PL)u(Ps)y = =5/ (s = m3 — m2)* — 4mZm}

» Pi- K =+K? =+t — 0 requires complexified momenta

» The expressions are fully relativistic — PM Framework
(Damour, Vines, Buonanno)

Covariant Non-relativistic
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Massive Particles with Arbitrary Spin S

The little group for massive particles is SU(2). A representation for
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3pt Amplitudes

(=h) _ o\h Eh Ehéq s
A = a(mx) _<X) —>(X) (551”'5525
K|P v
where mx:%and As: V@@ V§ —C.



3pt Amplitudes

(=h) _ Nk (M h m h G s
A = a(mx) _<X) —>(X) 651”'5525
where mx:%and As : \_/f®V35—>(C. i.e.

m+(—=h)—n _ (=h) — mp h
A (nlAS | m) =a (Z2)" (nlm).

<n|m> :(_1)m5m+n,25



3pt Amplitudes

(=h) _ Nk (M h m h G s
A = a(mx) _<X) —>(X) 651”'5525
where mx:%and As : \_/f®V35—>(C. i.e.

m+(—=h)—n _ (=h) _ mp h
A (n|AC")|m) a<X> (n|m),
(nfm) =(=1)"0mn2s

Also

A(S+h) _ a(mx)h <1 B Nw)@% |

m

:a(mx)h 1—25’/\][)"4-(25) M+

m 2 m2
—— NS

Suk# el eV KK,



Tree Level Classical Piece

In the standard approach computations need to be redone for each
spin using different formalisms, i.e.



Tree Level Classical Piece

In the standard approach computations need to be redone for each
spin using different formalisms, i.e.

5.=05=1

87G
IMO(g) = —— TG
@ V2E2E2EE,
X[ v o (s —m2 —md + 1) — 2mimd + miq? — 1gt
g

7

2(s —m? —m} + 1%
“(& el m-dopdg) X o 27)
— (g i+ e e -q)

ol g™ ol .
7L qq2+ € &P



Tree Level Classical Piece

In the standard approach computations need to be redone for each
spin using different formalisms, i.e.
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1-loop Leading Singularity (LS)
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1PN correction requires e

contribution (also classical
correction in EM)

» Is it possible to use only on-shell
diagrams?

» Leading Singularity: Triangle
triple-cut + residue at S

» Captures the double discontinuity

1—loop Gm
of M X

» HCL: Drop higher orders in t +
simplify the computation
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LS: Arbitrary Spins
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Include spin forms:
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Can be matched in the HCL to standard EFT operators, leading to
the classical piece of Holstein's in the COM frame!
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Future Directions

» Higher loop corrections using LS
(A.G. and Cachazo)

> Massless limit Rightarrow Bending
of light (Bjerrum-Bohr et al., A.G.)

» Probe limit Rightarrow Classical
Spacetimes (Rothstein et al.,
Vaidya, Vines)

» Radiative corrections (Goldberger
et al., Porto, Rothstein)
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