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GW Catalogue (from LIGO Collaboration ‘18)

● As more precise measurements will take place in LISA, more accurate 
templates will be needed! =>We can use modern methods in QFT! 
(for inspiral phase)
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● Massive body accelerating in a finite interval of time, 
point particle approximation.

Soft Theorem

● At             we can drop Coulomb modes to get

which corresponds to a classical instance of the Soft Factor
 [Weinberg ‘65, Yennie, Frautschi, Suura ‘61]
(see also Strominger et al.)
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● Large-wavelength  behaviour is universal. Independent 
of the acceleration or internal structure (spin)
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● No support for radiation yet
● Still useful as (complex) building block 
● Unique, fixed by little group
● Double Copy of photon vertex...

q



What about corrections in the graviton frequency q? Weinberg also showed that 
they are encoded in a multipole expansion, i.e.

   Soft Expansion = Multipole Expansion     

From Brandeis Lectures (1970)
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Subleading Soft Theorem
Cachazo, Strominger ‘14
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Guevara ‘17; Chung, Huang, Kim, Lee ‘18; Guevara, Ochirov, Vines ‘18 ....

- We can impose double copy relations (GR=YM^2),  e.g. using the QED dipole J to fix GR 
quadrupole J^2  and so on….
Guevara, Bautista ‘19; Johansson, Ochirov ‘19 ...

In both cases we obtain all intrinsic multipoles of the linearized Kerr Black 
Hole encoded in an effective stress-energy tensor in the form of [Vines ‘17, 
Arkani-Hamed, Huang, O’Connell ‘19]

This resembles an infinite soft theorem in the spirit of He, Huang, Wen ‘14; Hamada, 
Shiu ‘18 ; Compère ‘19; ….
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Massless Origin and Minimal Coupling

- Minimal coupling massive amplitudes are defined by imposing smooth massless limit, 
e.g. in the sense of Porrati, Ferrara, Telegdi ‘92

- The massless 3-pt amplitude (fixed by little group) can be 1) rewritten in exponential 
form and 2) reinterpreted as the massive 3-pt amplitudes derived in Arkani-Hamed, 
Huang, Huang ‘17

“compactification”

massless limit

Soft Factor



Massless Origin and Minimal Coupling

- At higher multiplicity (n>3) we can apply the compactification to get the minimal 
coupling amplitudes with one matter line, which is (conjecturally) all we need for the 
classical 2-body problem. A.G., Bautista ‘19

- We also get exponential forms => Exponentiated soft theorems

- However, because massless HS particles are inconsistent at n>3 (Cachazo, Benincasa 
‘07) this leads to unphysical poles for spin>2. A.G., Ochirov, Vines ‘18, Chung, Huang, Kim ‘19….

This is equivalent to state that any physical spin>2, n>3 amplitude will have 1/m 
singularities! 



A.G., F. Cachazo ‘17

A.G., F. Bautista ‘19

Here a and b represent two different compact objects such as spinning Black Holes. See also 
Kosower, Maybee, O’connell  ‘19

Finally, we can use the higher point amplitudes to extract observables in the 2-body 
problem! This includes conservative and non-conservative pieces...



Thank you!



Spin



Choosing the gauge the Compton amplitude 
exponentiates up to s=2 

(from Guevara, Ochirov, Vines ‘18)

● All orders in a
b

 . Agreement up to a
a

3,  all orders in v.

● Can be matched to effective (bounded) Hamiltonian. 
Siemonsen, Vines ‘19



(  )
(  )

The radiation field exponentiates even for scalars! The soft theorem extends to all orders when the 
classical limit is taken. 
It should be possible to derive from this the full multipole expansion of the radiative field at leading order in 
G.

Exponentiated Classical Soft Theorem


