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Gravitational wave experiments — high precision

The two-body problem and scattering amplitudes

The KMOC approach: observables from on-shell amplitudes

@ Classical wave physics from coherent states

Time dependent observables: waveform templates
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o Gravitational waves carry fingerprints of a binary motion

1 81 Gy . o
Ry = sgwR=="7"Tw , X = —Ih x5

. no exact solution is known!

@ The Effective One Body approach (Buonanno, Damour)
provides an accurate solution
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QCD meets gravity

@ Scattering amplitudes: LHC (v'), LIGO/Virgo (!)
@ High precision computations: 3PM, spin, tidal effects

@ Several approaches: amplitudes — observables
(See talks by Heissenberg, Veneziano and Luna)
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The KMOC approach

@ Binary system as superposition of single particle states

) = / 4o (p1) o (p2) 61 (p1) b2 (p2) €7 p1p2)

o Classical limit <> Goldilocks relations
le < by < Ls
@ Classical observables from on-shell amplitudes

Apt,  As?, RM
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The KMOC approach

@ Binary system as superposition of single particle states

) = [ 4 (p2) d® (p2) 61 (pr) 2 (p2) € )
o Classical limit <+ Goldilocks relations
be <ty < Us
@ Classical observables from on-shell amplitudes

Ap", Ast, R*, W(t)

?
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Coherent states

@ Classical waves are naturally described by coherent states

a7) = Ny exp [ / dq>(k)a(k)agm(k)] 10)

@ Nice factorization properties in the classical limit

(a7 [AP()A”(y) la7) = {a” [A"(x)[a7) (a” [A"(y)] @™ )+ ...

@ Classical limit equivalent to a large occupation number

do(k)|a(k))?, k" =hk* — (Ny)>1
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Thomson scattering

Classical interaction between a beam of light and a charge

Incident Light '/'J‘/*ij/’
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Thomson scattering

Classical interaction between a beam of light and a charge

7

Incident Light

A~~~ Scattered
NN .

Compton scattering

Quantum interaction between a photon and an electron
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@ The electromagnetic field is an observable

o Initial state includes a coherent state

) = / do (p) 6 (p) €** |p.a™)

@ Classical value of the scattered wave

(F*) = (¢ STF™S |v)
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@ Thomson scattering at leading order in T

(F*) = 2Re { /dcb(k, p1, p2) ™ (Pr=P2)

x [k, a”la_y(k) Tlpra™)e ™~

“M“5+WNP2a_PLH(kyTW1a+ﬂem“}

o Coherent states — sum of n-point amplitudes

@) =Y o [ TLdots)atk)al, (k) 0
=07 j=0
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Thomson meets Compton

Ff\‘yz/d¢(pl,pz,k,q) e (Prpa) (]
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+ a*(q)(pa q—|(T*)|p1 ke k]
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Thomson meets Compton

Fﬁyz/d¢(pl,pz,k,q) e (Prpa) (]

[a(q)(p2 k™| T|p1g™)e >*

+ a*(a)(p2 q—|(T*)|p1 kt)e ]

Fg' =— /dd’(k,pl,pi,ql,qi)a(ql)a*(qi) e (Pr=p1)
x [ (k) Kol 7| T py g )™

+ a(k) ke 1 g | T pry g e
)

One massless particle as initial state — Disagreement
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e Waveforms generated by a scattering process

[¢) = S|)

@ LO contribution related to a 5-point function

(FH) = i/dq’(Pl,Pz,Pi,Pé,k) e (p1=p1)
x [kl e=ikx (5 ph KD Tpy po)
— Kt e (5t b T|py po k)]
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@ Newman-Penrose scalar related to a waveform

W (t, i)

() = o2~
x|

e Differential analogue of the total power emitted
(see talks by Ruf and Martinez)

RH=)" / d®(k)d®(r,)d®(ry) K
¢1(p1)

X /dq)(l)l)d@(pz) eori/h 5(4)(])1 +p—ri—re—k—rx)

b2 (Pz)

KMOC, 1811.10950
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Conclusions

Classical observables — on-shell amplitudes

Classical waves <+ coherent states

Thomson scattering — Compton scattering

Time dependent observables: waveforms
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Conclusions

Classical observables — on-shell amplitudes

Classical waves <+ coherent states

Thomson scattering — Compton scattering

Time dependent observables: waveforms

Main message

New observables expressed using on-shell amplitudes
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