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This gravitationally - dressed Green 's function has a world line path integral form
[dewitt , Behenstein, Parker ]
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From the S -matrix to the worldline
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Insert into a time - ordered CorreLaton :
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Neglect virtual scalar loops using classical torso limit .



LSZ Reduction
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To analyze S -matrices switch to momentum space .

Insert a plane - wave basis :
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surprisingly compact form factor describing n-graviton emission :
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Now we compare this with the world line .



Worldline Quantum FieldTheory CWQFT)
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Use a path - integral representation of the WQFT :
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MAIN RESULT
mmmm

( b,V ) = 8(g. v ) e' 9.
b
Fcp, p

' ) q= [eke =
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emitted along world line

But only if we identify slog = lolz , Putz = Thru



Theeikonalphaseoef.me
the exponentialedeihonal phase X in the classical torso limit :
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The free energy ZWQFT is
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Eikonal phase given by sumof tree- Level vacuum diagrams
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WQFT-feynmaiespromotez.TK) to a propagating degree offreedom :
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Feynman rules from bulk action are standard; on the world line x Zulu)
only energy w is conserved
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Vertices couple linearly to him (h) ; known n- point expression :
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Worldlinepropagator
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Pay attention to the IE prescription : f 2M
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Different signs give retardedladvanced propagators :
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2PM Eikonal
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Leading order described by a single diagram :
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Sub- Leading OCGZ) requires four diagrams :
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Final integrated result
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e.g . [Bjerrum - Bohr,Oamgaard ,Festuca ia, Plante,Vanhove]
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Although all diagrams are tree level , we see
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loop integrals
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arising due
to lack of momentum conservation at Worldline vertices
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Deflections
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sp? = - m , at (Ziya)>woe, (o=o ) Impulse given by graphs with
a single outgoing line .
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Diagrams closely related to the eikonal :
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Conclusions
#

• We've identified a link between QFT scattering amplitudes and observables
in the WQFT

.

• WQFT path integrals include ZYCT ; ) and hav Cx) . Feynman rules on the
world line conserve only energy , so allow

"

Loop integrals
" from tree- level -

• Besides physical insight ,WQFT offers an efficient path to PM integrands .

• clear interpretation of the eikonal phase :
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• We've also obtained 2PM 2-body 13PM 3-body radiation KK hukk)) neo
,

former described by S- point amplitude c.f . [Luna, Nicholson, o
'

Connell
,
white]

• Next steps :

mum

- push eikonal X, impulse Spin to 3PM 14PM
.

- incorporate spin , radiation , finite - size effects .



Thanks for listening !



Amplitudes - based PM methods-
Use scalars as QFT avatars of non -spinning black holes : guv Cx )
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Toget physical observables (deflection, scattering angle , etc) different methods :

• EFT matching → [Cheung , Rothstein, Solon ]
• Lippmann - Schwinger eq 's → [Bjerrum - Bohr

,
CristoffLi

, Damgaard , Vanhove]
• Ei Kona L phase (N -

-8) → [di Vecchia, Heisenberg, Russo, Venez i no ]
" → [Parra- Martinez , Ruth , Zeng ]

• Operator expectation values→ [KoSower, Maybee, o'Connell ,Vines]

3PMresuLtsu : [ Bern
, Cheung , Roi ban, Sawyer, Shen, Solon ]

agreement with [Koil in, Porto ] PM world line EFT .


