
 

Co iskobfoWpahneffecb

gmamicsbasedoni.EH
JParraMark

fez
MRufMZeng

arXio 2101 0725
2104.03957

KosowerMaybeeOConnellEkMOC arXiv 1811.10950

basicidea Odevice classical gravitational observables

from quantum scattering amplitudes
fixed order in G all orders in o

exploit on shell simplification t
mature collider physics tools

discuss 2 body dynamicsforhyperbolicorbits

2 hey observables a gravitationalimpulse X
2 radiated momentum Enad

KMA observables look like cross sections
simple inclusive observables s few kinematicscales



eOutline
mum

IH 1 ReviewofKMOC relation toscatteringamplitudes

gravitational impulse

radiativemomentum

EH 2 Integrandsfrom generalized unitarily

YR 3 reverse unitarily

UR 4 cuttingrules phase spaceintegrals

413 5 assemblyofobservables results

NB todayfocus on spnilessblackholes



1 ReviewofKMOC relation toscatteringampatndesk
murmur

M i p R details seealso

tbh mm ifeng.tgghon.by
kosower

I
On Nl

Nz P2

scattering of wavepackets separatedby impactparameterlbf

presenceofgravitational interactionshas2kgeffects

deflectionof trajectories c momentumshift

innpubs spit sinE Iff
gravitationalBremsstrahlungexsRH off FpIp

CM frame



observables quantumoperators 3L
DO _South out Sint lui

p
asymptoticIhre asymptotic past

keyfeature lout 851in th it lui

scattering amplitudes

DO ifinl QTTluittfmTTto.TT in

1 l
Einhalmahixelements zeal contributions

Hefter.la nqp qp
eiEbgpiiifjlsermtim

go.gg a.g
momentum

phasespaceintyrd wave functions eigenstates



subtle classicallimit IseekMoc arxiv1811.109503 µ
D0 iJdq ftp.qhikpiq

eiotb IoptIo
transverseFourier transform KMOC kernels

g ptpµ p p
ITEoon Cps.pe I0iTIlppD goLp p

p Pak p
K

Iof ilps.PH l0iTIlpiR7 iEfdoI
IM a

Bh
p't pexchangedmessengers

onshellphase spaceintegral lookslikecrosssection
kindusive measurementfol depends onobservable

expandamplitudes in smallcoupling G

ok counting massiumomenta pin l

II.it L listen's i
classicalexpansion 2 small q expansion



titfravitationalimpulism

observable momentumshift on particle i duringscatteringeven

Dp int Stp Slim Lini 1in

i

Pc life Pi ofPs
r M

p at p'T
a

i zfdei.net
tfa

h 7

J

hpi Ri p go

virtualimpulsekernel

yal
impulsekernel

measurementfunction oP



Pakatan 6L
LO only virtual

tree amplitude
Pr

n Pa9

Itp 99
it

pPar f pig r A n
NLo tip q ifdEee e

P.gg
Pit4

hasoinnayinaypavb cancels iterations

osuperdassicalconhibutions andimaginaryparts

i

NNLO Iii gtY ifdoI.eeµ ft ofetp Ip
UB full2loop

i

amplitudeis i

buildingblock't ifdoI.lt ee.Of
104.039571

cancellationofsuperdassicalternsand
imaginary parts more nontrivial

arthrigmlesfanitarily simplifiedformulaeforkernels

fae MR



E
decomposeimpulse intotransverseand longitudinalcomp

It It oft In K t Inuit

iii YETI yin Yakut
5 I

WI e Pim10ft UI I U 42 44 6 0194 Ui if S j

simplifiedKMOCkernels

NLO

NNLO

GR result



1.2 Radiated momentum L8

www.momenhmcamidbiisfisihgbgGW

DRE in 1st Slim Lini
nograviton ininitialstate

II i deux e
p

atleast I graviton exchanged

momentum measuredongravitonline

LO starts Cf ftp.i iioi.oYihjEiMRnfiMi2mg

Iii a face en



L Integrandsfromgeneralizedanitarity 949

keyingredients in KMOC seealsotalkby
virtual scattering amplitudes

R.Roiban

unitarilycutsofamplitudes
BemDixonDunbarKosower

can deriveamplitudesby generalizedunitarily

matchresiduesof an ansateofdiagrams
against field theory ads t.TN ee

L I

linear systemof eyes for air



to do o evaluatethe integrals
assemble results

checks analysis

Questions

Michael


