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MOTIVATION: l y ro r i tMgerLvents
ooo ligolvirgollise: Gravitational w a v e "spectroscopy"

⇒ Need for preifountemplates
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ooo Perturbative SIMULATIONS

Post-flinkowskian (PM)expansion Gz§ " M '
Boo.

u . e u # a r- re la t i ve
separation

Post-Newtonian (PH) expansionBho

" i µ G ~ ✓
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speed



me5 ¥gravitational
battery '£E⇐7¥

ooo Dhab i c a n b e l ea rned from B H scattering? E .g.
Boo Effecti@ftElVefffc.Cheung.I. Rothstein, M .Solon-1808.02489]

va l i d for bound a unbound problem!
oooo. De t a n g l e ⇒ Precession angle

ANALYT I C§DPx c o n t i n u a t i o n [g.Keihin.R-Porto-1%0%3%8,
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ooo scattering Amplitudes probe t h e ①M regime:
cruel i t = t o t t , + A s t -13 t . . .

tece e loop 2 loops 3 loops'÷¥a÷i:
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ooo 3PM effective potential and deflection angle

derived from amplitude techniques

I t , →
Veff
"

" ' → Xypµ [2 .Bern, C-Cheung,R-Roiban, c.-H.Shen,
M .Solon, M . Leng-1901.04424

1908.07493]

Bio 713pm ( E , b , memes): high-energy l i m i tEssuee.ue@ypC.0.M.
impact

energy parameter
Xzpm~43logfmt.lu#log-
enhanced

ooo
XAzp%(E,b) MAYS : xf%µ~(GEµ n o log!?
(shockwave scattering)

UN I V E R S A L : GR,AEG#'Amati, M .Ciafaloni, G-Veneziano-pg go]
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Boo E I KO N A L E X PON ENT I AT I ON s t i l t -e 's

Boo. E I K O N A L P H A S E → D E F L E C T I O N A NG L E X

ooo 3P tD e fe r i o e t g l e
Boo X3pµ I N MASSIVE f - 8 SUGRA

Boo F R O M f - 8 T O GENERAL R E L AT I V I T Y
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Compton
wavelength I ↳ impact
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oooo. F r om g -space...
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A d p l i t s p a c e
ooo Lengeange t e rm s i n t h e Ib-expansion of Ats,b)

⇐ m b y t e t e rm s i n t h e f - expansion of AG ,g):
ooo Scheinetically: X = ¥ , R = G-Mlb2%5=4-2

E
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l i m i t regimeoooo. AIG,b)= c o(RI)
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:

cc,n - e§ r e 5%2%1=11,7

(relative velocityj e t



Eiponent iat ion
quantum remainder

(classical) e i k e n
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ooo For "small G":
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oooo it,G.b)=
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TD.Rabat,M .Ortiz-9203082; ¥ $ #
R . AKhoury,R .Serotonin,G.Sterman-1308.5204;
N .Bjerrum-Bohr,P H .Daugaard,G.Festuccie,L .Plante, P .Vanhove-1806.04920]



E i d e f e t y f
o o Stationary phase approximation: after exponentiation

tea,-fe-iboitsisdTE.IQ?
I5R&n#aqgIf/Qln-2lpT

sin'S#pit(X-¥3)
ooo 8 = 8 , + 8, t 82 t . . .

⇒ X i a n - FEIg o . ~ GeniusBEI

= , yep,-G¥¥¥2 ~ 4¥1228,-Gmina GCj¥I¥

282-Gmina§¥[µ..-Itidy...)) ⇒ X 3 p m - ¥73212 -(6¥13

I R finite/ /r e a l part
' R divergent ,§µimaginary port sca le a s

due t o I EEE log(¥2)
(S-Weinberg-1965) for S s >me,z ?



p , # 4Evaluatiouoftheboopfutegrols ,¥¥¥:p,
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× cefi.ee#ope=pi-qkpa=pIt9/2-
ps=pI-q/z

• t h a n : q2→o, i n Pa-F,-1912

T I E ' c . (gr i t c .Copy't... i r r e l e v a n t fort h e long
range behav io r of 8 Gib)

• S i u : of→ o , l e i l a n
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Seftustidhegion
⇐ t h e soft region further splits in to two regions i f

w e i u t h e n e a r s t a t i c l i m i t

= >SMALL-VELOCltyexpausionvox-
k.at?oteutielRegiow-:q-so,leaf, leaf-04g)

* off-shell intermediate eI,lIn0µ
gravitons

* contributes t o t h e Veff of B C R s s z

↳ RediationRegion: f - s o , l e i l a n i
* c o n t a i n s o n - s h e l l gravitons
* n o t included i n the Veff of B C R s s z
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Exponentiation wo r ks ! # I t # I T
3 1 9 4 6 µmo l :

Reba=-¥¥¥4cost't①-¥¥,z]te6m%m§zG§§
A l s o appearing i n t h e t

N ew t e r m s appearingpotential region i n t h e full soft region
I I .Parra-Martinez, M.Ruf, M-day IP.D iVecchia, CH ,R .Russo,G.Venez iano-2104.03256] - 2 0 0 8 . 12743]
112 finite, E h a s been s e n t t o a e r o .

ooo 3 P M # µ a n g l e : (BYPASSING
VelffPM'!)
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bowardsGR-o.is
Radiat ion-React ion (RR) effects c a n be added t o t h e
c o n s e r v a t i v e r e s u l t :

15¥16 → n o loan.) → agreement w i t h A C V9 0

I T.D a m o u r - 2 0 1 0 . 01641]

o.is Amplitude approach? I n t h e ful l A - 8 r e s u l t :

R e 281? 63¥42 ¥9, (02+421) cosh-'cri]I F

i I m %=-¥EG3¥2¥¥. ftp.#coshIrJf-ebgGzejf
+ other@(E) t e r m s (PDV,CH,RR,,GV-2101.05772, 2104.03256]
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R e d i a t i o n r e e c t i o n i n i f s a n d c

ooGmb, from UN ITAR I TY2 :

\€EE¥#ee[fdtutfftre.DE/%28m28z=f/
tfsf#Idz3nIjIIe

oooo Weinberg soft l i m i t Flugum ' I I tapes,b.K)-1¥, f lab,')
→ -¥µ§ ] for r e , IPDV.CH,RR,GV-2101.05772]

oooF u l l Ifs,b .k ) → ¥eµ-EhgGZµ [PDV,CH,RR,Gr-2104.03256]

ooo (Redd
R R

from ANALYT IC I TYN :

i - i Gmfilogfer?'-io)]→ Reffhgff-H.io/)=tLD



Rediationreectionlrdivergencesanderitties
ResourthehurofitcGuzo ⇒ XIR {¥1 I

ooo B h e 112-divergent part of 28, c a n be a l so obtained
from t h e E X P O N E N T I A T I O N of LR divergences i n q-Spece

Ag=#Is. Weinberg ⇒
✓ R e 282 finite [ca

-1965]
T
R-finite

✓ Gm282 d i r .port obtained -205.04594]

from t e a - l e v e l a

s-loop
ooo types,b,w e ) I I (up t o e factor) t h e wave fo rm !

[g.v . Jakobsen, g.Mogall,f . Plefke, f . Steinhoff-2101.12688;
L . Mougiekekos, M . Rive, S . Verniezi-202.08339]

[PDV, C H , R R , G U - 2104.03256, i n progress]



C o n c l u s i o n s

• E i k ow e l exponentiation for M ¥ G R A v
• Deflection angle X from Ress:
⇐ sm o o t h @ high-energy & agrees w i t h A c v ,

& R A D I AT I O N - R E A C T I O N E F F E C T S

⇐ t h e l a t t e r a r e captured by 061 t e rm s i n 8ms,
i n N=8andG l #

Y k : • Rea l rad i a t i on i n the e i kona l (operator)
• comparison w / EOB , effective field theory,

d i re c t eva l u a t i o n of LOTS
• 064) R R a n d tone effect.


