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Tools used for the GR 2-body

Post-Newtonian (PN) approximation (expansion in 1 C; |e vA2/cAr2 and GMW/
(c”2r))

Post-Minkowskian (PM) approximation (expansion in G; ie in GM/(c”*2b))
and its recent Worldline EFT avatars

Multipolar post-Minkowskian (MPM) approximation
theory to the GW emission of binary systems

Matched Asymptotic Expansions useful both for the motion of strongly
self-gravitating bodies, and for the nearzone-wavezone matching

Gravitational Self-Force (SF): expansion in m1/m2, with « first law of
BH mechanics » (LeTiec-Blanchet-Whiting’12,...)

Effective One-Body (EOB) Approach
Numerical Relativity (NR)
Effective Field Theory (EFT)

Quantum scattering amplitude aided by Double-Copy, Generalized
Unitarity,« Feynman-integral Calculus » (IBP, DE, regions, reverse unitarity,...),
Kosower-Maybee-O’Connell

+ Worldline QFT

Tutti Frutti method 3



Post-Newtonian Expansion of the Reduced Gravity Action

[y

2Post-Minkowskian (G”*2, one-loop) has been explicitly computed
(Westpfahl et al. '79,’85; Bel-Damour-Deruelle-Ibanez-Martin’81)
but, at the time, classical PM calculations did not go beyond one-loop

—> Use slow-motion-weak-field PN expansion: in powers of 1/c/2:
1PN= (v/c)"2; 2PN= (v/c)™, etc nPN=(v/c)(2n)

"

_ 1 o _ 1 _
First Post-Newtonian=1PN= G[.0#/€ R24 Gm/(r c72) ] Computed

up to 4PN

2 1 2 1 4
—MAC™ + ZMAVY + 55 MAV, + -
- 2 8c
P includes
twr(z) 1y~ Gymams 3 (w2 4+ wd) — " tail-
1@ =13 e L 5.2 (Va+vB) — 5 5(va-vB) transported
1A;éB 1 nonlocal
—52(maB -va)(nap -vp) + 0 (g) ] : effects
Blanchet-D88
\{2 =) 5 Chmameie o)
2 TABTAC C ct
BAALC ABTAC B _1G2M1(3)(t)

HIgRes (1) =

5 ¢8 ij

+o0
X szrlz/c /

d

oy L t+v),




GRAVITATIONAL WAVE GENERATION: MULTIPOLAR POST-MINKOWSKIAN
FORMALISM (BLANCHET-DAMOUR-IYER)
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Decomposition of space-time in
various overlapping regions:
1. near-zone: r << lambda : PN
2. exterior zone: r >>r_source: MPM
3. far wave-zone: Bondi-type expansion
then matching between the zones

in exterior zone, iterative solution of Einstein’s
vacuum field equations by means of a double
expansion in non-linearity and in multipoles, with
crucial use of analytic continuation (complex B) for
dealing with formal UV divergences at r=0
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The PN-matched MPM formalism has allowed to compute
‘ the GW emission to very high accuracy (Blanchet et al)
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Perturbative computation of GW flux from binary system

* lowest order : Einstein 1918 Peters-Mathews 63
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The Effective One-Body (EOB) approach to the GW

signal emitted by the Merger of two Black Holes
Buonanno-TD’2000

Ringdown (BBH):
« Vibration modes »
of final BH (QNM);
perturbation

inspiral + plunge of BHs a la
—-— merger + ring—down Regge_Whee|er_Zeri”i_
< naive LSO
W r-1L.S0O Teu kOlSky
®,-LSO v=1/4 +Vishveshwara
O E-LSO
P o—-LSO
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Late inspiral, « plunge » and merger:
first estimated by the Effective One-Body method (AB-TD 2000)
later confirmed and improved by using
numerical simulations (Pretorius...2005)
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100
Inspiral:
perturbative
computation
of higher-order
contributions
to E=H and F
(expansion in vA2/c/2
+ tidal polarizability

- of NS)




From EOB vs NR to EOB-NR waveforms

Buonanno-Cook-Pretorius 2007  TD-Nagar-Dorband-
Pollney-Rezzolla 2008
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FIG. 21 (color online). We compare the NR and EOB fre-
quency and Re[_,C;,] waveforms throughout the entire inspi-
ral —-merger—ring-down evolution. The data refers to the d = 16
run.



Effective One-Body (EOB) approach: H + Rad-Reac Force

Historically rooted in QM: Brezin-ltzykson-ZinnJustin’70 . N ~—
eikonal scattering amplitude+ Wheeler’s: Think quantum mechanically’ i + 1+ )(\ -

Real 2-body system
(in the c.o.m. frame)

s

1 loop
G? G*
2 loops 3 loops

Level correspondence

in the semi-classical limit:
Bohr-Sommerfeld ->
identification of
quantized action variables

1
J = th=— d
2m Pedy
N = nh=1.+J

1
Ifr — - 'rd
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An effective particle of mass mu in some eftective metric

@ | geg (X)

mass-shell constraint

0 = gkg (X)P.P, + i + Q(X, P)

P Crucial energy map
S A 2 2 )
- — — — g L (greal) - ml - m2
—ntLl 10 —n+1/ n+1,0+1 eff _ . !

.y . o 12(m;+my)
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New Angle of Attack on Two-Body Dynamics:
Classical and/or Quantum Two-Body Scattering

Gravitational scattering, post-Minkowskian approximation,

TD 2016. 2017: and effective-one-body theory
, High-energy gravitational scattering and the general relativistic

two-body problem

A technique for translating the classical scattering function of two gravitationally interacting bodies into
a corresponding (effective one-body) Hamiltonian description has been recently introduced [Phys. Rev. D
94, 104015 (2016)]. Using this technique, we derive, for the first time, to second-order in Newton’s one-loop
constant (i.e. one classical loop) the Hamiltonian of two point masses having an arbitrary (possibly GA2
relativistic) relative velocity. The resulting (second post-Minkowskian) Hamiltonian is found to have a
tame high-energy structure which we relate both to gravitational self-force studies of large mass-ratio two-loo
binary systems, and to the ultra high-energy quantum scattering results of Amati, Ciafaloni and Veneziano. P
We derive several consequences of our second post-Minkowskian Hamiltonian: (i) the need to use special GN3+GM
phase-space gauges to get a tame high-energy limit; and (ii) predictions about a (rest-mass independent)
linear Regge trajectory behavior of high-angular-momenta, high-energy circular orbits. Ways of testing
these predictions by dedicated numerical simulations are indicated. We finally indicate a way to connect
our classical results to the quantum gravitational scattering amplitude of two particles, and we urge
amplitude experts to use their novel techniques to compute the two-loop scattering amplitude of scalar
masses, from which one could deduce the third post-Minkowskian effective one-body Hamiltonian.

Cheung-Rothstein-Solon 2018
From Scattering Amplitudes to Classical Potentials in the Post-Minkowskian Expansion

We combine tools from effective field theory and generalized unitarity to construct a map between on-
shell scattering amplitudes and the classical potential for interacting spinless particles. For general one-loop
relativity, we obtain analytic expressions for the classical potential of a binary black hole system at second GA2
order in the gravitational constant and all orders in velocity. Our results exactly match all known results up
to fourth post-Newtonian order, and offer a simple check of future higher order calculations. By design,
these methods should extend to higher orders in perturbation theory.



Simple Map: ConservativeScattering angle <-> EOB dynamics

scattering angle, and its expansion in:

1

~X = O(Eq, J;my,my,G)

TD’16-18
Bini-TD-Geralico’20
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Quantum Scattering Amplitudes and 2-body Dynamics

* Quantum Scattering Amplitudes —> Potential
one-graviton exchange :
Corinaldesi '56 ‘71,
Barker-Gupta-Haracz 66,
3/2

Barker-O’Connell 70, Hiida-Okamura72

Nonlinear: Iwasaki 71 [First post-Newtonian approx.],
Okamura-Ohta-Kimura-Hiida 73[2 PN]

Amati-Ciafaloni-Veneziano 1987-2008
Ultra-High-Energy (s >> M_Planck”2)
Four-graviton Scattering at 2 loops

Eikonal phase \delta in D=4 confirmed by

with one- and two-loop corrections DiVecchia+19
using the Regge-Gribov approach

'4
G L 607  2G®s 2
5= 22 <log( 2R> + —= + (1+ — : log(- - )))

ig The “H" diagram that provides the leading correction to the eikonal h 7Tb2 b T

Modern techniques for amplitudes (generalized unitarity; double copy; method of regions;
IBPs; differential egs; Bern, Dixon, Dunbar, Carrasco, Johansson, Cachazo et al., Bjerrum-Bohr et al.,
Cachazo-Guevara,...) can be used (Damour '17CheungRothsteinSolon’18) to improve the

classical 2-body dynamics: need a quantum/classical dictionary.
12



Application to the ACV eikonal scattering phase

(massless or ultra-relativistic scattering)
Amati-Ciafaloni-Veneziano’90+ Ciafaloni-Colferai’14+ Bern et al’”20+ DiVecchia et al’20

getkonal _ ﬁ((SR +i6") + quantum corr.
3
1 cikonal _ 9 _ 1647 valid in the HE limit
2X T j 3 3 | gamma-> infty
Using the chi—> Q dictionary QEE — 1572
this corresponds to the HE limits: 2
HE _ _2
d3 =7

i.e. an HE limit for the EOB
mass-shell condition (TD’18)

O_

ghg (X)PuP, + pi* + Q(X, P)

1
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Translating quantum scattering amplitudes into

classical dynamical information (1)
The domain of validity of the Born-Feynman expansion

M(s, 1) = M(%)(S, t) + M(g—;) (s,8) 4+ ---. MD(s,1) = 167:%2(‘01 Pz_)j - P%P%.
S Gs GE.B _ |
hv ho
while the domain of validity of classical scattering is (Bohr 1948)
Gs GE\E, o1
hv hv

Amati-Ciafaloni-Veneziano faced this issue by assuming eikonalization in b space

A(s,b) = / dujg A(s, ¢°) o—iba ‘ 1+iA(s,b) = (1 + 2iA(s,b)) e2i6(s~bl|\.
2 e classical phase

: AS,.(s,J)
A(8,Q%) [ pay [ 2is(sp) ib-Q 20(s.b) = 7
i 1pE —/d b(e '—1)6 (7) A
i 0Re26(s,b) subtracted radial
total classical momentum transfer: QF = — ObH action of potential

scattering
14



Translating quantum scattering amplitudes into
classical dynamical information (2)

Damour’17: EOB potential Q(R,E) or W(R,E)
Cheung-Rothstein-Solon’18, Bern et al’19

different EFT potential V(R,P”2) and methods for

taking the classical limit at the integrand level,

and extracting the « classical part » of the scattering amplitude

EOB EFT
QF (v, Eerr) = u’q2(Eer) +u’ g3(Eerr) +u’qy’ (Eerr) +O(G”) H(P,X) = y/m}+ P2+ 4/m3 + P2 + V(R,P?)
P2 P2 P2
w(r, Poo) = '““f”’ +wi(27) +wigﬂ TSY) +: - V(R,P?) = G—cl(R )+G2 625%2 )+G3 63%3 ) +.
2 1
non-  —RAWX) = p+ —+ 2+ 5 +O (_4)] Vi)
relativistic oo T r .
potential T(?
ina ! QFT _ OTYUS .EOB _  4EFT
pcattering ! /\/lclassical = f - M
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Scattering Amplitudes and the Conservative Hamiltonian for Binary Systems
at Third Post-Minkowskian Order

Zvi Bemn,' Clifford Cheung,” Radu Roiban,” Chia-Hsien Shen,' Mikhail P. Solon,” and Mao Zeng®
'Mani L. Bhaumik Institute for Theoretical Physics, University of California at Los Angeles, Los Angeles, California 90095, USA
*Walter Burke Institute for Theoretical Physics, California Institute of Technology, Pasadena, California 91125

*Institute for Gravitation and the Cosmos, Pennsylvania State University, University Park, Pennsylvania 16802, USA
*Institute for Theoretical Physics, ETH Ziirich, 8093 Ziirich, Switzerland

® (Received 28 January 2019; published 24 May 2019)

two-loop
level

G/3

We present the amplitude for classical scattering of gravitationally interacting massive scalars at third
post-Minkowskian order. Our approach harnesses powerful tools from the modern amplitudes program
such as generalized unitarity and the double-copy construction, which relates gravity integrands to simpler
gauge-theory expressions. Adapting methods for integration and matching from effective field theory, we
extract the conservative Hamiltonian for compact spinless binaries at third post-Minkowskian order. The

resulting Hamiltonian is in complete agreement with corresponding terms in state-of-the-art expressions at
fourth post-Newtonian order as well as the probe limit at all orders in velocity. We also derive the scattering
angle at third post-Minkowskian order and find agreement with known results.

the eight

2-loop diagrams
contributing

to the O(GA3/rA3)
classical potential

(1) (2) 3)

2 3 2 3
(5) (6) (7)

two-loop level

M; =

3.2m4 1 2
_ 72G’v*m*logq 3 — 6v + 206v0 — 5462 + 108v0>
6y%¢
48(3 + 126% — 40 Jarcsinhy /75
+ 4vo® —

0% -1
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1+ nd+o) ]
+87:3G3v4m6
r'é
—32m?1%(1 — 202)°F,),

3r(1 - 26%)(1 - 502)

(8)

i
arcsinh
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3PM computation (Bern-Cheung-Roiban-Shen-Solon-Zeng’19)

using a combination of techniques: generalized unitarity; BCJ double-copy; 2-loop amplitude of

quasi-classical diagrams; EFT transcription (Cheung-Rothstein-Solon’18);
resummation of PN-expanded integrals for potential-gravitons

ds3

C

X3 — X3 o hQ (7 »
cons ___ 3 (2/7 o 1)(5,7 o 13 ( 1 | 2v ~cons

—=cons

cons SChW 2”\/7 T 1 Ccons( ) GA3 Contrib. tO H_EOB

o 72 — 1 v,V (77 V)
(7) = 57(1472 +25) h(y,v) = g = /14 2v(y—1)

A(v)
B 1140 o [y—1
/72 1 A(v) = arctanh(v) = 5 In T = 2 arcsinh 5 3

+ 2(4v* — 1292 - 3)

puzzling HE limits when compared to ACV and Akcay et al’12

1 cons Y 73 4

—yeons = 21 1 (12— 81In(27)) & + O(GH)

2 j ]3

G5 ~ +-81n(2v)~? instead of q3 Y ~ 4147

confirmations: 5PN (Bini-TD-Geralico’19); 6PN (Blimlein-Maier-Marquard-Schafer’20,

Bini-TD-Geralico’20); 3PM (Cheung-Solon’20, Kalin-Porto'20) 17



Comparison of 3PM Hamiltonian to NR energetics

Antonelli et al. ‘19 orbits to merger
2

251510 54 3 2 1
-0.02F 4 : '
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versus ~0.04f o "~ Hamiltonians
angular ; | ~up to GA3
frequency —0.05¢ g BN
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0.00 T and
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The main current interest of gravitational scattering
results is conceptual, rather than directly practical 18



Conservative and Radiative Aspects of the Dynamics

selected 1PM

by Bern’s
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Conservative vs Radiation-reacted
Classical Gravitational Scattering

N/ -

[\
Radiation-reaction effects enter scattering at G"3/c/5 (Bini-TD*12)
1 .4 8G mim3
E’Yr =t 505 J3
Radiation-reaction effects in scattering play a crucial role at high-energy

(DiVecchia-Heissenberg-Russo-Veneziano’20, TD’21, Hermann-Parra-Martinez-Ruf-Zeng’21,.... )

they resolve the puzzle of the discrepancy between the HE limit of
Amati-Ciafaloni-Veneziano’90(+ Ciafaloni-Colferai’14), and the G”3 result of Bern et al'19,20,,

v? - -




Universality of ultra-relativistic gravitational scattering

from analytiCity/ Cl‘OSSing (DiVecchia—Heissenberg—Russo—Veneziano’20)

ultra-relativistic eikonal phase: §(s,b) = dy(s,b) + Ja(s, b)

Re(267) = L Im(282) - —(V280)2 (L)
logs

n X n

finite
divergent

\_ " ——/ ; “3m 1 (8Gns)’logsI™(1 —e) 1 1

,« ) ,« | ~ ImASP) (s, b) ~ — ——t+ =40

foel o eomseermrneerilly 2 &D)= o 16(;rb2)1-3¢ 2 T2 TO©

S ST
//— —\\ Re(25,) 4G13:J52
P P4 e 2 2

hb?

universality of HE result = ACV, thanks to radiative effects

=+ DiVecchia-Heissenberg-Russo-Veneziano’21: Radiation Reaction from Soft Theorems
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Radiation-Reaction Contribution to the (transverse)
Classical Scattering Angle at GA3 (T 2010.01641)

tot __ . cons rad
‘ X=X X
where, to first order in Rad-Reac, one has (Bini-TD’12)
, O(GA2)

Xrad (E, J) 1 Bxcons Erad 1 3Xcons Jra,d E/ [TD-Deruelle’81]

- 2 aE/q 2. 0J hETzfij(t_ ,0,6)
chi’“co'ns=Ui§;; | ) A3) / \__/_ |
A" OGAg) " tona [ ety tatte

O(GA4) e — DeWitt’71, Thorne’80
o~ Kovacs-Thorne’77, Bel et al’81,
I(’U) _ _];3_6 n 32 n 2(3'033_ 1)A(U) ('v) = arctanh(v) = = Westpfah|’85
SX™(7,,0) = + 1y (29 — 1)2Z(v) + O(GY)
2 h(v,v)j3

333_ 22



Translating quantum scattering amplitudes into
classical dynamical information (3)

Kosower-Maybee-O’Connell’19 formalism for any observable O
AO = (out|O|out) — (in|Q|in)  with lout>= S lin>and S=1+ T

AO = (in|i[O, T]|in) + (in|TT[O, T]|in)

Hermann-Parra-Martinez-Ruf-Zeng’21 making use of: generalized unitarity,
reverse unitarity ( for phase-space integrals), method of regions, integration by parts
canonical differential eqs applied KMOC to O= p_12mu and p_rad“mu

€y — p2 €2 — po

e Yoo | U0 - WO

£ —p £ —m

€2 — p2

i / 4%, 29 }::Z z;—i (6.14)

£ —p 23



momentum transfer (impulse) (Hermann-Parra-Martinez-Ruf-Zeng’21)

G*Mv 2 W . 1
Ap w2 - — | h¥(o, v (1602 - ) 7
Pt = g oty |\ T (

arcsinh "T_l ]

o2 —1

— %ua (1402 + 25) — 8v (404 — 1202 — 3)

Ago?) G3M5v? 3w (20%—-1) (502-1) [ 1 ., 1 vu]
D ons — . Uy ——1u o2 — 1)2(502 —
1,u,cons b[3 2(c2—1) my L mo 2 ffs(cf)=—(2 3((,:)_(33/2 )
fLS( )= 2(202 — 1)2(202 - 3)
3042 arcsinhy /217 SR CEREE
Ap“’m — G *M v 4 b ( ) fLS(a)a resini - (o) = 21005 — 5520° + 3390 — 91203 + 314802 — 33360+1151
Lrad = T3 ) o2 — 10| o2 —1 ‘ 8?1
= £2(0) 3504 + 600° — 15002 + 760 — 5
—1 29} =" 8vo? -1
y o+1 o arcsinhy/ =5= 202 — 3) (350* — 3002 + 11
+7ru§ fl(0)+f2(0) log ( 9 ) +f3(0) o fa(o) = ( )8((02—1)3/2 +1)

radiated 4-momentum .
High-energy puzzle

,  GPmimduf +uh . °
AR! = B o+1 £o) +0G') ‘ 8(7) tl ‘
o arcsinhy/ 25+
5;) fi(@)+f2(0) 10g( ;l)”i*(") Mij% 2

see also: DiVecchia et al, Riva-Vernizzi’21,Bjerrum-Bohr-Plante-Vanhove-Damgaard,
useful results concerning the waveform (using QFT integration methods)... 24



potential gravitons only
Scattering Amplitudes and Conservative Binary Dynamics at O(G*)

Zvi Bern,' Julio Parra-Martinez®,” Radu Roiban,” Michael S. Ruf®,*
Chia-Hsien Shen -,5 Mikhail P. Solon,l and Mao Zeng6

"Mani I. Rhaumik Institute for Thearetical Phusiers [lniversitv of Califarnia at I.ns Anoeles
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soft (radiationlike) gravitons
Scattering Amplitudes, the Tail Effect, and Conservative Binary Dynamics at O(G?)

tail in Zvi Bern,! Julio Parra-Martinez,? Radu Roiban,® Michael S. Ruf,!
near-zone Chia-Hsien Shen,* Mikhail P. Solon,! and Mao Zeng5

Conservative Dynamics of Binary Systems at Fourth

Post-Minkowskian Order in the Large-eccentricity Expansion

Christoph Dlapa,’ Gregor Kilin, Zhengwen Liu,! and Rafael A. Porto!
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whose first three terms match the sixth order result
in Eq. (6.20) of Ref. [42]. 26
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SIXTH POST-NEWTONIAN LOCAL-IN-TIME DYNAMIC
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FIG. 1. Schematic representation of the irreducible information

contained, at each post-Minkowskian level (keyed by a power of
u = GM/r), in the local dynamics. Each vertical column of dots
describes the post-Newtonian expansion (keyed by powers of p?)
of an energy-dependent function parametrizing the scattering
angle. The various columns at a given post-Minkowskian level
correspond to increasing powers of the symmetric mass-ratio v.
See text for details.
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Classical scattering perturbation theory
y enhanced by using QFT integration methods

o = 9% (Xa)Pavs
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R —1Rg" = 8nGTW

6 (x — x,(0,)) A
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+00 d
Apa#:/ do Payu

o0 ‘ daa 4
=17 4o,0,4
_ _5\/_‘00 O, #ga (xa)paapa/}' with
retarded
Apy, =2G/d01d02plapw propagator

x 8, P (x,(61) = 22(62)) P2w P2y

~n

with
Ppabal (x — y) = (naa’nﬂ/f ~ Ena/frff/" ) Gx—y) o retarded

1

propagator

Approach initiated long ago: Rosenblum’78 Westpfahl’79,’85 Portilla’80 Bel et al.’81
limited by the technical difficulty of computing the integrals beyond G2, ie at G"2=2-loop.
Recently developed to compete with quantum-scattering approach:
Kalin-Porto, Porto et al, Plefka et al, Dlapa-Kalin-Liu-Porto,...



Radiation Reaction and Gravitational Waves at Fourth Post-Minkowskian Order

Christogh Dlapa®, Gregor Kahn Zhengwen L1u 2! Jakob Neef®>* and Rafael A. Porto®' (PRL 10 March 2023)
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lts PN expansion agrees with Bini-TD-Geralico’23 notably for the nu*2 =O(RR”2) contribution




Current Puzzles
high-energy limits?
GA3 energy loss too large
GA3 angular momentum loss 100 large wanonarsisguay-snenzz

Conservative G4 scattering diverges
cf ACV motivation: BH formation in HE scattering

Subtleties in defining/computing angular momentum flux
(Ashtekar et al., Veneziano-Vilkovisky,...)

low-energy discrepancy at 5PN between
Foffa-Sturani’19,21,22 Bluemlein et al’21 and Bini-TD-Geralico

TF-constraint on 5PN O(nu”2)
EFT radiative terms

Ql] [—: Ql-/ Q,]‘ (2 ::::: (JH

Soor = CQQLG2/dtIz‘(:)Ig(‘S)gijkLk 0= 2973 690 EC + 850

T 350 9 QeL + 18 ~QR@: T g Qe

SQQQl = CQQQl G2/dtli(3)Ig(‘i)Iija . .
not solved by recent in-in results (Foffa-Sturani’22)
SQQQz = CQQQzG2/dtIi(g)Ig(‘S)Ii(jz)‘



XnPM

Strong-field scattering of two black holes:
Numerical relativity meets post-Minkowskian gravity

1 . . e

Thibault D ‘13'1 d Pi Rett ':..‘2.3
au Damour™ and Hero Rellegno™ _ (PRD March 2023)
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PM waveform computation

LO (tree level) waveform

1PM (linearized): Einstein 1918
2PM: classical: Kovacs-Thorne 1977

quantum-based: N k=
Johansson-Ochirov’15, GoldbergerRidgway’17 7
Luna-Nicholson-OConnellWhite’18 //q \\
Mougiakakos-Riva-Vernizzi’21,Bautista-Siemonsen’22 P =Py + 51 pfl Dy —

Recent NLO (one-loop) waveform

Andreas Brandhuber?, Graham R. Brown?, Gang Chen®, Stefano De Angelis®, Joshua Gowdy® and Gabriele Travaglini?
Aidan Herderschee 2 Radu Roiban®< and Fei Tengb’C

Alessandro Georgoudis”a Carlo Heissenberg”b,a Ingrid Vazquez-Holm”"b,a
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Conclusions

Analytical approaches to GW signals play a crucial role (in conjunction with Numerical
Relativity simulations) for the detection, interpretation and parameter estimation of
coalescing binary systems (BBH and BNS). It is important to further improve our
analytical knowledge for future GW detectors: second generation ground-based
detectors, space detectors, second generation ground-based detectors.

Quantum (and classical) scattering approaches have given new results of great
conceptual interest, and also of potential interests for GW detection. The fruitful
dialogue between QFT, EFT, PN, PM, EOB, Tutti-Frutti methods must be vigorously
pursued. Discrepancies must be resolved to complete the determination of the 5PN
dynamics (of direct utility for LIGO-Virgo). Radiative effects are still puzzling. Quantum
PM waveform computations are promising (though their G-accuracy wont compete with MPM).

Henri Poincare

«ll N’y a pas de problémes résolus,
il y a seulement des problemes

plus ou moins résolus »

«There are no (definitely) solved
problems, there are only

more or less solved problems »




