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EOB: resumming the dynamics of a two-body system (Im_1,m_2,S 1,S 2)
in terms of the dynamics of a particle of mass mu and spin S*
moving in some effective metric g(M,S)

Effective metric for non-spinning bodies: a nu-deformation of Schwarzschild

M =mq + mo =" 1) — 17772
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ds2q = —A(r;v)dt* + B(r;v)dr® + r? (d(92 + sin? Hdgpz)




Technical aspects of EOB

the coefficients of the spherically-symmetric effective metric,

9% dat do¥ = — A(R;v) ¢® dT? + B(R;v) dR* + R?(d6? + sin® 6 dyp?) .

> looked for as usual-type PN expansions:
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System of algebraic egs for unknown coefficients: a_n, b_n, alpha_n; impose b1=2:
-> unique solution at 2PN (Buonanno-Damour’99)

a,=0, a;=2v, b,=4—6v. —> 2PN effective metric



EOB results at 1PN and 2PN

Theorem 1: The Lorentz-Droste-Einstein-Infeld-Hoffmann 1PN dynamics, considered in the
center-of-mass frame, is mapped (at 1PN accuracy) onto the geodesic motion of a particle of mass

p = mimg/(mi + my) in a Schwarzschild background of mass M = m; 4+ mgy, modulo the very
simple (but non trivial) energy map
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(at the 1PN, 2PN, 3PN, and 4PN levels).

Theorem 2: The full 2PN dynamics (whose general-frame Hamiltonian contains thirteen 2PN-
level independent terms besides the five 1PN-level ones), when considered in the center-of-mass

frame, is mapped (at 2PN accuracy) onto the geodesic motion of a particle of mass p in the
following simple v-deformation of the Schwarzschild metric of mass M,

1—6v (%5
(ds2g)®™N = (1 2G4y, (GM ) ) cdt? +— _”2(0 ). dR*+ R?(d6*+sin® fde?),
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modulo the same energy map (Enl ;rgﬁaaf appeared at the 1PN level.



2-body Taylor-expanded 3PN Hamiltonian [JS 98, DJS 01]
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3PN EOB
S = —,u/dseg 1+ A (@) u#u” uur + .. ],

gk P, P, + p*c® +Q(P)) =0,

Theorem 3: The full 3PN dynamics (whose general-frame Hamiltonian contains ~ 40 3PN-
level terms), when considered in the center-of-mass frame, is mapped (at 3PN accuracy), via the
simple energy map (54) that appeared at 1PN, onto the motion of a particle of mass p submitted
to the mass-shell condition (38) where gfﬁf is given by Eq. , with

APN() =1 - 2u+ 20’ + ( (71)

W) =1+ 6vu? + (520 — 602) 3, (72)

and where

A3PN @
@ ~ u2c2

(73)

Here D = (AB)~', we used the scaled mg nenitim p, = PEOB/u (with dimension [p] = [velocity]
so that p/c is dlmensmnless, and_we-f Toduced the convenlent dimensionless EOB variable

DJS gauge - et (74)
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2-body Taylor-expanded 4PN Hamiltonian [DJS, 2014]
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Resummed (non-spiming) 4PN EOB interaction potentials
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Padé-resumming A(u; nu)
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Spinning EOB effective Hamiltonian

Damour’01, Damour-daranowski-Schaefer’'08,Barausse-Buonanno’10, Damour-Nagar'14, ......
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Gyrogravitomagnetic ratios (when neglecting spin2 effects)
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NR-completed resummed 5PN EOB radial A potential

« We think, however, that a suitable ‘““numerically fitted” and, if possible, ““analytically extended” EOB Hamiltonian
should be able to fit the needs of upcoming GW detectors. » (T 2001)

here Damour-Nagar-Bernuzzi ’13, Nagar-etal '16; alternative: Taracchini et al '14, Bohe et al ‘17
4PN analytically complete + 5 PN logarithmic term in the A(u, nu) function,
Withu=GM/Rand nu=m1 m2/(m1 + m2)2

[Damour 09, Blanchet et al 10, Barack-Damour-Sago 10, Le Tiec et al 11, Barausse et al 11, Akcay et al 12, Bini-
Damour 13, Damour-Jaranowski-Schéafer 14, Nagar-Damour-Reisswig-Pollney 15]
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MAIN RADIAL EOB POTENTIAL A(R)

m1=m2 case
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NR-COMPLETION OF FIRST EOB
GYROGRAVITOMAGNETIC RATIO
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Tidal eXtenSiOn Of EOB (TEOB) [Damour-Nagar 09]

A(T) _ A,,q + AtidaI(T)
Atidal () —rigu’ (1 +au+asu’+...) +...

TEOB[NR] A(R) potential (Bernuzzi et al. 2015)
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MULTI-MESSENGER + PROBING THE NUCLEAR EOS FROM LATE
INSPIRAL TIDAL EFFECTS IN NSNS OR BHNS

(Damour-Nagar-Villain, Agathos-DelPozzo-vandenBroeek, Bernuzzi et al, Hotokezaka et al.,...)



EOB AND GSF: FIRST ORDER IN NU

Comparable-mass case: 71t1 ~ 112

Gravitational Self-Force Theory : m, << m,

 Analytical high-PN results : Blanchet-Detweiler-LeTiec-Whiting '10,
Damour 10, Blanchet et al 10, LeTiec et al ’12, Bini-Damour '13-15,
Kavanagh-Ottewill-Wardell ’15 Bini-Damour-Geralico’16, Hopper-Kavanagh-Ottewill’16

* (gauge-invariant) Numerical results : Detweiler ‘08, Barack-Sago '09,

Blanchet-Detweiler-LeTiec-Whiting 10, Barack-Damour-Sago 10, Shah-
Friedman-Keidl "12, Dolan et al 14, Nolan et al 15, Akcay-van de Meent ‘16
 Analytical PN results from high-precision (hundreds to thousands of

digits !) numerical results : Shah-Friedman-Whiting 14, Johnson-McDaniel-

Shah-Whiting 15




Gravitational Self-Force

Black-Hole perturbation theory "a la Regge-Wheeler-Zerilli-Mano-Suzuki-Takasugi
8,w(x my, mp) = 8 (x my) + m ,w(x) + O(mz)

hR, := Regy [h,, (0)ut' uf]. hR, = 352 o(hi — Do)

LRwlRin ] = S ()

. d> 2M d . : .
£§R)w) f2(r) 172 + 2 f(")z. + [w? — Virw) (7)) ngdg)(r) = s(() )8(r — ro) + s(1 )8!(r — ro),

R(even/odd) (r) — f dr’G(r, r’)f(r’)" 1 S(cvcn/odd)(r/).

Imw Imw

Here the retarded Green function, G(r,r)=
(X)) Xy (FVH (' = 1) + X3y (r') Xy (N H (r — 1)], s
computed from the wusual “incoming,” X;,, and
“upgoing,” X(up), homogeneous solutions of the RW equa-

tion. [H(x) denotes a step function, and W the constant
Wronskian of X;,) and X(yp).]



EOB, SF, EOB[SF], LISA &rc

Remarkable cancellations in EOB expansions in nu=m1m2/(m1+m2)/2: while

jctx 3 ru 27 19v 4 5 675 34445 20522 15502 35.°° 3
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A(u)=1-2u+2vu +(3 %) )vu +(( 512 6o T rEtS 1n2)1/+( 2 6 )v +3 vlnu)u ,

Computation of 4PN O(nu) term in A from numerical (Barausse-Buonanno-LeTiec’12)
and analytical (Bini-Damour’13) SF computation;

Confirmation of all 4PN O(nu) terms of Damour-Jaranowski-Schaefer’14’15 from SF
computations (Barack-Damour-Sago, Bini-Damour-Geralico, van de Meent)

EOB[SF] program: improve the few EOB gauge-invariant potentials by SF-computing
(analytically or numerically) the contributions linear in nu. Recently implemented for
A, B, Q, gS, gS* (Bini,Damour,Geralico,Kavanagh,Akcay, van de Meent, Hopper,Wardell,Ottewill, ...

Aim: define template banks for LISA



GSF : ANALYTICAL HIGH-PN RESULTS

Bini-Damour 15 Kavanagh et al 15
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Numerical SF computation of a(u) function

(using LeTiec-Blanchet-Whiting’12, Barausse-Buonanno-LeTiec’12), Akcay-Barack-Damour-Sago ‘12

1—2 :
Factorize the energy ~ E(x) = —,  andthe LO PN: 2u3
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FIRST EOB GYROGRAVITOMAGNETIC RATIO FROM SF

Bini-Damour-Geralico’15
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LIGO’s bank of search templates

O1: 200 000 EOB + 50 000 PN LISA's templates
02: 325 000 EOB + 75 000 PN via EOB[SF] ?
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