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EOB: resumming the dynamics of a two-body system (m_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
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Technical aspects of EOB 

System of algebraic eqs for unknown coefficients: a_n, b_n, alpha_n; impose b1=2:
-> unique solution at 2PN (Buonanno-Damour’99)
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EOB results at 1PN and 2PN



2-body Taylor-expanded 3PN Hamiltonian [JS 98, DJS 01]
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3PN EOB 

DJS gauge



2-body Taylor-expanded 4PN Hamiltonian [DJS, 2014]
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Resummed (non-spinning) 4PN EOB interaction potentials

ds2e↵ = �A(r; ⌫) dt2 +B(r; ⌫) dr2 + r2
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Padé-resumming A(u; nu)
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Spinning EOB effective Hamiltonian
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NR-completed resummed 5PN EOB radial A potential

4PN analytically complete + 5 PN logarithmic term in the A(u, nu) function,
With u = GM/R and 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-Schäfer 14, Nagar-Damour-Reisswig-Pollney 15]

« 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. » (TD 2001)

here Damour-Nagar-Bernuzzi ’13, Nagar-etal ’16; alternative: Taracchini et al ’14, Bohe et al ‘17
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MAIN RADIAL EOB POTENTIAL A(R) 
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NR-COMPLETION OF FIRST EOB 
GYROGRAVITOMAGNETIC RATIO
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From NR calibration
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Tidal extension of EOB (TEOB) [Damour-Nagar 09]

A(r) = A0
r + Atidal(r)

Atidal(r) = �⇥T
2 u6

�
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2 + . . .
⇥

+ . . .

TEOB[NR]  A(R) potential (Bernuzzi et al. 2015)

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
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Comparable-mass case:  

Gravitational Self-Force Theory : m1 << m2 

• 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 

• (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, … 

• Analytical PN results from high-precision (hundreds to thousands of 

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

Shah-Whiting ’15  

m1 ⇠ m2

Bini-Damour-Geralico’16, Hopper-Kavanagh-Ottewill’16

Akcay-van de Meent ‘16
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Gravitational Self-Force

Black-Hole perturbation theory `a la Regge-Wheeler-Zerilli-Mano-Suzuki-Takasugi



EOB, SF, EOB[SF], LISA ETC
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Remarkable cancellations in EOB expansions in nu=m1m2/(m1+m2)^2: while 

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,…

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)

Aim: define template banks for LISA



GSF : ANALYTICAL HIGH-PN RESULTS
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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

A(u, ⌫) = 1� 2u+ ⌫a(u) +O(⌫2) ; u ⌘ GM

c2R
Singularity at the light-ring: u=1/3

Factorize the energy and the LO PN: 2u^3



FIRST EOB GYROGRAVITOMAGNETIC RATIO FROM SF
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Bini-Damour-Geralico’15

From NR calibration

From SF



EOB

PN NR

PM
SF

LIGO’s bank of search templates
O1: 200 000 EOB + 50 000 PN
O2: 325 000 EOB + 75 000 PN

v ⌧ c

R � GM/c2

v ⇠ c

R ⇠ GM/c2

but  NR simulation
for GW151226
took 3 months and
70 000 CPU hours

R � GM/c2 BH
perturbation

m1 ⌧ m2

QFT
perturbation

theory

LISA’s templates
via EOB[SF] ?

STRING
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