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EMRIs are one of the main sources of GwWs for LISA. The
arameters of Lnterest are:

The number of orbital cycles of an EMRI during the last yea
vefore plunge (Lnside the LISA band) Ls:

Thew, it is clear that we cannot produce EMRI waveform
ewmplate banks from the best methods presently available
selt-force, Teukolsky + radiative approximation).



Therefore, we need an approximate schemee that captures
the essential characteristics of the EMRI dawﬂmics (Ln

particular coming from self-force calculations) tn such a
way that it can produce accurate waveforms tn an

efficient way.

Apart from their use for data Ana ijsi.s purposes, these
appm)(imate waveforms can also be used for parameter-
estimation PUIPOSES.




Newtoniaw [Peters § Mathews (19632)]: Newtonian

trajeotori&s + uadrupolar waveforms.




Newtonlan [Peters § mMathews (:[_.9&3)]: Newtonlan

trajectories + @uadrupolar waveforms.

Analytic Kludge [Barack § Cutler (2004)1: (Newtonian
motion + pN corrections) + uadrupolar waveforms.

Tewkolsky [Prasco § Hughes (2004)1: Kerr geodesies +
Teukolsky fluxes + Tewkolsky waveforms.




Newtownian [Peters § Mathews (1963)]: Newtonlan

trajectories + @uadrupolar waveforms.

Awnalytic Kludge [Barack § Cutler (2004)1: (Newtontan.
motion + pN corrections) + euadrupolar waveforms.

Tewkolsky [Prasco § Hughes (R004)1: Kerr geodesies +
Teukolsky fluxes + Teukolsky waveforms.

Nuwmerical Kludge [Babak et al (2007); Gair § glampedalkis
(2006)1: Kerr geodesies + pN fluxes + Multipolar waveforms




in Ggreek mythology, the Chimera was a mownstrous
ire-breathing creature of Lycia (tn Asia Minor),

omposed of the parts of multiple animals: upow the
ody of a Lioness with a tail that terminated Ln a
nake's head, the head of a goat arose ow her back at the

enter of her spine.




£ The terma chimera has also come to mean, more

ﬁﬁwemuﬁj i Ll%pﬁgg ble or foolish famtas.g, hard to
elleve... [wWikipedia]
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Kerr geodesics +

>

Harmonic Coordinates

Radiative Self-Force
from post-Minkowskian

> approximation +
Asymptotic matched
expansions.

Multipolar Expansion

, of the Gravitational

L DR o R



rRadiative Self-From from. post—Mileowleiaw
pproximation + Asgmptotic matched expansions

Baste ldea: To determine the gravitational field
oth at the “near zowne” and the “exterior zone” and to
nateh the two solutions at the overlapping reglow.
hese solutions for the gravitational fields are
xpanded tn G (post-Mileowleiaw expansion) and
n havmontes (multipoles).




Radiative Self-From from post-Minkowskian
rpproximatiow o Asgmptotic matched e)qaawsiows

Ustng the half retarded minus half advanced
slution, the matching of the solutions provides an
cpression for a dissipative (radiative) self-force.




At 1PN order, the radiative self-force Ls
letermined from a scalar and a vector radiation-
eaction potentials:




Comment: AlL this assumes a harmonic gawge

harmowntc coordinates for the multipolar expansion).




The radiative self-force has two pLeces:
L) Gradients of the potentials [this Lmplies we need
p to etght-order time derivatives of the trajectoryl.
L) nteraction terms of the radiative potentials with
he nwear-zowne potentials (Kerr gravitational field).




Comment: AlL this assumes a harmownic gawge

harmonic coordinates for the multipolar expansion).




The radiative self-force has two pLeces:
L) Gradients of the potentials [this tmplies we need
p to etght-order time derivatives of the trajectoryl.
L) nteraction terms of the radiative potentials with
he nwear-zowe potentials (Kerr gravitational field).
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The radiative self-force has two pLeces:
L) Gqradients of the potentials [this tmplies we need
p to etght-order time derivatives of the trajectoryl.
L) nteraction terms of the radiative potentials with
he near-zone potentials (Kerr gravitational field).




Comment: ALl this assumes a harmonic gawge

harmowntice coordinates for the multipolar expansion).




Comment: AlL this assumes a harmonic gawge

harmowntic coordinates for the multipolar expansion).
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Kerr geodesiecs +Harmonie Coordinates: An
Lternative to this Ls to use Asywmptotically cartesian
wd Mass Ccentered coordinates (ACMC)

This may be a convenlLent path to deal with the case
n whiteh the massive object Ls not described bg the
Lery metrie.




Multipolar Expansion of the Gravitational
vaveforms

Here, we also use harmonic coordinates (Lmproving
ver the procedure of the Numerieal Kludge
1oveforms).




Gewneral Procedure, Step bg Step: For unttial data
xo,yo,zo0) § (p.et)/(€,Lz,C)
1) Evolution of the Geodesie Equation from a time
tep Bt (L harmonic coordinates).
1) Bvaluation of the dissipative self-force.
L) Estimation of the change L the constants of
wotton (E,Lz,C)




Gewneral Procedure, Step by Step: For Lnitial data
X0,40,20) § (p.e,t)/(E,Lz,C)

V) Bvaluation of the waveforms (can be dowe at ay
Lme).

V) Go back to (1).

Note: Since our self-force Ls not averaged over a
wmber of orbital cycles, this procedure can be
pplied, Ln principle, for an arbitra ry time step.




we have constructed numerical codes that
mplement of the steps described L this talk.




we have constructed numerical codes that
mplement of the steps described tw this talk.

The only difficulty is to evaluate the numerical
Lme derivatives that enter L the self-force: up to
Lght-order derivatives (six-order if we use awal.gti,cm,
xpressions for the second-order derivatives of the
aultipole moments). This requires high-order
lLfferentiation rules and the use of Richardson
:xtrapolation (L part to check the accurac Y).




We are currently generating waveforms with the
joal of comparing with other approxtmate approaches

Nuwwmerical Kluwdge, TewRolsky, EOCRB).

We want to study the evolution of the “constants
f motion” and compare with several approximations
n the Literatwre.



For the future, we would Like to investigate the
ossibility of using the Chimera waveforms for
aramweter-estimation analysis.

It cawn clearly be Lmproved L several ways:
ntroducing conservative pieces of the self-force, ete.

It would be Linteresting to see how this Scheme can
> extended to other geometries (won-Kerr) and even
» other gravitational theories.
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