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Abstract: Analysing the data for the upcoming LISA mission will require extreme mass ratio inpsiral (EMRI) waveforms waveforms that are not
only accurate but also fast to compute and extensive in the parameter space. To this end, we present a method for rapidly calculating the inspiral
tragjectory of EMRIs with a spinning primary. We extend the work of van de Meent and Warburton (2018) by applying the technique of near-identity
(averaging) transformations (NITs) to the osculating geodesic equations for arotating (Kerr) black hole, resulting in equations of motion that do not
explicitly depend upon the orbital phases. This alows us accurately to calculate the evolving constants of motion, orbital phases and waveform
phase to within subradian accuracy, while dramatically reducing computational cost. We have implemented this scheme with an interpolated
gravitational self-force model in both the equatorial and the spherical cases as a proof of concept, and present the first inspirals in Kerr spacetime to
include all first order self-force effects.
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Motivation

d?x® dz? dx” 5 |
dT -+ Fﬁ’Y dr d Ef(l) + € f(z) + O( ) 1 .

* Use Kerr GSF data to create a model
* Use this to make Fast AND Accurate inspirals

* Proof of Concept: Equatorial Kerr Inspirals
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Equatorial Geodesic Motion in Kerr Spacetime
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Kerr GSF Model
(Outgoing Radiation Gauge)

* =09 0<e<05

s y= /p;%, 0<y<l1

* 15 x 7 = 105 Chebyshev Nodes

* fa= ZaZoAL(y,e)cos(nq,) + BZ(y,e) sin(ng;)
© A =Xt X0 Ani; iy — DTj(4e — 1)

« BE =Xl X5-0B;; Ti2y — DTj(4e — 1)

» Relative Error< 5 x 1073

Eccentricity (e)

Semilatus Rectum (p)
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Osculating Geodesics

Trajectory through p-e space (e = 107, py = 7.1, ey = 0.48)

* Orbital Elements: P; = {p, e}
* Orbital Phases q; = {q, }
* Extrinsic Quantities: Sx = {t, ¢}

* (Carter-) Mino-Time: A

Eccentricity (e)

Pj:O +€Fj§1)(ﬁ,51&a k .": —

—

G =Tu(P) +effV(P.g:a") .
S’k — Sk(ﬁy q) 2 4Semilatus R;ectum(p)
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Osculating Geodesics

Trajectory through p-e space (e = 107, py = 7.1, ey = 0.48)

* Orbital Elements: P; = {p, e}
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Osculating Geodesics

Trajectory through p-e space (e = 107, py = 7.1, ey = 0.48)

* Orbital Elements: P; = {p, e}
* Orbital Phases q; = {q, }
* Extrinsic Quantities: Sx = {t, ¢}

* (Carter-) Mino-Time: A
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Near-ldentity (Averaging) Transformations

To obtain equations of
motion independent of ¢

Py = P+ vV (B, ) + YD (B, ) + O(e) ﬁq:0+dﬁU@5 2ﬁf%ﬁ)

Transform to new variables

§=aq+eXVPBP+EXP (B, + 0 QV—Q()+€fU()

& =(0) ~(¥)
Sk—sk‘l‘Z()( 7‘27')_|_€Z (_’,(j)-i-(f)(rf?) Sk‘_bk (P)+63k (P)

Geodesic Adiabatic Post-Adiabatic
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Steps Involved in Applying the NIT

Offline Steps

* Use fast Fourier transforms to find
modes of F,, I, f;, S, S¢ + derivatives at
a given (y,e)

* Combine these modes to find
1;4]_(1),1:}(2) 'fi(l)rgﬁo) and §}E1)

* Repeat across the parameter space (320
X 500 points)

* Interpolate the points using cubic
splines
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Trajectory through p-e space (e = 10_5,1)0 =7.1,ey = 0.48)
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Quadrupole Waveforms

Early Stage Waveform (e = 107%,py = 7.1, ¢ = 0.48) Late Stage Waveform (¢ = 107%, pg = 2,484, ¢g = 0.114)
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Runtime (Wolfram Mathematica 12.2)

Mass | Osculating | Relative eI
Ratio | Geodesics | Speed Up 5

102 54s ~ X 3.5

1073 6mins21s ~ X 27 Fer

107*  53mins ~x209

105  6.9hrs ~ X 1612
1076 277 ?27?

All NIT’d Inspirals all take ~ 15s
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Comparing Adiabatic to PA Inspirals

© =@ or g,

Ap = pA%(t) — pPA(¢)
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Wavetorm Mismatch
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Questions
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