Status of post-adiabatic EMRI modelling
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Self-force and adiabatic expansion 3-iayer structure

_ _ KERR ) 2, @) )
Grv (3.,)=0 / I gh, +€ h‘ﬂ.j
SELF - FORCE THEIRY \L

froun POES +0
poiat-partide  arbits

lié“= EFy, +E Ryt )

rwa-'rmescAn.E/AouA&Aflc
EXPANS 0N

| [#= ' g e+ €28, (en +0le)|

Should S“lufﬁ“ ‘ Foe
e-= Lo IR | Paramete r Exbrachon
M te S‘u(—(-'ciMHa Swal|

SISSA — 7 June 2023 Status of PA EMRI models 2/21



Self-force and adiabatic expansion
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Rapid waveforms

o Treat h(% as functions on extended manifold:

aB t -T —> Zﬁnh(n) ;jA7@A)
n=1

where jA = (JAJWBH7 JBH, .. )

e With a suitable choice of (Ja,¢a):

n n)2 i —ik4
hiy = D hU (@ Ta)e e
kA

with Qy := kA¢A.

Offline step: Solve field equations for amplitudes hggﬂk on grid of J values. J

Online step (FEW): Rapidly evolve through parameter space

oa = Qa(IB)
Ja = 615(0)(‘73)_’_6215(1)(‘78)_’_.“
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Status summery

@ OPA:

— Full-SF generic inspirals in Kerr are available (numerical hflogﬂ’“).

— FEW implemented in Schwarzschild with full SF

— FEW implemented in Kerr with 5.5PN fluxes and AAK waveform amplitudes
— (“Soon") FEW for equatorial inspirals in Kerr with full SF

o 1PA:

— Quasicircular inspiral in Schwarzschild, generic/precessing CO spin
— Quasicircular inspiral with slowly-spinning primary, aligned CO spin

@ Synergies
— With PN: High-order PA augmentation of 1PA SF model
— With EOB: benchmarking & calibration for EOB
— With NR: benchmarking for SF; NR+SF worldtube excision model

@ Misc.
— Advanced methods for solving field equations

— Work on transition to plunge, merger & ringdown—relevant for IMRIs.
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1PA waveforms

Mass ratio € = 1/10
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1PA waveforms

Mass ratio e = 1/6

0.15}
0.10}
005}, ,
0.00
-0.05

1PA waveform ----- NR SXS:BBH:0181 l

Re[hs 2]

-0.10} ~ oo

-0.15} NSNS NS

-0.20

“'{‘1\'._‘:&?:‘1"'5—.""-'2:5:; -
e .

Ly

0 1000 2000 3000 4000
™

(Wardell, Pound, Warburton, Durkan, Miller, Le Tiec)

SISSA — 7 June 2023 Status of PA EMRI models

6000

7/21



1PA waveforms

Mass ratioe =1
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OPA vs. 1PA [e=1:10 (top), 1:1 (bottom)]
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1PA inspiral with CO spin
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1PA inspiral with small MBH spin and (anti-)aligned
CO spin
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Transition to plunge
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5PA PN augmentation of 1PA SF model
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EOB Calibration modal flux, quasicircular inspiral
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EOB Calibration modal flux, quasicircular inspiral
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TEOBResumS benchmarking
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SF benchmarking using NR energy flux, eccentric inspiral
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SF benchmarking using NR perisatron advance, eccentric inspiral
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> 2PA contributions are strangely small
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Weak v dependence = f>opa very small
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Putting SF and NR together: worldtube excision for IMRIs

(Dhesi, Wittek, LB, Pfeiffer, Pound, Riiter)
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PA modelling and Environmental Effects

@ Variety of EEs potentially discernible at 1PA
@ Some EEs can be incorporated as sourcing terms within existing PA scheme

@ But EEs can also come with new time/lengthscales, requiring new types of
multiple-scale expansions

@ Degeneracy with/between EEs resolved with multiple EMRI observations

@ Whether EEs are signal to be extracted or noise to be removed, 1PA-accuracy
models of clean EMRIs will be crucial

(Also good value for money, given >2PA terms appear to be negligible)

SISSA — 7 June 2023 Status of PA EMRI models 21/21



