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Eccentric Ringdown
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Eccentric Ringdown

Beyond Circularity
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Eccentric non-spinni
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Eccentric Ringdown

Non-Circular Ringdown

Eccentric Merger Data
Gauge-invariant pa-
rameterization:

7 [mrg -

{Vv bmrg, eff 7]mrg}
Merger kinematics:

mrg jmrg
A22 ) 4322 a¢mrg
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Eccentric Ringdown

Eccentric Merger Data

Orbital-based parameterizations to dynamics-based, evaluated at the merger.
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Eccentric Ringdown

Generic Dynamic Parameterization
[Carullo, Gregorio, et al., 2024]

® From initial (E4PM, JOPM) at time ¢, (E(t), J(t)), such that
t t
E(t) = EgPM — / d'E(t') and J(t) = JHPM — / dt' J(t'), where

to to
Zmax Zmax
_ 2 _
=+ Z Z | |? and J = 3= Z Z mS{ hembi, }-
(=2 m=—/4 (=2 m=—/4

® Merger quantities at ¢,; corresponding to the peak of the emission immediately
before a ringdown begins.
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Eccentric Ringdown

Amplitude Monotonicity
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RIT Non-Spinning Simulations.
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Eccentric Ring

Non-Circular Ringdown

Eccentric Merger Data

Gauge-invariant pa-
rameterization:
{V’ bmrg7 E:)ffrg7 jmrg}
Merger kinematics:
Azz®, Agz ", Guarg

Eccentric Template

ONM -rescaled waveform
RatExp Ansitz

Continuity at 7 = 0

TISER Pune




Eccentric Ringdown

Eccentric Template
[Albanesi, Simone, et al., 2023]

Adapting the non-circular post-merger ansitz to capture complex, highly-eccentric

transients.
o A\ F
A, T) = +c 11
A(7) (1 +exp(—c§47+C§4) 4) -
1+ cg) exp(—ch) + Ci exp(—2C§T)
¢p(1) = —c{ In $ . 0 (2)
1+c3+c¢y
d Ar 1
© A;(7 =0) = A}Y® (NR). G| =Anf_,.
dA; ; ;
@ TTh s = A22‘t:to’ QY % 0 = Aw = w1 — MBnglgrg.
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Eccentric Ringdown

Continuity Condition

A
o cff = BRL(ARYE)S exp(—cf)(1+ exp(ch))?

2 é 4 P
(from II) o ¢f = ST Ay (from IV)
A c5 (e542cy)
® ¢y free parameter

¢
® ¢ free parameter
® ¢4\ free parameter yd

@
A A ® c; free parameter
° cf = (Ap®)% — oy (from 1) if !
PAes ® c, free parameter

A 14“22rg 02“ exp(cg‘l)—l
° —- — ] =2
Cy T2 T exp(e 1 (from IV)
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Improvements
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Eccentric Ring

g

Non-Circular Ringdown

Eccentric Merger Data NR Calibration

Eccentric Template

MeEsen) intaiics: Local Coefficient Calibration

AnE e g ONM -rescaled waveform Global multivasi
Gauge-invariant pa- RatExp Ansiitz ove m t.1var1—
o ate polynomial fits
rameterization:

Continuity at 7 = 0

{v, I;mrg7 EA;‘;g, Jure } Mismatch Validation
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Eccentric Ringdown

NR Calibration

Local Coefficient Extraction

NR Data
233 Non-Spinning RIT Simulations

Filtered via balance laws (eg < 0.9)

Local Parameter Estimation

{0124, cgl, cg, c?, ci}: Bayesian extraction

bayRing package, median extraction from each simulation
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Eccentric Ring

Global Fit

Multivariate Polynomial

Coeffi m Mass Ratio v

oefhicients = v

{(,A A (,f,) po @ —_— Y=Y+ Z Z Pa H Q? | «——r Merger Dynamlcs
°9,C3,C9,C3,C i=1 {Emlg jlnrga bmrg}
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Results



Coefficient Calibration

Amplitude coefficients against 233 RIT simulations.
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Coefficient Calibration

Phase coefficients against 233 RIT simulations.
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Global Fits
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Results

Mismatches
Cubic {v, EZ;®, burg } Global Fit
1.24 1 Non-Circular Global Fit
Non-Circular Local Fit
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Conclusions & Further Work

® Constructed an accurate numerically-informed post-merger waveform model for
highly eccentric non-spinning binary black hole mergers (achieving mismatches
around 1073),

® Extensions: Incorporation of intrinsic spin dynamics and higher-order waveform
modes, and generalizing the framework to dynamically bound orbital captures.

® Seamless attachment to EOB waveforms for complete eccentric waveform
generation and robust parameter estimation.
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Appendix

Ringdown Waveform model

Superposition of damped sinusoids and an exponentially decaying tail term.

o0

hem(®) = Y | A xPli(w it = tret) + B 1+

mn

. T i
Agm exp{l¢gm}(t - tref)plme(t - tgztizlllrt)'
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Quasi-Circular Model

Az (1) = cf‘ tanh(ch + cf?) + c4A

65 (7) = - In (1 + cg exp(—cS7) + ¢ exp(—2c§7)>

1+c§+cjf

0 A; (T =0) = A% (NR).

dey, _ rg
m dAy, _ A ‘ (V] ar o =Aw = w1 — MBHw22 .
dr 7=0 22 t:tO. ¢ -
‘ﬁ' A _ az—a1 ‘" C2 = (g — (1.
Cy = 5.
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Appendix

Quasi-Circular Model

From the continuity conditions,
o off = A A (from II, III)
2
® ¢4t = 2229 (from III)

o ¢4 free pammeter
o il = ALY® — cft tanh(cd) (from I)

! ) (‘33 +2Cf)

o (f (2 MBmerg)(lJrcngCf) (from IV)

e cg = g — o (from IV)
o cg free parameter

o cjf free parameter
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