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Motivation:

We propose an analytical model based on simulation for rotating
core collapse supernovae from Richers’s catolog to:

* To propouse a parameter estimation methodology for rotating
core collapse supernovae

* Analyse gravitational signals inmerse in simulate noise data.

* Compute theoretical minima in the error of the ratio [
between rotational kinetic to potential energy
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Differential rotation at Core-Bounce

* There is a dependence on the degree of differential
rotation with the ratio of rotational kinetic energy and
potential energy

g = T 102
(Wi 2|W]

Rotation profile (before collapse)

Bl = s [1 . (%)1_1

* 0y maximum initial rotation rate

* w is the distance from the axis of rotation

* Ais a measure of the degree of differential
rotation

Richers, S. et.al. 2017

Without rotation With rotation

Before bounce Before bounce
After bounce After bounce

To illustrate the outcomes derived from the
estimation of the parameters 8, we show
three different scenarios:

1) B < 0.08 slow rotation
A1268w?2.00_GShenFSU2.1 (B = 0.067)

2) 0.08 < £ <0.12 rapid rotation
A300w6.00_BHBLP (B = 0.083)
A634w6.00_SFHx (B = 0.108)

3) B >0.12 extremely rapid rotation



1) Gravitational waves for rapid rotating core collapse supernovae analysis
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Waveforms Analysis Waveforms with low pass filter
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For /x(a, B) we consider the difference of amplitude when we have different EOS
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Scaling the parameter h
in terms of the three peaks,
we have the observable metric
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2) Analytical model
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Fitting Factor (FF) 00000

For analyze the similarity between analytical and numerical signals, we use FF technique

Frequency
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We compared the simulated waveforms with its
corresponding analytical waveform using real value
of f and the best fitting for a

Histogram of the best fitting factor with the
combination of different parameters




3) Matched Filter (MF)

We add noise in the numerical signal and estimate S
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Asymptotic expansion for the error estimation

Cramer-Rao Lower Bound (CRLB):
Expresses a lower bound on the covariance of the
unbiased estimators of a parameter:

Cp=171(0)

Fisher Matrix information:

It is a way of measuring the amount of
information that an observable random variable
carries about an unknown parameter,
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where S, (f) is the Power Spectral Density (noise)

0000 Zanolin, M et.al. 2010

Covariance asymptotic expansion:
Asymptotic expansion of the variance in terms of
the inverse of the SNR
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We define the first-order variance,
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For the second order varionce we use the
expression:
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Relative error estimating the parameter f

The estimated error can be found with the covariance

207\ _ Ci(0) | ¢3(8)
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The ratio between the covariance and the rotation

parameter, give us the relative error of

JoZ[B] + o2[B]
B

ETTFOr =

In the plot, we show the relative error considering
simulated data from ET, CE detectors and real data in
O3 LIGO run.

Vitale. V. et.al. 2007
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Comparison of theoretical estimates with the minimum
error of parameter estimation derived from asymptotic

expansion. The relative error is around 10%.
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Conclusions:

« Using the catalogue of Richers, S. et.al. 2017 (0.02 < g < 0.14), we find and analytical expression that allows to
approximate a gravitational wave form for the core bounce phase of rapidly rotation CCSN,

« Using Matched filter technique, we add Gaussian noise and real LIGO O3 noise in the numerical waveform to
estimate the f parameter.

« Using CRLB we calculated the error of the f parameter, and we find that its is around 10% which are a very good
approximation.

« We are using now the more recent and improved GW signals from Abdikamalov et. al. 2025. Watch
Emmanuel Avila's presentation, July 25, 3:50 PM.
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