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Outline & Summary

The ringdown part of gravitational waves in the final stage of merger of compact objects tells us the nature of strong gravity which can be used for testing

the theories of gravity. The ringdown waveform, however, fades out in a very short time with a few cyc

data analysis to extract the ringdown frequency and its damping time scale. We here propose to build u

compare the performance of various approaches developed to detect quasi-normal modes from a black

comparisons of the following five methods;

(1a) plain matched filtering with ringdown part (MF-R) method,

(1b) matched filtering both merger and ringdown parts (MF-MR) method,
(2) Hilbert-Huang transformation (HHT) method,

(3) autoregressive modeling (AR) method, and

(4) neural network (NN) method.

*hisaaki.shinkai@oit.ac.jp

es, and hence it is challenging for gravitational wave
D a suite of mock data of gravitational waves to

nole. In this paper we present our initial results of

More details:

https://gw-genesis.scphys.kyoto-u.ac.jp/ilias/goto_root_fold_669.html
http://www.oit.ac.jp/is/shinkai/mockdatachallenge/

Phys. Rev. D 99, 124032 (2019) [arXiv:1811.06443]

Motivation & Mockdata

Towards testing gravity theories & Ringdown-part extraction is a key Mockdata preparation
SXS data + shifted ringdown injection + aLIGO noise
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method 1 :: Matched Filtering method 2 :: Hilbert-Huang transformation (HHT)
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(a) Matched Filtering (ringdown only)

(t < to)
e~ wi(t—t0)/Q cosfwr (t — to) — ¢o]

(b) Matched Filtering (merger + ringdown)

smoothly connected templates

iIntroducing two more parameters:
relative amplitude of ringdown vs inspiral/merger
transition rapidity of ringdown from merger

method 3 :: Auto-Regressive method (AR)

(t > to)

should have best performance for set B

I(f):lower envelope |

m(t) .= (u(t) +(r))/2
— 8(t) — s(t) —m(t) ——

Anhaladahaladahebadaahy
e R R
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We extract £, (from (7))
and f; (from a(7)).

The choice of initial filtering
band [ /;, /] is a little ad hoc.

method 4 :: Neural Network method (NN)

We drop high and low frequency
modes by filtering the data [ /,, /]
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Comparison

TABLEIII.  We show the values of §log fr, 6(fr), dlog f1, and
o(f1) for various methods. The results limited to set A are given
on the first law of each method, while those limited to set B are on
the second.

slog fr(%) o(fr)(%) ologfi(%) o(fi)(%)
MF-R A  —12.88 28.36 -71.51 97.79
B —0.82 27.53 —46.11 75.48
ME-MR A 6.25 17.27 —12.6237.9
B 2.470F 10.41 71840 27.61 oY
HHT A —13.38 21.91 —44.11 61.58
B —8.08 19.81 —28.78 49.61
AR A 02 ?‘?Zieue:{(’ 993 g}ien;‘nt 488 ﬁie":‘t‘ 3875 w
B 1.91 8.57 6.2 34.64
NN A —6.64 16.48 —15.23 w 33.96 £
B —6.65 w 11.97 LCF  9.96 23.76

Comparison (errors of each 60-dataset in the order of the error)
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(c) Imaginary part for Set A (d) Imaginary part for Set B

FIG. 2. Plots of the base 10 logarithm of the error in the estimate for all test data [(a) and (b) for the real part for sets A and B,
respectively, and (c) and (d) for the imaginary part for sets A and B, respectively]. The data number is sorted for each method in
ascending order of the magnitude of the error.

Comparison (RMS errors for low/middle/high SNR mockdata)
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FIG. 3. The root-mean-square error in percent of each method for three levels of SNR [(a) for both sets A and B, (b) for only set A, and
(c) for only set B]. The solid and dashed lines represent the real and imaginary parts, respectively.
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Application to 01-02 events is on-going.
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