Searching for Feature Signals in Gravitational Waves

From Core-Collapse Supernovae
Using the Hilbert-Huang Transform

e Bt A - Yuta Hiranuma, Ken-ichi Oohara’-2 205
“The 11th East-Asian Meeting on Astronomy” . : : : :
@ TOKI MESSE, Niigata, Japan (Dec. 8 - 12, 2025) (1 N”gata UmV@rSlty, 2The Open Uan@rSlty of Japan) E-mail: yuta@astro.sc.niigata-u.ac.jp

1. Introduction & Aim 4. Target Signal & Set Up

- The Hilbert-Huang Transform (HHT) [1] is one of the Vartanyan et al. (2023) [8] i
time-frequency analysis methods with the high resolution. non-rotating 3D CCSN simulations B
* The HHT was applied to Gravitational Wave (GW) data analysis ||. Non-exploding model (14M), h,
first by Camp et al. [2], Stroeer et al. [3], and Japanese group v'SAS| active: ~100 Hz

follows them.
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* In this work, We apply the HHT to GW S|gnal from a falled
CCSN and change parameters of the empirical mode
decomposition.

2. Hilbert-Huang Transtorm (HHT)

5. Results &2, ry

« EEMD parameters list
> Ensemble number: Nogryg = 10> (fix)
> Stoppage criterion: ¢ = 0.1,1073

& Overview of the HHT ' Intrinsic Mode Function (IMF) ! > Injection noise parameter: g..mq = 10, 101
_ i Instantaneous Amplitude (1A)
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Empirical Mode Decomposition (EMD) ......

v EMD sifts original signal, like a high pass filter. (1) g /‘ " J e ] [ o e[S - .
» sethy(t) « h(t) | ""‘Wﬂ“ﬂ! gﬁw (M Aly{u;l""
1. c(t) « ho(t) P ARy
2. m(t) « (U®) +L()/2 ...(I) [ fa L(t)
3. Cpew(t) « c(t) —m(t) ...(IN T I) ' '
if a stoppage criterion is satisfied then i Y /\ m oo
get IMF = c(¢t), ...(1) W\f\/\f\l\ﬁ M f\/\f\f\ﬂ I
ho(t) « ho(t) = c(t), r IV VRV
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end if o o AT
s (From Oohara’s presentation) q
Hilbert Spectral Analysis (HSA) ~ Ll G L B B VAR
v Get IA, IF of each IMF (x(t)). (}[ x(£)] = 1oy f :@[ dT) O | I
. T o b —
z(t) = x(t) +iH[x(t)] = a(t)e?® (PV: Principal value) 6. Summary

a(t) = ‘éngt) +H[x(0)]" : Instantaneous Amplitude (IA) v' Changed some EEMD parameters and applied the HHT to
f(t) =

p— . Instantaneous Frequency (IF) GW signal from the CCSN.

QI 07T TTS 1110 (o )11 0318 (o B 0 L D TS it e 90 1)) I = When large noise injected (deema = 10), more clearly, SAS
Add a white Gaussian noise with a standard deviation ¢, to the original possible signal appeared.

data h(t).
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(0o = 0 X Oeemg WIth a pre-determined o ..q) (05 :Standard deviation of h(t))
() Decompose the data with the white noise into IMFs. YH used HHT code of KAGALI (KAGRA Algorithmic Library)

(i) Repeat steps (i) and (i) many times but with different white Gaussian |and the GW signal data from
noise series at each time. https://www.astro.princeton.edu/~burrows/gw.3d.new/ .

(iii) Obtain the ensemble means for the series of the obtained IMFs. Reference
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