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Motivations Conclusions

o New method proposal for GW extraction without templates  ® Injection tests with real data: OK for SNR>15

m Test of GR e Applied for 10+ known events (upto O3)
m Unknown GW ® can extract GW, consistent Mc(1+z) with GWTC3
B more precise arrival time can be derived
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Independent Component Analysis (ICA)

A method for finding hidden factors or components in multivariate data,
where the components to be found are statistically independent and non-Gaussian.
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Independent Component Analysis (ICA)

A method for finding hidden factors or components in multivariate data,
where the components to be found are statistically independent and non-Gaussian.

Extract statistically independent non-Gaussian
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Application of ICA to GW data analysis : Past proposals

references

[1] R. De Rosa, et al.,, CQG 29, 215008 (2012) "

Proposed to apply ICA for preprocess of matched-filtering
analysis. Demonstrate with detector mock-data and GW mock-data.

[2] S. Morisaki, J. Yokoyama, K. Eda, Y. Itoh, J.Comp. Phys.
300, 275 (2016) Hanford
anTor

Proposed application of non-Gaussian noise deletion Livingston

Virgo
KAGRA

[3] KAGRA Collaboration, CQG 40, 085015 (2023)
Applied ICA to iKAGRA data (2020) together with physical
environment data, and show seismic noise reduction
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2 different Gaussian noise+inspiral-wave injection

iInjection wave = 2.5 x noise
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(b4) Fourier spectrum of (b3).
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Test 2: Hanford/Livingston real noise data+sinusoidal-wave injection
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Test 3: Hanford/Livingston real noise data+inspiral-wave injection
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We derive Mc (obs) from the extracted GW by ICA
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FIG. 7. Input and Output data of ICA analysis.
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FIG. 7. Input and Output data of ICA analysis (cont.)
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FIG. 7. Input and Output data of ICA analysis (cont.)
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0O1-03 BBH events (high SNR 12 events + GW190521)

TABLE III. Results of the wave extractions by ICA for large SNR events in O1-O3. The column obs shows which detector
(Hanford /Livingston/Virgo) observed. SNR is the network signal-to-noise ratio (centered value) which is announced in GWOSC
(https://gwosc.org). Atyy, is the time shift between Hanford data and Livingston data, ¢, — tfy, in ms when ICA shows the
best separation of the signal. A is the ratio of extracted signal to the other noise(s) evaluated by eq. (10). R is the residuals
of the extracted waveform and estimated inspiral waveform, (11), between [t. — 0.15 ms, t.|. See table IV for comparisons of
chirp-mass and red-shift.

event obs SNR | Atur (ms) Atgyv (ms) Aty (ms) | A R/10712 ref.

GW150914 HL  26.0 | —7.32412 = — 4.19 5.88 Fig.4
GW190521.074359 HL  25.9 | —6.35+0-95 ~ = 1.83 10.3 Fig.7(a)
GW191109.010717 HL 173 | 3.17+328 — = 3.40 18.4 Fig.7(b)
GW191204.171526 HL  17.5 | —2.44+342 = — 2.07 3.27 | Fig.7(c)
GW191216.213338 HV  18.6 - —11.0+32, = 3.08 2.09 | Fig.7(d)
GW200112.155838 LV  19.8 - : —23.240-37 | 2.43 10.5 Fig.7(e)
GW170814 HLV 17.7 | —8.06+£032  0.98+%13, - 3.54 5.07 | Fig.7(f)
GW190412 HLV 19.8 | —3.91492% —13.92+998 = 2.21 4.40 | Fig.7(g)
GW190521 HLV 14.3 | 2.93+£93° —25.1549-3° — 2.85 31.8 Fig.7(h)
GW190814 HLV 253 | 2.20+347  21.244972 — 2.00 1.65 | Fig.7(i)
GW200129.065458 HLV  26.8 | 3.424995% —18.31495; — 3.96 11.3 Fig.7(j)
GW200224.222234 HLV  20.0 | —3.66%+55, —9.284033 - 3.28 13.4 Fig.7(k)
GW200311.115853 HLV  17.8 | —3.66+£)4° —27.10+353 = 3.17 4.34 | Fig.7(1)

extracted GW strength vs noise residuals of extracted GW minus

similar value to all GW waveform model small for high SNR

Hisaaki Shinkai (OIT) GW extraction using Independent Component Analysis // CosPA 2025 (2025/July 9 @Daejeon, Korea) 10



0O1-03 BBH events

(high SNR 12 events + GW190521)

TABLE IV. Comparisons of chirp mass, M>°" shown in GWOSC and the one obtained by ICA,MSbS from the best fit
inspiral-wave model. The difference can be regard as redshift factor (1 + zica). The redshift factor in GWOSC, z, is also

shown.

GWOSC
event obs SNR|MZOUCC /M ref.
GW150914 HL 26.0| 28.67;7 Fig.4
GW190521_074359 HL 25.9| 32.8%52 Fig.7(a)
GW191109.010717 HL 17.3| 47.5%0° Fig.7(b)
GW191204.171526 HL 17.5| 8.56107% Fig.7(c)
GW191216 213338 HV 18.6| 8.3319-22 Fig.7(d)
GW200112.155838 LV 19.8| 27.472%6 Fig.7(e)
GW170814  HLV 17.7| 24.1717 Fig.7(f)
GW190412  HLV 19.8| 13.3%0° Fig.7(g)
GW190521  HLV 14.3| 63.3713% Fig.7(h)
GW190814  HLV 25.3| 6.117902 Fig.7(i)
GW200129_065458 HLV 26.8 | 27.275% Fig.7(j)
GW200224 222234 HLV 20.0| 31.175% Fig.7(k)
GW200311.115853 HLV 17.8| 26.6122 Fig.7(1)

Hisaaki Shinkai (OIT)

We derive Mc (obs) from the extracted GW by ICA
Use LVK paper Mc (source) and derive (1+z) from our data
all z are consistent

GW extraction using Independent Component Analysis // CosPA 2025 (2025/July 9 @Daejeon, Korea)

11



Gravitational-wave Extraction
using Independent Component Analysis

arXiv:2503.14179 Hisaaki Shinkai, Rika Shimomura, Yuuichi Tabe
(Osaka Institute of Tech., Japan)

e We proposed a new method for GW extraction.

e Injection tests show effectiveness for SNR>15 for real noise
e L aptop PC can handle

e We applied the method for 12 real events. (10 minutes for 2-detector data

B can extract the waveform, consistent Mc(1+z) with GWTC3 a couple of hours for 3-detector data)

B GW waveforms are consistent for all events

Advantages

More precise arrival time can be derived e Coincident data is necessary.

B can apply more presice sky localization
e [CA decomposed waveform

No templates required do not have information of amplitude,
B Test of GR

® Unknown GW

can be in the inverted phase.
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