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Gravitational wave searches

▶ binary black holes
▶ standard: matched filtering

▶ dense template bank
▶ slide templates over signal
▶ non-optimal
▶ computationally demanding

▶ complicated noise characteristic,
glitches
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Neural Networks

artificial neurons
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Neural Networks

organized in layers:

▶ matrix multiplication

▶ element-wise non-linear functions

training:

▶ dataset

▶ loss function (BCE)
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▶ GD-based optimizer



Convolutional Neural Networks

source: MathWorks



MLGWSC-1

▶ mock data challenge [SZN+23, SZ21]

▶ BBH signals in long segments from 2 detectors

▶ 4 test datasets, progressive complexity

▶ 4 ML + 2 traditional contributions



Test data

▶ 1-month strain in H1 and L1

▶ IMRPhenomXPHM injections

DS
injections noise

spins modes masses noise PSD

1 zero l = 2, m = ±2 10− 50M⊙ Gaussian fixed
2 aligned l = 2, m = ±2 7− 50M⊙ Gaussian O3a
3 generic all implemented1 7− 50M⊙ Gaussian O3a
4 generic all implemented 7− 50M⊙ real O3a noise

Submissions: produce list of triggers and ranking statistics

1(2, 2), (2, -2), (2, 1), (2, -1), (3, 3), (3, -3), (3, 2), (3, -2), (4, 4), (4, -4)



MLGWSC-1 results
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MLGWSC-1 results



MLGWSC-1 results



Conclusions

▶ precession & higher modes: irrelevant so far

▶ artefacts of test data distribution

▶ signal length

Outlook

▶ longer signals

▶ LISA data



Dominant mode estimator



Dominant mode estimator



Dominant mode estimator
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Czech-Italian Collaboration in Space-Based High-Energy Astronomy, 24th Nov 2025



now

future
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newATHENA
(Advanced Telescope for High Energy Astronomy)

ESA planned large X-ray Observatory 
to study Hot and Energetic Universe

Instrument X-ray Integral 
Field Unit (X-IFU) for
high-resolution X-ray 
spectroscopy

Czech contribution to read-out electronics

*2037
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