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Abstract: Unmodeled search methods play a crucial role in detecting generic gravitational-wave transients (GWTs), especially in the case of signals without precise theoretical
predictions. Coherent WaveBurst (cWB) is one of the primary data-analysis pipelines used for the detection and coherent reconstruction of such signals. Within the GWTBoost non-
flagship use case, we focus on developing and optimizing algorithms for unmodeled gravitational-wave analyses on the LEONARDO high-performance computing (HPC) platform. To
this end, we are developing PycWB, a modern Python-based reimplementation of the cWB algorithm. By exploiting HPC infrastructures, PycWB aims to enhance scalability,
flexibility, and computational efficiency—key requirements for handling the ever-increasing data volumes produced by current and future gravitational-wave observatories. The
framework is designed to integrate seamlessly with contemporary scientific software ecosystems, fostering extensibility, reproducibility, and collaborative development. Here, we
present the motivation, design, and implementation strategies behind PycWB, as well as the broader perspectives it opens for next-generation gravitational-wave signal analysis.

Detecting Unmodelled Transient Signals PycWB — A Python Implementation of cWB

Coherent WaveBurst (cWB) [S. Klimenko et al, 2008][S. Klimenko et al, 2021]: PycWB [Yumeng Xu et al, 2024]
* is an open source software (written in C/C++ and ROOT) for GW data analysis.
* detects the excess of signal power that is coherent in the network of detectors.
* is weakly-modelled algorithm used to search for GW bursts.
* uses time-frequency analysis to identify signals in noisy data.
* Successfully detected major events like GW150914.

Pipeline workflow:
1. Time-frequency representation and whitening

 Why Python? Widely adopted in GW data analysis - easy, modular, collaborative.
* Limitations of cWB (C++): Hard to customize, steep learning curve, complex dependencies.
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* PycWB advantages:
* Python-based - accessible & extensible.
* Modular structure - easier customization & integration.

 Computational gains:
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4. Compute ranking statistic of each trigger

Supernovae explosion and GW emission

As test for the PycWB pipeline we aim to investigate the GW emission of supernovae explosion for both rotating and non-rating scenarios.

Supernovae explosion phases: Rapidly rotating scenario 2 > 0,1 Tad/; Non rotating scenario 2 < 0,1 Td/;

1. The star runs out of fuel — t oo suce = t g-mode at PNS surface
2. The core is stabilized against gravity by the pressure of degenerate e~ L 10007 S|gnal => Evolution of PNS i 1000T e mrvaaiion => Evolution of PNS
3. Collapse begin when M.,,.. > M_, electron capture processes become relevant g‘ (side view) g‘

4. Core bounces when g = 10'* g/cm? o 200+ g B PNS resonance of SAS|
5. After being launched the shock-wave propagates outwards and dissipates energy. 5 100t _O>V\rl<gt/;ﬁolrr:2t|a§:rlgd g 100“N0thing s

6. Neutrino heating and Standing Accretion Shock Instability (SASI) revive the shock - - | i | s

7. The explosion is launched Tlme[ms] 0 50 100 500 Time[ms]

Supernovae waveforms injected PycWB injected events reconstruction

To evaluate PycWB perfomances, we injected SN waveforms into background data.| | We report here the detection and reconstruction of SN waveforms with PycWB, demonstrating that the
We tested roughly a dozen distinct waveform models; for brevity, we present results pipeline successfully identifies and reconstructs the injected signals.

for two representative examples. Mezzacappa et al., 2023 Pan et al., 2021
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