Numerical relativity surrogate models for exotic compact objects
the case of head-on mergers of equal-mass Proca stars
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A new exotic compact object: Proca stars

Phys.Lett. B752 (2016) 291-295, arXiv:1508.05395 [gr-qc]
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The Proca merger waveform catalog
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The need for Proca surrogate models
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Two possible approaches for a surrogate
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Many possible approaches for a surrogate
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Pre-processing: Aligning and scaling the data
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Model 1: Singular Value Decomposition
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Model 2: Empirical Interpolant Representation
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Model 2: Empirical Interpolant Representation
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Model 3: Deep Convolutional Autoencoder
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Model 3: The Latent Space
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Model 4: Fully Connected Neural Network




Model performances on the test set
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Parameter estimation on GW190521
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Parameter estimation on GW190521

/ Parameter Surrogate NR \

Total / Final mass [Mg] 233119 2337112
Inclination [rad] 0.84702% 0.85"0 %0
Luminosity distance [Mpc] 549170 5441705
Redshift z 0.111993 0.1110:03
Total red-shifted mass [Mg] 259717 26073
Field frequency w/pv 0.893 0013 0.8907(:0
Boson mass pv [x1077eV]  8.73%0 ¢ 8.6070 5

\log Bayes Factor S/N 90.46 90.36 /




Discussion

ﬂVe have constructed several surrogate models that generam

waveforms of head-on collisions of equal-mass Proca stars.

 All four models have proven to be accurate, but the model
based on singular value decomposition is the most precise.

* We have tested the SVD surrogate model within the task of
Bayesian parameter inference through the recovery of
numerical relativity injections in zero noise, obtaining excellent
results.

* We have performed parameter estimation on GW190521

data, finding strong agreement with the results obtained
Qrectly using numerical relativity templates. /




Acknowledgements

/V\/e acknowledge support by the European Horizon Europe\
staff exchange (SE) programme HORIZON-MSCA2021-SE-01
Grant No. NewFunFiCO-101086251.

This work is supported by the Center for Research and
Development in Mathematics and Applications (CIDMA)
through the Portuguese Foundation for Science and
Technology (FCT — Fundacao para a Ciéncia e a Tecnologia)
through projects:

CEEC program 2023.06381.CEECIND
https://doi.org/10.54499/UIDB/04106/2020
https://doi.org/10.54499/UIDP/04106/2020
https://doi.org/10.54499/PTDC/FIS-AST/3041/2020

https://doi.org/10.54499/CERN/FIS-PAR/0024/2021
Qﬁps:/ldoi.org/10.54499/2022.04560.PTDC J




Numerical relativity surrogate models for exotic compact objects:
the case of head-on mergers of equal-mass Proca stars
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