Introduction

The advent of multimessenger astronomy has changed our understanding of
Gamma-Ray Bursts (GRBs), since events like GRB 170817A have confirmed the
ink between short GRBs (sGRBs) and neutron star mergers. This study employs
machine learning technigues to improve the identification of GRBs associated with
compact mergers. Using a clustering algorithm, we analyzed the Fermi Gamma-Ray
Burst Monitor (GBM) Catalog to isolate GRBs with characteristics similar to known

kilonova-associated events: GRB 170817A[2] and GRB 150101B [3].

Methodology
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Clustering Results

= The clustering analysis identified five subpopulations of GRBs.
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= UMAP emerged as the best method based on clustering evaluation metrics.

= Cluster 2 was identified as a potential subpopulation of KN candidates, as it
includes both known merger-associated GRBs (Fig. 1).

= A comparison with the sGRB catalog of W. Fong (2022) [1] showed that most
sGRBs detected by Fermi were grouped within Cluster 2, reinforcing its associa-
fion with compact object mergers.
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Figure 1. UMAP-based results for the n=5 selection clustering.
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= \WWe identified a golden sample of sGRBs that exhibits characteristics consistent
with compact-object mergers, X-ray afterglow and a reliable redshift measure-
ment.

= A comparison with KN candidates from Troja’s review of Swift-detected GRBs [4]
validated our results. All their KN candidates observed by Fermi are included in
our cluster, highlighting the robustness of our clustering method by identifying
the same events across instruments with distinct detection capabilities.
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Table 1. Golden sample.

Celebrating 20 years of Swift Discoveries

Host Galaxy Association

Additionally, we developed a host galaxy association pipeline to enhance the |o-
calization of nearby sGRBs, increasing the likelihood of identifying their kilonova
counterparts and improving future searches for electromagnetic signals from com-
pact object mergers.

Refining electromagnetic counterpart
searches for nearby events,
narrowing down candidate host
galaxies.

Galaxy search limited to a 1 square
degree region around the Fermi GRB
position to minimize false associations.

Application of a 40 kpc offset
constraint to match observed sGRB-
host galaxy separations.

Optimizing targeted follow-up by
orioritizing likely host galaxies based on
GRB properties, particularly for
telescopes with limited fields of view.

Potential for synergy with wide-field
surveys like LSST.
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