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Many extensions to the Standard Model (SM) predict the existence of strongly interacting dark sectors, which
behave similarly to Quantum Chromodynamics (QCD) but interact weakly with SM particles. Depending on
the parameters of the dark sector, one potential LLP signature could be that of an “emerging jet” –a spray of
particle tracks after proton-proton collision dominantly composed of displaced tracks and containing many
displaced vertices within the jet cone. Graph Neural Networks (GNN) have shown great promise in captur-
ing complex dependencies and patterns in graph-structured data, making them well-suited for analyzing the
intricate topology of emerging jets. GNN-based architecture is used to tag emerging jets with high accuracy
while significantly suppressing the QCD background. The architecture of the GNN also enables the classifica-
tion of displaced tracks as well as the identification of displaced vertices within the jet cone. I will present a
comprehensive evaluation of the GNN’s performance in these jet, track, and vertex-level classification tasks
providing valuable insight into the long-lived particle decay signatures.
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