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Large Deviations for Multivariate Heavy-
Tailed Hawkes Processes
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2. Hawkes processes capture the amplification and cascade effects of
risks across space and time that prevail in various scientific, engineering, and
business contexts. This talk develops sample path large deviations for
multivariate Hawkes processes with power-law heavy tails in the offspring
distributions. Our results address sufficiently general rare event sets by
revealing the most likely configurations of (multiple) large clusters that could
trigger the target events. These results also lay the foundation for precise
theoretical insights and efficient rare event simulation in practical systems
subject to clustering and mutually exciting risks. Our proof hinges on several
technical developments. First, we provide a detailed probabilistic analysis of
the spatiotemporal structure of large jumps in multi-type branching processes,
which helps reveal the hidden regular variation in the tail behavior of Hawkes
process clusters. Next, we establish the asymptotic equivalence between a
suitably scaled multivariate Hawkes process and a coupled Lévy process with
multivariate hidden regular variation. Along the way, we derive a sample path
large deviations principle for such Lévy processes, which is of independent
interest given the importance of Lévy models and the prevalence of hidden
regular variation.
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