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Abstract

This thesis investigates the theoretical aspects of Hawkes and dynamic contagion processes, and their
generalizations. These processes constitute a class of self-exciting point processes that model events
in which the occurrence of one event increases the likelihood of future events. This characteristic
makes them particularly effective for capturing temporally dependent and clustered event data. This
is the reason why, they have wide-ranging applications across various fields, including finance (where
trades or shocks trigger subsequent activity), seismology (where earthquakes trigger aftershocks),
neuroscience (where neuronal spikes trigger subsequent firings), and social networks (where posts
or messages encourage further interactions). Motivated by this broad applicability, this thesis offers
a fundamental analysis of essential properties, such as stability, stationarity, the Markov property,
and long-run behavior, along with their applications. The rigorous theoretical results presented en-
hance the significance of Hawkes and dynamic contagion processes in modeling complex temporal

phenomena.

In the theoretical analysis of Hawkes processes, stability condition is the necessary tool to ensure that
the process does not explode with infinitely many events in a finite time. While the Stationarity con-
dition guarantees that the statistical properties remain consistent over time. As discussed, the main
property of a Hawkes process is its self-exciting property; therefore, the Markov property doesn’t
hold in general. However, when holds, it ensures analytical tractability and simplifies both theoretical
analysis and computational methods. Moreover, asymptotic results such as the law of large numbers,
the central limit theorem, and the large deviation principle play a crucial role in understanding their
long-run behavior. These results simplify the average dynamics, stochastic fluctuations, and probabil-
ities of rare events in the processes, and they are important for understanding both typical and extreme

event patterns.

The linear Hawkes process admits a cluster (or immigration—birth) representation. The work in this

thesis extends the classical Hawkes model by incorporating more general mechanisms through which
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viii ABSTRACT

past events can influence future ones. This is achieved by examining alternative forms of event in-
teractions within an immigration—birth framework. Such theoretical exploration is crucial, as it not
only enhances the mathematical understanding of the process but also increases their adaptability and
relevance in applications where event dynamics are more complex than those addressed by standard

models.

Moreover, this thesis examines the interaction between the Cox—Ingersoll-Ross (CIR) process and
the dynamic contagion process. In this study, the dynamics of the CIR process are augmented by
the jump components that are influenced by contagion effects. The proposed framework effectively
captures the mean-reverting characteristics of the CIR process as well as the possibility of sudden in-
creases in intensity triggered by past events. This phenomenon is particularly significant in credit risk
scenarios, where defaults among connected firms may occur in clusters. Thus, to better understand the

implications of this behavior, this thesis analysis the asymptotic results of the proposed model.

When the Hawkes process models the occurrence of self-exciting events only over time, without con-
sidering spatial dimensions, it is referred to as a temporal Hawkes process. However, there are many
real-world applications that involve the study of the spatio-temporal structure of Hawkes processes,
such as earthquake aftershocks, crime events, disease spread, and information diffusion. Investigating
these applications provides a framework for understanding how localized events can trigger cascades
that propagate both spatially and temporally, resulting in complex clustering patterns. In particu-
lar, this thesis investigates the theoretical properties of such processes, where spatial and temporal

dynamics are inseparably linked.

Furthermore, infinite-server models are widely used to represent large-scale service systems in which
many events can occur and be processed simultaneously. Their significance increases when the ar-
rivals are self-exciting or exhibit dynamic contagion dynamics. These characteristics capture the
clustering and dependence patterns often observed in telecommunications, healthcare, and risk man-
agement. This thesis extends infinite-server models to incorporate such complex arrival behaviors
and provides the more realistic and rigorous analytical framework. In addition, Hawkes/M /C self-
exciting retrial queueing systems are examined to illustrate that, how feedback-driven service dynam-

ics can be effectively modeled. All these contributions are thoroughly discussed in this thesis.

This thesis contributes to the existing literature by advancing the theoretical understanding of Hawkes
and dynamic contagion processes. After presenting the fundamental properties of these processes, the
thesis explores their essential extensions and highlights their significance in practical applications. In
this way, this thesis improves both the mathematical insights and the practical usefulness of self-

exciting processes for modeling complex real-world phenomena.
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