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Randomly generated extraordinary amplitude nonlinear wave in fluid dynamics can be characterized by rogue
waves. An optical analog of oceanic rogue waves, so-called optical rogue waves, were firstly observed inside optical
fibers in 2007. Since the publication of a pioneering paper by Solli et al. in 2007, investigations of optical rogue
waves have become increasingly common and have formed the basis for a new subfield in optics. In practical
situations, large undesired fluctuations have been found in case of generating optical rogue waves, which are
quite difficult to suppress using external means. Optical rogue waves are characterized by their “L-shaped”
statistics, reflecting the fact that most waves have low amplitudes, but high-amplitude waves can also form with
low probability.

Because of the nonlinear process called modulational instability (MI), a perturbed continuous wave (CW) is
divided into a pulse train containing higher-order solitons while propagating inside anomalous dispersion fiber.
Moreover, when third-order dispersion (TOD) exists, generated higher-order solitons split into quasi-solitons,
which correspond to the multiple eigenvalues of the higher-order soliton and dispersive waves. Quantitative
description has been undertaken in this study for generating optical rogue waves from soliton collision and fusion.

This dissertation presents a study of optical rogue wave phenomena generated in optical fiber using soliton’s
eigenvalues. The thesis contents are based on research the author conducted during a doctoral course at the
Department of Electrical, Electronic and Information Engineering, Osaka University, Japan. This dissertation is
organized as explained below.

Chapter 1 presents a general introduction of the dissertation, with explanation of the background and the
purpose of this study. In recent years, research on rogue wave has been conducted actively in various fields
including light waves other than hydrodynamic context. In this framework, the motivation of this work is
clarified. The aim of the research is also explained.

In Chapter 2, the fundamental concepts related to optical rogue waves are presented. Concepts of optical solitons
such as fundamental and higher-order soliton solutions are discussed at the beginning of this chapter. MI is
discussed as a main nonlinear phenomenon initiating optical rare and strong events inside optical fiber. Soliton
fission, fusion, and collision processes are described to inspire ideas of such concepts. An eigenvalue equation
associated with nonlinear Schrédinger equation (NLSE) is discussed as an evaluation method for optical rogue
wave generation.

Chapter 3 is devoted to characterization of optical rogue waves for an NLSE-based model. After brief discussion
of the generation of optical rogue waves in the NLSE-based model, effects of TOD for optical rogue wave
generation are demonstrated numerically. The optical rogue wave generation mechanism for the NLSE-based
model is evaluated by using the eigenvalues of the solitons. Finally, the stability of solitons against TOD is
demonstrated numerically as a proof-of-evaluation.

In Chapter 4, soliton collision generated optical rogue waves for a higher-order NLSE (HNLSE) based model is
demonstrated. TOD can be considered within an integrable framework for this model. An eigenvalue equation
associated with HNLSE is solved to evaluate the soliton collision behavior. Numerical demonstrations of the
effects of TOD on optical rogue wave generation for the HNLSE-based model are conducted using the achieved

numerical peak power calculations and eigenvalue evaluations. Generation mechanisms of optical rogue waves

for a wider TOD parameter range are demonstrated for the HNLSE-based model. Numerical demonstrations of




the stability of solitons for the HNLSE-based model are conducted at the end of this chapter. Chapter 5 examines
the concept of soliton fusion phenomenon and discusses the dependency on the initial soliton pulse parameters.
After introducing the fundamental concepts, the effects of temporal spacing and frequency separation for soliton
fusion are demonstrated. Next, the effects of frequency separation and phase difference for soliton fusion are
demonstrated. Fusion events for different soliton parameters are presented to inspire brief ideas. The
authenticity assessment of numerical simulation results is discussed before the conclusion. Finally, the achieved
soliton parameter range for soliton fusion phenomena is summarized.

Finally, Chapter 6 presents conclusions reached from the results and implications of the entire thesis, with a

summary of all results.
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