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Extreme events in nature, rogue waves in optics

A central challenge in understanding extreme events in physics is to develop rigorous
models linking the complex generation dynamics and the associated statistical behavior.
Quantitative studies of extreme phenomena, however, are often hampered in two ways:
(i) the intrinsic scarcity of the events under study and (ii) the fact that such events often
appear in environments where measurements are difficult. A particular case of interest
concerns the infamous oceanic rogue or freak waves that have been associated with
many catastrophic maritime disasters. Studying rogue waves under controlled conditions
is problematic, and the phenomenon remains a subject of intensive research.

On the other hand, there are many qualitative and quantitative links between wave
propagation in optics and in hydrodynamics, and it is thus natural to consider to what
degree (if any) insights from studying instability phenomena in optics can be applied to
other systems. In this context, significant experiments were reported by Solli et al. in late
2007, where a wavelength-to-time detection technique allowed the direct characterization
of shot-to-shot instabilities in the extreme nonlinear optical spectral broadening process
of supercontinuum generation. Specifically, although the process of supercontinuum
generation is well-known to exhibit fluctuations in both the time and frequency domains,
Solli et al. have shown that these fluctuations contain a small number of statistically-rare
‘rogue” events associated with a greatly enhanced spectral bandwidth and the generation
of localized temporal solitons with greatly increased intensity.

The analogy between the appearance of localized structures in optics and the rogue
waves on the ocean’s surface is both intriguing and attractive, as it opens up possibilities
to explore the extreme value dynamics in a convenient benchtop optical environment. In
addition to the proposed links with solitons suggested by Solli et al., other recent studies
motivated from an optical context have explored possible links with nonlinear breather
propagation. The purpose of this talk will be to discuss these results that have been
obtained in optics, and to consider both the similarities and the differences with oceanic
rogue wave counterparts.
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