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Rogue Waves and Extreme Events in Nonlinear Ultrafast Optics

We discuss recent studies of large amplitude extreme value "optical rogue wave" instabilities in ultrafast nonlinear optics. We consider how insight from these experiments can impact both directly in photonics and in leading to an improved understanding of rogue wave phenomena in hydrodynamics.

A central challenge in understanding extreme events in physics is to develop rigorous models linking the complex generation dynamics and the associated statistical behavior. A particular case of interest concerns the infamous oceanic rogue or freak waves that have been associated with many catastrophic maritime disasters [START_REF] Hopkin | Sea snapshots will map frequency of freak waves[END_REF]. Studying rogue waves under controlled conditions is intrinsically problematic, however, and the phenomenon remains a subject of intensive research. On the other hand, there are many links between wave propagation effects in optics and hydrodynamics, and the study of "rogue" instabilities in optics is therefore currently a subject of much interest. This talk will present a survey of recent experimental and theoretical studies obtained in ultrafast nonlinear optical systems, focusing both on the consequences of these instabilities in the context of optics and photonics applications, as well as discussing how these results may feed into developing an improved understanding of the wider class of rogue waves on the ocean.

The study of noise effects in nonlinear optical propagation has of course been the subject of extensive research for many years. Moreover, after the observation of supercontinuum generation in photonic crystal fibre in 2000, applications in frequency metrology motivated many detailed investigations into the means by which input pulse noise was transferred to the broadband spectrum [START_REF] Corwin | Fundamental Noise Limitations to Supercontinuum Generation in Microstructure Fiber[END_REF]. The results obtained led to an improved understanding of the noise amplification process and the development of useful guidelines for the optimisation of supercontinuum spectra for specific applications [START_REF] Dudley | Supercontinuum Generation in Photonic Crystal Fibre[END_REF]. A major development, however, occurred in 2007 with the report of Solli et al. who used ultrafast detection to perform the direct measurement of a time-series of the fluctuations of the long wavelength edge of the supercontinuum [START_REF] Solli | Optical rogue waves[END_REF]. Specifically, the measurements showed 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. Crucially, because these experiments were performed in a regime where modulation instability (MI) plays a key role in the dynamics, an analogy was drawn with hydrodynamic rogue waves, whose origin and dynamics has also been discussed in terms of MI or, as it usually referred to in hydrodynamics, the Benjamin-Feir instability [START_REF] Zakharov | Freak waves as nonlinear stage of Stokes wave modulation instability[END_REF].

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 studies motivated from an optical context have explored possible links with nonlinear breather propagation [START_REF] Dudley | Harnessing and control of optical rogue waves in supercontinuum generation[END_REF] and the appearance of quasi-coherent localized structures from an unstable turbulent optical field [START_REF] Akhmediev | Waves that appear from nowhere and disappear without a trace[END_REF][START_REF] Zakharov | Soliton Turbulence[END_REF][START_REF] Genty | Optical rogue waves and soliton turbulence in nonlinear fibre optics[END_REF]. The purpose of this paper 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.