The nature, origin, and properties of the one- and two-dimensional optical rogue waves
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The generating mechanism of optical rogue waves (RWs) is the modulation instability (MI). It is the nonlinear optical process in which a weak perturbation of the background pump wave produces an exponential growth of higher order sidebands that constructively interfere to build RWs. We produce RWs in numerical simulations of the cubic nonlinear Schrödinger equation, Hirota, and quintic equation with noisy (or other) inputs on the flat or elliptic background [1,2].

We discuss RWs strange nature, ingrained instability, dynamic generation, and potential applications. We propose the method of mode pruning for suppressing the modulation instability of rogue waves. We further demonstrate how to produce stable Talbot carpets (two dimensional patterns) of rogue waves.
We also present statistical analysis [3] on rogue waves produced by various numerical algorithms using white noise as initial conditions.
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