Optical vortices in waveguides with spatial dependence of the nonlinear refractive index
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Optical vortex is referred to beam or pulse that has singularity in the amplitude or phase. The last one is characterized by helical phase front. These light structures are solutions of two-dimensional paraxial scalar equation of Leontovich. They are usually created outside the laser cavity by using optical holograms and different optical masks.
In present work it is studied the formation of optical vortices in waveguides with spatial dependence of the nonlinear refractive index. The propagation of such type of laser pulses is governed by a system of amplitude equations for 𝑥 and 𝑦 components of the electrical field in which it is taken into account the effects of second order dispersion and self-phase modulation. The corresponding system of equations is solved analytically. New class exact solutions, describing the generation of vortices structures in optical fibers with spatial dependence of the nonlinear refractive index and anomalous dispersion, are found. These vortices admit only amplitude type singularities. Their stability is a result of the balance between diffraction and nonlinearity, as well as nonlinearity and angular distribution. This kind of singularities can be observed as a depolarization of the vector field in the laser spot. 
Optical vortices have a number of applications in the field of high resolution microscopy, optical tweezers, quantum information transfer, optical vortex trapping and many others.
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