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FIG. 7: Circular ring vortex soliton with radially symmetry. Top left: Energy. Top right: Ring vortex soliton at t = 20s.
Bottom left: Contour plot of jAj2 . Bottom right: Phase plot that indicates rotation at t = 20s. Parameters: row 3 of Table I.

stationary, see Fig. 8 top panels, while from the bottom right panel we deduce that the soliton is still spinning, but
not as fast as the circular one.

FIG. 8: Elliptic ring vortex soliton (no radial symmetry). Two peaks appear at the top of the structure, while the phase keeps
spinning. Parameters: row 3 of Table I.

Ordinary bell-shaped solitons with zero-vorticity can coexist for the same parameters, but with lower energy.
Stable ring vortices, �lamentation and also the unstable ones have also been found previously by [26, 40] using using
a variational formulation. Increasing the amplitude and choosing the initial condition to be circular, A0 = 3 :0,
� x = � y = 0 :15 results in a splitting of the initial beam in several bell-shaped solitons which are non spinning. If a
ring vortex soliton loses its stability, it will be transformed into several bell-shaped solitons via multiple bifurcations.
That is what we have found, by chance, while looking for the spinning ring vortex soliton, see Fig. 9. As it has been
shown in [43], this class may be unstable and leads to chaos. We also noticed that for the same set of parameters, the
beams stop splitting and the soliton appears to be stable. We obtained both �lament solitons for vorticity m = 1,
and m = 2, see Fig. 10. For other results with higher vorticities, see [9].


