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Abstract:

Higher-dimensional solitons are nonlinear waves localized in either 2 or 3 dimensions.
This study examined the existence, formation, and interaction of higher-dimensional
solitons in a number of systems applying to plasma physics. We mostly looked
at modified Zakharov-Kuznetsov (ZK) equations which model weakly nonlinear
ion-acoustic waves in strong magnetic fields, and in particular those modelling systems
with non-isothermal electrons. We demonstrated that, as in the isothermal case,
systems with non-isothermal electrons exhibit higher-dimensional soliton solutions
with high symmetry and these evolve from perturbed plane (1-d) solitons. We also
looked at modified Kadomtsev-Petviashvili (KP) equations. We showed that these
have a similar behaviour to the original KP equations, with the modified version with
positive dispersion also possessing lump solitons which form after perturbing a plane
soliton. This demonstrated that the existence of lump solitons is not a consequence of
integrability, a property the KP equations possess but the modified forms do not.

A number of the equations we examined have two nonlinear terms. We discovered
new families of algebraic solitons to these in one, two, and three dimensions. In one
dimension these appear to collide elastically with ordinary solitons but the collisions
are inelastic in the higher-dimensional cases with the algebraic solitons decaying to
ordinary ones. Higher-dimensional solitons can be formed as a result of instabilities of
plane solitons. We developed techniques to obtain approximate analytical expressions
for the growth rate of such instabilities when there are two nonlinear terms. As part of
this, we also stumbled across a technique for performing certain types of improper
integrals involving hyperbolic functions.

In addition to the interactions of algebraic solitons, we also studied the collisions
of spherical solitons with each other and collisions of cylindrical solitons with
plane solitons. Collisions between spherical solitons are inelastic. In the case
of off-axis collisions, the energy loss was found to show little dependence on
the distance between trajectories if the distance was small enough for identity
exchange of the solitons to take place. Properties of the emerging solitons were
accounted for by using conservation laws. Collisions of cylindrical solitons with plane
solitons always resulted in the destruction of the plane soliton. For large am-
plitude plane solitons, additional cylindrical solitons are formed as a result of the collision.
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