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Abstract

This thesis concerns modelling of Coulomb collisions in toroidal plasma with
Monte Carlo operators, which is important for many applications such as
heating, current drive and collisional transport in fusion plasmas. Collisions
relax the distribution functions towards local isotropic ones and transfer
power to the background species when they are perturbed e.g. by wave-particle
interactions or injected beams. The evolution of the distribution function in
phase space, due to the Coulomb scattering on background ions and electrons
and the interaction with RF waves, can be obtained by solving a Fokker-Planck
equation.The coupling between spatial and velocity coordinates in toroidal
plasmas correlates the spatial diffusion with the pitch angle scattering by
Coulomb collisions.

In many applications the diffusion coefficients go to zero at the boundaries
or in a part of the domain, which makes the SDE singular. To solve such SDEs
or equivalent diffusion equations with Monte Carlo methods, we have proposed
a new method, the hybrid method, as well as an adaptive method, which selects
locally the faster method from the drift and diffusion coefficients. The proposed
methods significantly reduce the computational efforts and improves the
convergence.

The radial diffusion changes rapidly when crossing the trapped-passing
boundary creating a boundary layer. To solve this problem two methods are
proposed. The first one is to use a non-standard drift term in the Monte Carlo
equation. The second is to symmetrize the flux across the trapped passing
boundary. Because of the coupling between the spatial and velocity coordinates
drift terms associated with radial gradients in density, temperature and
fraction of the trapped particles appear. In addition an extra drift term has
been included to relax the density profile to a prescribed one.

A simplified RF-operator in combination with the collision operator has
been used to study the relaxation of a heated distribution function. Due to
RF-heating the density of thermal ions is reduced by the formation of a high-
energy tail in the distribution function. The Coulomb collisions tries to restore
the density profile and thus generates an inward diffusion of thermal ions that
results in a peaking of the total density profile of resonant ions.

Keywords
Fusion plasma, thermonuclear fusion, tokamak, Coulomb collisions, stochastic
differential equations with singular diffusion coefficients, Monte Carlo
schemes, spatial diffusion, modelling, Fokker-Planck equation, RF-heating.

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-120590

