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Concepts of deuterium-tritium (D-T) fueled tokamaks have been studied mainly to
realize the commercial fusion reactors. However, certain engineering problems for a
commercial D-T fusion reactor which are attributed to 14-MeV neutrons have never been
resolved. Deuterium-3He fusion fuels are considered to mitigate the engineering problems
associated with 14-MeV neutrons. To reduce the synchrotron radiation losses in a D-3He
burning plasma, a use of a high beta field-reversed configuration (FRC) is a proper choice.
Moreover, an FRCissurrounded by open lines of force and is thus suitable for the application
of highly efficient direct energy converters (DEC). However, it stillremains to investigate
some issues, such as the particletransport and the experimental confirmation of the DECs.In
the present work, the particle transport and the particle loss in an FRC due to the
randomization of particle motion at x-points are studied.

Particle motion near the separatrix of an FRC has been considered as stochastic,
because the particle is accessible to the vicinity of the field-null x-points. Nevertheless, no
quantitative investigation on the property of the randomization of particle motion associated
with the x-points has been so far carried out. In addition, since particles which go through
near the x-points might travel to the points where the magnetic mirror coils are arranged,
these are closely related to the axial mirror loss. Hence, the investigation on the statistical
property of the particlemotion near the x-pointsisof consequence. The radialactionintegral
Jisintroduced to reveal the characteristic of the particlemotion near the x-points. This action
integral preserves its value as a particlemoves in relatively uniform field, and is proportinal
to the magnetic moment in this case. On the other hand, an abrupt change of the action
integral is observed, when a particle approaches the x-points. The property of this sudden
change referred to as the collisionless scattering isinvestigated numerically using the particle
tracing routine. The correlation coefficient of the action integral between before and after
the collisionless scattering is approximately 0.1 which is much smaller than the one for the
regular particles. Therefore, the collisionless scattering can be understood as a stochastic
process. A series of the successive collisionless scatteringsisfound to be an isotropic process,
because the numerically calculated histogram in J-space approaches the isotropic distribution
function in the velocity space. Larger changes in the action integral due to the collisionless
scattering are observed for the particles with smaller action integral as well as smaller
absolute value of canonical angular momentum. Moreover, itis found that larger changes
in the action integral due to the collisionless scattering are observed for the particles with
higher kinetic energy. By the present numerical studies, the fitting curve of the ensemble
square average of the changes in the action integral due to the collisionless scattering is
obtained, and will be the useful data for the axial mirror loss of particlesin an FRC.

The particleswhich move near the separatrix are trapped around the x-points where
the magnetic field is a minimum along the guiding center of their axial motion. However,

certain works have neglected the effect of the mirror trap because of the high bounce
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frequency compared with the collision frequency which relates to the classical cross-field
particle transport. Recently, the electrostatic potential associated with the kinetic effect has
been proposed to play an important role of the loss mechanism, which can not be explained
unless the particle axial motion is considered. Moreover, the density gradient around the
separatrix isdependent on the axialmirror confinement of plasma particles, and it affects the
transverse particle transport. Thus the overall particle confinement time willbe modified due
to the collisionless stochastic scattering which the mirror-trapped particles suffer. In the
present paper, a combination process of axialand radial transport considered the collisionless
stochastic scattering has been investigated. The distribution function for the particlesnear
the separatrix is derived from the transport equation which is expressed in terms of the
Hamiltonian, the canonical angular momentum, the radialaction, the magnetic flux function,
and the stream function. Without collisions or turbulences, itis found thatthe distribution
function is independent of the stream function and also found that the dependence on the
canonical angular momentum and the flux function are degenerated in our case. The
cross-field and the axial diffusion due to collision and collisionless scattering determine the
dependence of the distribution function on the Hamiltonian, the canonical angular
momentum and the action integral. Since the axial and the radial diffusion coefficie nts for
electrons and ions are different from each other, the electrostatic potential is formed at the
mirror points and at the midplane on the separatrix to keep the charge neutrality and the
ambipolar particle loss flux. This ambipolar potential at the mirror isfound to be in the range
from -0.4 Tto -T. Here, the quantity T denotes the plasma temperature. The consequent
potential at the midplane on the separatrixis found to be identical to the one at the mirror
points. This result is attributed to the fact that the collisionless scattering ions at the
separatrix are large enough to enhance ion loss upto the mirror loss of electrons without any
electrstatic potential. The sharp density gradient at the separatrix due to the collisionless
stochastic scattering is obtained, which enhances the cross-field diffusion. Contrary, the
density gradient becomes gentle without this scattering. The overall particle confinement
time is predicted from the continuity of the radial density profile near the separatrix. It
appears that in the high temperature plasmas the calculated confinement time approaches
the one predicted without the mirror confinement effects. High temperature willbe required
for the fusion reactor, thus the mirror confinement effects will be safely neglected in this

case.
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