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A new simulation method has been devel-
oped to investigate the interaction between fast
particles and MHD modes?). The background
plasma, is described by an MHD fluid model,
while the kinetic evolution of fast particles is
followed by the drift kinetic equation. Both the
MHD and drift kinetic equations are solved by a
finite difference method. This new method can
deal with kinetic interactions of fast particles
with nonlinear MHD waves free from numeri-
cal noises of particle discreteness. Especially,
the particle trapping effect of a finite amplitude
wave which suppresses the Landau damping can
be followed by this method.

The toroidal Alfvén Eigenmode?  (TAE
mode) destabilized by energetic alpha parti-
cles has been studied using this new simulation
method. Excited predominant MHD modes
(n=2) and their nonlinear evolutions are ex-
amined including generation of n=0 modes.
The growth rate of the most unstable n=2
TAE mode is agreeable with that of the linear
theory®. After saturation the mode amplitude
exhibits an oscillatory behavior with the bounce
frequency of alpha particles trapped by the TAE
mode?) (Figure 1). The bounce frequency is co-
incident with the linear growth rate. The sat-
uration is found to be caused by the decrease
of the power transfer rate from alpha particles
to the TAE mode. Thus, we conclude that the
growth of the unstable mode is suppressed by
the particle trapping effect of a finite amplitude
wave. The saturation level is in proportion to
the square of the linear growth rate.

The m=0, n=0 quasi-linear mode of the al-
pha particle distribution is generated through
the nonlinear coupling between the n=2 TAE
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mode and the n=2 mode of alpha particle dis-,
tribution. This quasi-linear mode spatially flat-
tens the distribution function, removing the free
energy source of the instability.

The saturation of the magnetic field fluc-
tuation can reach to a significant level, e.g.
1.8x 1073 of the equilibrium field intensity when
the initial beta of alpha particles is 2% at the
magnetic axis. This indicates a non-negligible
alpha particle loss in one slowing time®.

This new simulation technique will be useful
to investigate other fast particle physics such as
the fishbone and sawtooth oscillations, which
are under consideration.
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FIG. 1. Temporal evolution of the real part of
the (m = 3,n = 2)-mode on the r = 0.35a
magnetic surface.
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