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An ideal magnetohydrodynamic (MHD) theory predicts that a field-reversed configu-
ration (FRC) becomes unstable against internal tilt modes if its shape is prolate. On the
other hand, many experimental observations show that FRC plasmas remain stable much
longer than the tilt growth time. In order to explain this contradiction and clarify a phys-
ical mechanism leading to the tilt stabilization we have carried out a three-dimensional
full particle simulation based on a physical model which can describe the finite ion Lar-
mor radius effect, the current profile effect, and the toroidal ion beam effect [1]. The
growth rate of tilting mode decreases as the plasma beta value at magnetic separatrix 0sp

increases, as is seen in Fig. 1, while it is slightly affected by the finite ion Larmor radius
parameter s and the hollowness parameter D of the equilibrium current profile. It is
found that the number flux of gyrating ions crossing the magnetic separatrix repeatedly
("anchoring ions") increases in proportion to f)Sp and the tilt stability is realized for a
large number fluxjaf anchoring ions.

The stabilization mechanism by anchoring ions is as follows. Tilt instability is triggered
by the internal mode, i.e., the collective motion of plasma is generated inside the magnetic
separatrix. The ions which make the gyrating motion across the separatrix do not follow
the collective motion when they are moving outside the separatrix. On the other hand,
the unstable internal motion grows while drifting slowly towards the toroidal direction
due to the finite Larmor radius effect. Thus, the phase difference is created between
the motion of anchoring ions and the unstable internal motion. When anchoring ions
come back inside the separatrix, the internal tilting motion is disturbed by the motion of
anchoring ions. The stabilization effect by anchoring ions becomes more effective as the
number flux increases, and thus the tilt stability is realized for a large beta at separatrix
( psp > 0.2 ). In other words, the anchoring ions play a role as an "anchor" to hold the
internal plasma to the external plasma, thus stabilizing the tilting motion through their
"anchor" effect.

We also examine two types of the stabilization effect for small 0sp plasmas: 1) the
stabilization by injecting an energetic ion beam toroidally at the neighborhood of the
null point, and 2) the stabilization by applying a vacuum toroidal field. For the ion
beam case the beam current 4 is controlled in two ways. First by changing the beam
particle number and the other by changing the beam particle velocity. For both cases the
growth rate remains almost unchanged until the beam current reaches a critical value (
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It, < 0.03/pj /p is the plasma current). The growth rate gradually decreases as the beam
current increases above the critical value. Figure 2 shows the dependence of growth rate
on the ratio of beam ions to thermal ions energy eKk/(Kp f°r t w o cases. For the cases where
the beam velocity is changed (open circles), the tilt stabilization is realized when se/f « 1
and the beam energy is about 50% of the ion thermal energy. Here, the effective s value,
sejf, is defined by using the average velocity of all ions instead of the only thermal ions.
For the cases where the beam number is changed (closed circles), the tilt stabilization is
realized when the beam energy is about 20% of the ion thermal energy.

In the second type, we examine the stabilization effect by applying the vacuum toroidal
field to a FRC type configuration by using the central conductor where axial current flows.
The linear and nonlinear MHD analyses confirm that low-n gross MHD modes such as
the tilt mode can be stabilized by imposing the strong toroidal field ( the toroidal field
current / ( > 0.5/p ), while the ballooning type modes localized in the bad-curvature region
remain unstable. It is also found that the ballooning modes continue to be unstable as
the toroidal field is decreased to zero where the linear eigenfunction consists of convection
vortices elongated vertically.
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Figure 1: Dependence of growth rate on
separatrix beta for peaked current profiles
where D = —0.6, s = 3. Open and closed
circles correspond to the results obtained
from the MHD simulation and the particle
simulation, respectively.
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Figure 2: Dependence of growth rate on
the ratio of beam ions to thermal ions
energy tKhhi<T for the cases where the
beam number is changed (closed), and the
cases where the beam velocity is changed
(open).
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