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Abstract

One of the important issues which remains to be clarified in MHD theory is the appear-
ance of magnetic islands and chaotic fields in three-dimensional finite-pressure equilibria.
Recently progress has been made on this issue by using large-scale computer simulation
technique, and several interesting natures in island formation, such as the ‘self-healing’ of
islands, have been revealed. Nonlinear simulations of pressure driven instabilities in helic-
al plasmas have been studied both in two- and three-dimensional geometry. Oscillative re-
laxation phenomena, which have been observed in experiments, have been successfully
reproduced in those simulations. Finally, ideal high-»z ballooning modes in heliotron/torsat-

rons are qualitatively discussed.
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Finite Pressure

(b)

Fig. 1 Poincare plots of magnetic field lines for a / =2 heliotron/torsat-
ron configuration (a) for a vacuum field and (b) for a finite beta
equilibrium. Note that islands appear in (b), as is shown in the
enlarged picture, due to the finite pressure effect and the bound-
ary ergodic region expands [3].
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Fig. 2 General tendency of the occurrence of
magnetic surface breaking due to finite beta
effects for the L =2 heliotron configuration.
(a) represents the pitch period number M
dependency, and (b) shows effect of the ex-
ternal vertical field B, [3].
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‘Self-healing’ of magnetic islands

(a) Vacuum Field

Fig.3 Poincare plots of magnetic field lines to show
the process of ‘self-healing’ of magnetic is-
lands for Helias. (a) A vacuum field, where a
chain of 5/6 island is formed by an external
resonant field. (b) The Iisland gradually
shrinks as (3 increases, and finally disappears.
(c) When g is further increased, the island
chain appears again, but with the inverted
phase from the vacuum one [6].
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Fig. 4 Various Fourier coefficients Vgmn, normalized
to Vaoo, as functions of a normalized radius
(square root of normalized toroidal flux); m, n
refer to the poloidal and toroidal magnetic
coordinate dependencies in an equilibrium
notation in which n=1 is related to the fun-
damental period within one of the five equilib-
rium periods. The position of the 5/6 (in this
equilibrium notation 1/6) resonance is also in-
dicated. (a) corresponds an equilibrium prior
to the healed state, (b) for the complete seli-

healed state, and (c) for an equilibrium after
the healed state.
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fe) T= 300 (d) T =400

h) T = 760
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Fig. 5 Nonlinear development of the resistive interchange mode with (m, n)= (1, 1) and relax-
ational oscillation of the pressure, p. the upper figure shows p = constant surfaces and
the lower one shows the pressure profile along =0 and §=r at each time [8].
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Fig. 6 (a) Nonlinear evolution of pressure profile at ¢=20 for shallow vacuum well H-1 Heliac.

(b) Nonlinear deformation of pressure contour at ¢=2LM for a broader initial pressure

profile for the same Heliac [10].
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Fig. 7 (A) Equally spaced (¢, 6) meshes on 2 poloidal cross sections for an L =2 vacuum
heliotron/torsatron configuration, (B) same quantities for a finite 8 equilibrium, and (C)
contours of the Pfirsh-Schliiter current corresponding to (B). The direction of the poloidal
angle and magnetic field lines are clockwise and the direction of the Pfirsh-Schliter is
from the front to the back of the paper (+ ¢ direction) in the region drawn by thick
curves. The position of =0 is on the equatorial plane outside of the torus.
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Fig. 8 The radial profiles of (A) the rotational trans-
form ¢, (B) the magnetic shear s=%¢L %:b

and (C) the magnetic well V” for the vacuum
(dotted lines) and the finite B equilibrium
(solid lines) corresponding to Fig. 7.
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Fig. 9 The rotational transform = (solid line) and V’ (dotted and dashed line), the equally
spaced (¢, §) meshes, and the contours of the Pfirsh-Schlater current for (A) an RFP
without the reversed field, (B) a high-¢8, tokamak. The aspect ratio and the pressure
are same as ones of the finite 8 equilibrium in Figs. 7-8. The directions of the poloidal
angle, magnetic field lines, and the Pfirsh-Schllter current are same as those in Fig. 7.
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