Nonlinear Analysis on Magnetic
Perturbation in Periphery of LHD

use of the reduced MHD equations. Solving these equations
as the eigen-value problem, some eigenmodes are obtained.
Among these eigenmodes, we define the eigenmode with
the largest (second largest) growth rate as the first (second)
eigenmode. As shown in Fig. 2, the structure of the first
(second) eigenmode is even (odd) with respect to the
rational surface.

In the recent campaign of the Large Helical Device
(LHD) experiments, the coherent magnetic field fluctuation
resonating with m/n = 1/1, 2/3, 3/4 is observed in the
peripheral magnetic field region outside the last closed
magnetic surface1). The purpose of the present study is the
analysis of these modes based on the MHD simulation in the
LHD.
The nonlinear MHD code based on the real coordinate
system has been developed to investigate the magnetic
fluctuation in the peripheral region. In this code, the time
evolution of the vector potential instead of the magnetic
field itself to satisfy divB = 0 condition. In addition, the
pseudo-plasma model, in which we assume the high
resistivity plasma filled in the vacuum region, is adopted. As
the computational techniques, the 4th order finite difference
method, the 4th order Runge-Kutta method and the Rational
Constrained Interpolation Profile (R-CIP) method2) are used.
To prevent the numerical oscillation, MmB method3) is also
adopted.
The developed code is applied to the LHD plasma, of
which equilibrium is calculated by HINT2 code, with β =
2%. For the given initial velocity perturbation, the time
evolutions of density, velocity, pressure and magnetic field
are calculated. Figure 1 shows the time evolution of the
energy. The linear growth and the nonlinear saturation of
the perturbation can be seen from Fig. 1.
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Fig. 2. Mode structure of the first (upper) and second
(lower) modes.
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In order to evaluate the magnetic island formation
systematically, the characteristic index,
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is introduced, where ω is the magnetic island width, ξr
the displacement to the minor radius direction and a the
minor radius, respectively. By used this index, it is found
that the magnetic island due to the second eigenmode is
larger than that due to the first eigenmode when the
displacement is in the same range.
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Fig. 1. Time evolution of energy. Kinetic energy
(parallel, normal and bi-normal direction), magnetic
energy, internal energy and total energy are shown.
In parallel to the above study, we investigate the
formation of the magnetic island when the resistive
interchange mode is unstable. The analysis is carried out by
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