
The reduction of the heat load on divertors caused
by Edge Localized Modes (ELMs) is a key issue in the
ITER. Large energy flux of Type-I ELMs is expected to
cause melting of the tungsten divertors in ITER. One of
the methods to control ELMs is an application of RMP
fields;, in fact, mitigation or suppression of ELMs by
RMPs are observed in many tokamak experiments. How-
ever, those results are not verified in the steady state
operation. Therefore, to extrapolate those results to the
ITER, RMPs experiments in the JT-60SA tokamak are
critical and urgent issues. In the JT-60SA experiments,
EFCCs will be utilized as RMP coils. For this reason, we
have qualitatively and quantitatively studied the mag-
netic field topology with superposed RMPs by EFCCs to
develop scenarios of RMPs experiment in the JT-60SA.
In the operational aspects, how much the EFCC current
to stochastize the magnetic field structure can be avail-
able is necessary since EFCCs must be used for the error
field correction and the capacity of EFCC power supplies
is limited.

At first, the 3D MHD equilibrium with RMPs is cal-
culated and compared with the vacuum approximation.
The 3D MHD equilibrium is calculated by the HINT2
code, which is a 3D MHD equilibrium calculation code
without the assumption of nested flux surfaces. Using
the HINT2 code, we can correctly study correctly effects
of the 3D plasma response. In this study, n=3 perturbed
field, which will be used in ITER, is applied for a sce-
nario with Ip=5.5MA. In this scenario, the safety factor
profile increases monotonically from 0.7 to 3.5. The 3D
MHD equilibrium with helical perturbations by RMPs is
calculated to satisfy the local force balance resulting in
the 3D plasma displacement. Namely, the plasma col-
umn shifts to the inward and the helical distortion of
the magnetic axis appears. In addition, the stochastiza-
tion of magnetic field lines due to nonlinear couplings of
resonant and non-resonant components of RMPs is ob-
served. Magnetic islands are generated by n=3 RMPs.
In addition, magnetic field lines of the separatrix cause
large radial excursions. For ρ ≥ 0.95, magnetic field lines
open and becomes stochastic. Compared with the vac-
uum approximation, magnetic islands of m/n=3/3, 4/3
and 5/3 surfaces evolve but higher-m magnetic islands
(m > 6) shrink. Therefore, it seems that the stochastic-
ity in the edge region decreases.

To compare the magnetic field structures with the
effects of the 3D plasma response and the vacuum ap-
proximation, the Chirikov parameter, which is a criteria

of overlapping magnetic islands if it becomes unity, is cal-
culated. Here, the Chirikov parameter at ρ > 0.9 where
ELMs appear is focused. Radial profiles of the Chirikov
parameter for the HINT2 result (IEFCC=10, 20, 30kA)
and the vacuum approximation (IEFCC=10kA). For the
vacuum approximation, the Chirikov parameter is almost
unity at ρ > 0.9. However, for the HINT2 calculation in-
cluding the 3D plasma response, the Chirikov parameter
becomes smaller than unity in the same IEFCC . There-
fore, the 3D plasma response shields RMPs. With in-
creased IEFCC of HINT2 results, the Chirikov parame-
ter increases. For IEFCC=30kA, the Chirikov parame-
ter is almost the same as the vacuum approximation of
IEFCC=10kA. The total current of the power supply for
EFCCs is 45kA. Thus, the operation of IEFCC=30kA
will be possible in the experiments.

A Global change ofin the magnetic field also leads to
the fast ion loss. In recent experiments, the difference in
energetic ion losses between the vacuum approximation
and MHD model has been suggested. 3D Monte Carlo
simulations by the OFMC code are performed with n=3
RMPs. The vacuum approximation and the HINT2 re-
sult of IEFCC=10kA are compared in Fig. 1. Although
profiles of the Chirikov parameter are almost same in
both cases, it is found that the significant difference of
the fast ion lossbetween two models. The prompt loss of
fast ions is enhanced in the HINT2 results. This suggests
the 3D plasma response strongly affects the magnetic
field topology.

(a) vacuum (b) HINT2

Fig. 1: birth profiles (blue), birth points of lost ions
(perpule), loss points of fast ions on the vessel (light
blue), and the vacuum vessel (green) for (a) the vac-
uum approximation and (b) HINT2 results are shown
respectively. For a reference, flux surfaces (red) are also
indicated. The IEFCC is 10 kA.

i) Introduction Here we report for the first time a
bifurcation of the growth rate of the ideally unstable in-
terchange mode, which is due to the perpendicular heat
diffusivity. This phenomenon has a large influence on
the rotation and the diamagnetic stabilization. This ex-
plains the results obtained with the MIPS code on the
ideally unstable modes, detailed in the first part.

We also present the result that the rotation is in
the electron direction for ideally stable modes triggered
by resistivity, when perpendicular heat diffusivity and
viscosity are included in the MHD equations.

ii) Methods The MHD stability is studied with a 3-
field model derived from Strauss equations in cylindrical
geometry 1). In addition, the model includes resistivity
η, viscosity ν, perpendicular heat conductivity χ⊥ and
both electron and ion diamagnetic effects (the ion dia-
magnetic effect is sometimes also referred to as the ion
gyroviscous effect). The model contains several eigen-
modes for a given mode helicity, and the code can give
the evolution of their growth rate and frequency with the
physical parameters.

iii) Ideally unstable modes When all dissipation
parameters η, ν, χ⊥ and the diamagnetic effects are
set to zero, the model is that of ideal MHD. In ideal
MHD the mode is purely growing/damped or purely ro-
tating. The hermiticity is not preserved when dissipation
is switched on. Increasing χ⊥ causes the growth rate of
the most unstable eigenmode to decrease, as one would
expect, but the one of the second largest eigenmode in-
creases. When χ⊥ is equal to a critical value χc, the
growth rates of these two modes become equal and stay
equal for χ⊥ > χc. At χ⊥ = χc, the real frequency of
the mode, which was initially zero, exhibits a bifurca-
tion. The two eigenmodes then have same growth rate
but equal and opposite frequency. One rotates in the ion
direction, the other in the electron direction. The situ-
ation is summed up in Figure 1. The existence of the
bifurcation can be understood analytically by using the
asymptotic matching method of reference 2).

The presence of the bifurcation completely modi-
fies the diamagnetic stabilization. We note ω�

i the ion
diamagnetic frequency. When χ⊥ > χc, there is a de-
generacy of the growth rates for ω�

i = 0. In this case,
the mode has no preferential direction of rotation. The
degeneracy is removed when ω�

i �= 0. In general, one of
the two modes will be destabilized instead of being sta-
bilized. Which one of the two mode becomes dominant
is determined by the viscosity. For large values of the
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Fig. 1: Frequency and growth rate of the first two most
unstable modes

viscosity, the dominant mode rotates in the electron di-
rection, which could be consistent with the result that
the modes rotate in the electron direction in the experi-
ment.

The qualitative results of the 3 field model are all re-
covered in full MHD simulations making use of the MIPS
code 3). Thus this is a robust phenomenon. In a further
study, we plan to study the case of a realistic equilib-
rium in order to see if this phenomenon really occurs for
realistic values of the parameters.

iv) Ideally stable modes Modes that are ideally
stable can be destabilized by a finite value of the resis-
tivity. In this regime the scaling of the mode growth rate
with resistivity is γ ∝ η1/3. The bifurcation described
above does not apply to ideally stable modes.

The theoretical effect of the diamagnetic frequen-
cies on the mode growth rate and frequency is also given
in reference 2), when no dissipation other than the resis-
tivity is included. The result is that the electron and ion
diamagnetic effects have a stabilizing influence (in the
ideally unstable case, the electron effect is negligible),
and that the frequency almost vanishes.

However, when dissipation is included, the mode
starts to rotate in the electron direction. Both viscosity
and perpendicular heat diffusivity independently cause
rotation in the electron direction. When the stabilization
by the dissipation becomes large, that is, when γD � γR,
where γR is the resistive growth rate and γD the growth
rate including η and/or χ⊥, the value of the rotation
approaches ω/ω�

e = 1.
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