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Suppression of “Edge MHD Instability of LHD” by External RMP

Shu ITO1), Kiyomasa WATANABE1,2), Yuki TAKEMURA2,3), Satoru SAKAKIBARA2,3)

and Sadao MASAMUNE4)

1)Nagoya University, Graduate School of Engineering, Chikusa, Nagoya 464-8603, Japan
2)National Institute for Fusion Science, National Institutes of Natural Sciences, Toki, Gifu 509-5292, Japan

3)SOKENDAI (The Graduate University for Advanced Studies), Toki, Gifu 509-5292, Japan
4)Chubu University, Graduate School of Engineering, Kasugai, Aichi 487-8501, Japan

(Received 18 October 2023 / Accepted 20 November 2023)

We experimentally investigate the effect of external resonant magnetic perturbation (RMP) on“Edge MHD
instability”, which is observed in a discharge with relatively low magnetic Reynolds number and middle beta in
the Large Helical Device (LHD) and leads to minor collapse (rapid degradation of volum-averaged beta value by
10%). When the external RMP is small, the instability is continuously observed in a discharge, and the fluctuation
amplitude decreases a little with the increment of the RMP. When the RMP is large enough, the appearance of
the instability becomes intermittent, and the fluctuation amplitude rapidly decreases with the increment of the
RMP. Moreover, the confinement performance degraded by the instability also recovers when the intermittent
instability appears.
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1. Introduction
In order to develop economical nuclear fusion reac-

tors with magnetically confined torus plasma, we need
to stably confine more than 5% of volume-averaged beta
plasma in a reactor core. One of the main tasks in achiev-
ing the development is suppression or avoidance of MHD
instabilities. In the Large Helical Device (LHD) [1], 5%
of volume-averaged beta discharges without collapse phe-
nomena have already been achieved [2]. In the above 5%
of volume-averaged beta discharges, fluctuations due to
low-order resistive interchange instabilities in the periph-
eral region are frequently observed, and they prevent fur-
ther increase of the beta value [3, 4]. On the contrary,
the following collapse phenomena, which are observed as
rapid degradation of the beta value by more than 10%, due
to the MHD instabilities are observed in the certain opera-
tional conditions in the LHD. (1) The MHD instability in
core region. (2) “Core density collapse (CDC)” due to bal-
looning instability. (3) “Locked-mode-like instability”. (4)
“Edge MHD instability”.

Avoiding the operational range, where the instabilities
with collapse are expected to appear, might be effective to
maintain the discharges without collapse. However, it is
important to find the way to suppress the instabilities with
collapse because there is a possibility that we cannot avoid
the operational range to access the higher beta region. As
shown in a previous research result on the instability sup-
pression in the LHD, applying resonant magnetic pertur-
bation (RMP) by external coils is effective to suppress the
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magnetic activity due to low-n resistive interchange insta-
bility, which is often observed in the LHD high beta dis-
charges equivalent to nuclear fusion reactors [5]. Except
for this, there is little research about suppression of resis-
tive interchange instability by the external RMP. On the
other hand, in tokamaks, it is also well-known that impos-
ing external RMP is effective for stabilization of MHD in-
stabilities such as tearing and/or locked mode [6], resistive
wall mode (RWM) [7] and edge localized mode (ELM) [8].

In this paper, we apply the external RMP to “m/n =
1/1 edge MHD instability” and investigate its effect on the
instability. Here, ‘m’ and ‘n’ indicate poloidal and toroidal
mode numbers, respectively. It is known that “m/n = 1/1
edge MHD instability” appears in the magnetic config-
urations like 3.65 m < Rax < 3.78 m with relatively low
magnetic Reynolds number and middle beta, when the
m/n = 1/1 resonant surface becomes close to the plasma
boundary [9]. Here, “Rax” is a torus major radial location
of the magnetic axis. Note that, in the LHD, the mag-
netic well depth/hill height is sensitive to the magnetic axis
torus location. The main characteristics of “m/n = 1/1
edge MHD instability” are much different from those of
m/n = 1/1 resistive interchange instability. As shown in
Ref. [9], “m/n = 1/1 edge MHD instability” has the fol-
lowing characteristics. (1) After it grows, collapse occurs.
(2) After the collapse, the flattening of the radial electron
temperature profile around the resonant surface is kept, and
the electron temperature inside the resonant surface much
degrades compared before the collapse. (3) The frequency
of the magnetic field fluctuation is about half of that due
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to m/n = 1/1 resistive interchange instability. (4) It al-
ways has a higher harmonic with m/n = 2/2. (5) Both
fluctuation amplitude of the magnetic field and the elec-
tron density is much larger than that due to resistive inter-
change instability. (6) It has a tearing-parity in the mode
structure. Note that resistive interchange instability has an
interchange-parity, as shown in Sec. 2.

This paper describes the active control of “m/n = 1/1
edge MHD instability” by the external RMP. In Secs. 2
and 3, we mention the experimental set-up, and the typi-
cal response of “m/n = 1/1 edge MHD instability” to the
external RMP compared with that of resistive interchange
instability, respectively. Finally, in Sec. 4, we give a sum-
mary.

2. Experimental Set-Up
The LHD is a type of the helical system. It is equipped

with a pair of helical coils and three pairs of poloidal coils.
Its typical major radius, Rax, is 3.5 ∼ 4.0 m and the mi-
nor radius, ap, is 0.46 ∼ 0.64 m. In the LHD, we can
control the rotational transform profile (magnetic shear)
and the height of the magnetic hill through changing Rax

and the shape of the plasma poloidal cross-section, which
are changed through control of the current ratio between
poloidal coils [10]. Here, we experimentally investigate
how “m/n = 1/1 edge MHD instability” responds to the
applied external RMP compared to m/n = 1/1 resistive in-
terchange instability. In detail, we use the static m/n = 1/1
external RMP with different amplitude in every discharge,
which means it does not rotate and has constant amplitude
and phase during a discharge, while two kinds of the in-
stabilities rotate in poloidal and toroidal directions. In the
above experiments, the resonant magnetic surface of ι = 1
is located at r/ap ∼ 0.9 in vacuum, where “r” is plasma mi-
nor radius. Typically, the surface moves to the peripheral
region with increase of the beta value, but it always exists
in the magnetic hill region during discharges.

In order to compare the response of “m/n = 1/1 edge
MHD instability” to the external RMP with that of m/n =
1/1 resistive interchange instability, we conduct discharges
with the same magnetic configuration, with Rax = 3.75 m,
Rax/ap = 6.3, and the operational magnetic field strength,
Bt = 0.75 T, under the different plasma parameter ranges
where two kinds of the instabilities occur. Figures 1 and 2
show typical waveforms of the discharges with “m/n = 1/1
edge MHD instability” and those with m/n = 1/1 resis-
tive interchange instability without imposing the external
RMP, respectively. Figures 1 (a) and 2 (a) show the time
evolution of the volume-averaged beta value, measured by
diamagnetic loop [11], and the total port-through power of
tangentially injected Neutral Beam (NB). Figures 1 (b)
and 2 (b) show the line-averaged electron density measured
by far-infrared (FIR) laser interferometer [12] and the to-
tal port-through injection power of the two beam lines of
the perpendicular NB, one of which is injected as a probe

Fig. 1 Typical waveform of a discharge with “m/n = 1/1 edge
instability”. (a) Volume-averaged beta and total tan-
gential NBI port-through power for three beam lines.
(b) Line-averaged electron density and total perpendic-
ular NBI port-through power for two beam lines. (c)
Plasma current normalized by operational magnetic field
strength. (d) Poloidal flow speed around the ι = 0.6 sur-
face. (e) m/n = 1/1 magnetic field fluctuation amplitude
normalized by operational magnetic field strength. (f)
Electron density fluctuation amplitude around the ι = 1
surface, normalized by the maximum time-averaged elec-
tron density. Yellow shadow region corresponds to the
time window for the analysis. The blue, black and red
dotted vertical lines correspond to the beginning, middle
and end of the time window for the analysis.

beam to measure the plasma flow speed, and the other is
to keep the heating power almost constant during a dis-
charge. The heating powers in Figs. 1 (b) and 2 (b) look
intermittent, but the duration time of no-perpendicular NB
is much short. Figures 1 (c) and 2 (c) show the plasma cur-
rent normalized by the operational magnetic field, Ip/Bt.
Figures 1 (d) and 2 (d) show the poloidal flow speed mea-
sured by charge exchange spectroscopy (CXS) [13]. Note
that Fig. 1 (d) corresponds to the data around ι = 0.6 (r/ap

∼ 0.6) because the plasma flow speed around ι = 1 (r/ap

∼ 0.9) is not measured due to high density discharges, and
Fig. 2 (d) corresponds to the data around ι = 1. Here, the
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Fig. 2 Typical waveform of a discharge with m/n = 1/1 re-
sistive interchange instability. (a) Volume-averaged beta
and total tangential NBI port-through power for three
beam lines. (b) Line-averaged electron density and to-
tal perpendicular NBI port-through power for two beam
lines. (c) Plasma current normalized by operational mag-
netic field strength. (d) Poloidal flow speed around the
ι = 1 surface. (e) m/n = 1/1 magnetic field fluc-
tuation amplitude normalized by operational magnetic
field strength. (f) Electron density fluctuation amplitude
around the ι = 1 surface, normalized by the maximum
time-averaged electron density. Yellow shadow region
corresponds to the time window for the analysis. The
blue, black and red dotted lines correspond to the begin-
ning, middle and end of the time window for the analysis.

ι = 1 surface is identified from the location of the elec-
tron temperature flattening, which is measured by Thom-
son scattering [14], due to “m/n = 1/1 edge instability” or
m/n = 1/1 resistive interchange instability. Figures 1 (e),
(f) and 2 (e), (f) show the m/n = 1/1 mode amplitude of
the poloidal field fluctuation, measured by magnetic probe
[11] outside plasma, and the electron density fluctuation
amplitude around the ι = 1 surface which has high coher-
ence with the m/n = 1/1 magnetic field fluctuation, mea-
sured by CO2 laser interferometer [15], respectively. Here,
note that we consider that the line integrated electron den-
sity fluctuation amplitude for measured sight line tangent

to the ι = 1 surface is equivalent to the electron density
fluctuation amplitude at the local ι = 1 surface. The fluctu-
ation amplitude shown in Figs. 1 (e), (f) and 2 (e), (f) indi-
cates the root mean square (RMS) during 20 ms. We used
the data in the yellow shadow region in Figs. 1 and 2 for
the analysis because plasma is in an almost steady state.
Note that one of NB lines breaks down around t = 5 s in
#167359 discharge, as shown in Fig. 1 (a), so we do not use
the data during the time range of NB breaking down for the
analysis.

In Fig. 1 (a), the rapid degradation of the beta value
around t = 3.8 s corresponds to minor collapse. At the
same time, both fluctuation amplitude of the magnetic field
and the electron density increases rapidly, as shown in
Figs. 1 (e) and (f). On the contrary, in Fig. 2, the beta value
and the fluctuation amplitude are almost constant during
the discharge. In the experiment with “Edge instability”,
the line-averaged electron density is two times as high as in
that with resistive interchange instability, and the volume-
averaged beta value is also higher, as shown in Figs. 1 and
2, because “Edge instability” occurs when both electron
density and beta value are higher than the certain values,
as shown in the previous study [5]. Moreover, both fluctu-
ation amplitude of the magnetic field and the electron den-
sity due to “Edge instability” are almost five times as large
as that due to resistive interchange instability. It is consid-
ered that the observed plasma current mainly consists of
Okawa-current because the injection power of NB, which
enhances the rotational transform, is stronger than that of
NB which reduces it. As the electron density becomes
high, Okawa-current decreases with a high energy com-
ponent due to NB. Then the plasma current in the resistive
interchange instability experiment is larger than that in the
“Edge instability” experiment. Note that in Figs. 1 (c) and
2 (c), the 20 kA/T of plasma current normalized by the op-
erational magnetic field corresponds to the increment of
the rotational transform at the edge by almost 0.04, which
means that the plasma current does not affect the MHD
equilibrium and stabilities so much.

Figures 3 and 4 show typical radial mode structures
observed in a discharge with “m/n = 1/1 edge instabil-
ity” and in that with m/n = 1/1 resistive interchange insta-
bility, respectively. (a), (b) and (c) of Figs. 3 and 4 show
the radial profiles of the line integrated density fluctuation
amplitude, the phase difference, and the coherence for dis-
charges with “Edge instability” (#167359) and resistive in-
terchange instability (#167394). Note that the reference
channel on estimation of the phase difference and the co-
herence has the maximum fluctuation amplitude, the blue
regions in Figs. 3 and 4 correspond to the area around the
m/n = 1/1 resonant surface, and the data with red circles
to the high coherence. Figure 3 shows a tearing-parity in
the radial mode structure. On the contrary, Fig. 4 shows
an interchange-parity. Note that in the case of resistive in-
terchange instability, the background of the line integrated
fluctuation amplitude is fairly high, and the coherence in
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Fig. 3 Typical radial mode structure in a discharge with “m/n =
1/1 edge instability”. (a) Line integrated electron density
fluctuation amplitude, (b) phase difference and (c) coher-
ence. The reference channel on estimation of the phase
difference and the coherence has the maximum fluctu-
ation amplitude. Symbols “ ” correspond to the data
more than 0.8 in the coherence, and symbols “ ” corre-
spond to those less than 0.8. Blue region corresponds to
the area around the ι = 1 surface.

radial channels around the resonant surface is not so large.
Figures 5 and 6 show the following three parame-

ters when the amplitude of the external RMP changes for
each discharge: (a) the volume-averaged beta value, (b) the
line-averaged electron density and (c) the absolute value
of the plasma current normalized by the operational mag-
netic field. Here, note that the amplitude of the external
RMP is expressed by the maximum value of the external
RMP coils normalized by the operational magnetic field
strength, IRMP/Bt. Figures 5 and 6 correspond to the op-
erational parameters of the discharges with “Edge insta-
bility” and those with resistive interchange instability, re-
spectively. It is considered that the growth rate of the pres-
sure driven MHD instabilities is strongly affected by the
pressure gradient, magnetic shear, and magnetic hill height
around the resonant surface. Little difference in the above
three parameters in Figs. 5 and 6 correspond to scant di-
vergence in the magnetic shear and magnetic hill height in

Fig. 4 Typical radial mode structure in a discharge with m/n =
1/1 resistive interchange instability. (a) Line integrated
electron density fluctuation amplitude, (b) phase differ-
ence and (c) coherence. The reference channel on es-
timation of the phase difference and the coherence has
the maximum fluctuation amplitude. Symbols “ ” cor-
respond to the data more than 0.8 in the coherence, and
symbols “ ” correspond to those less than 0.8. Blue re-
gion corresponds to the area around the ι = 1 surface.

the discharges with the various levels of the external RMP.
Here, we plot the data of three phase in order to show little
change in each parameter during the period in which insta-
bilities appear. Note that the external RMP penetrates into
the resonant surface beyond the level of the external RMP
(IRMP/Bt > 2.4 kA/T in Figs. 5 and 6); then the magnetic
configurations would be much different from those with
the shielding of the external RMP (IRMP/Bt < 2.3 kA/T in
Figs. 5 and 6). Note that IRMP/Bt = 1.1 kA/T is expected
through calculation to induce a magnetic island with the
width of 20% of the plasma minor radius in the vacuum.

We specially focus on the change of the pressure gra-
dient around the resonant surface, in addition to the fluctu-
ation amplitude of the magnetic field and the electron den-
sity as an index how each instability is unstable. Note that
the pressure profile is evaluated under the assumption that
ni = ne, Ti = Te and Ze f f = 1, and the electron density ra-
dial profile which is evaluated from the line integrated one
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Fig. 5 Response of typical plasma parameters to external RMP
in the experiment with “Edge instability”. (a) Volume-
averaged beta, (b) line-averaged electron density and (c)
plasma current normalized by operational magnetic field
strength, as a function of the external RMP coil current
normalized by operational magnetic field strength. Sym-
bols “ ”, “ ” and “ ” correspond to the beginning,
middle and end phase of the time window for the analysis
shown in Fig. 1, respectively. Purple horizontal dashed
line in (a) indicates the volume-averaged beta in the dis-
charge without applying external RMP.

by Abel inversion [5]. Here, ni, ne, Ti, Te and Ze f f are the
ion and electron density and temperature, and the effective
electric charge, respectively.

3. Response of “M/N = 1/1 Edge
MHD Instability” to External RMP
In this section, we show experimental results of the

response of “Edge instability” to the external RMP, com-
pared with that of resistive interchange instability under
the same operational conditions without the line-averaged
electron density and the volume-averaged beta value.

Figures 7 and 8 show the response of “m/n = 1/1 edge
instability” and m/n = 1/1 resistive interchange instability
to the external RMP, respectively. Table 1 shows the op-
erational conditions of the above experiments. We analyse
14 discharges with 1.5% volume-averaged beta value for
“Edge instability”, and 10 discharges with 1.3% volume-
averaged beta value for resistive interchange instability.
Figures 7 (a) and 8 (a) show the m/n = 1/1 magnetic field

Fig. 6 Response of typical plasma parameters to external RMP
in the experiment with resistive interchange instability.
(a) Volume-averaged beta, (b) line-averaged electron den-
sity and (c) plasma current normalized by operational
magnetic field strength, as a function of the external
RMP coil current normalized by operational magnetic
field strength. Symbols “ ”, “ ” and “ ” correspond to
the beginning, middle and end phase of the time window
for the analysis shown in Fig. 2, respectively. Purple hor-
izontal dashed line in (a) indicates the volume-averaged
beta in the discharge without applying external RMP.

Table 1 Experimental condition of discharges of Figs. 7 and 8.

fluctuation amplitude, as a function of the normalized ex-
ternal RMP coil current, IRMP/Bt. Figures 7 (b) and 8 (b)
show the electron density fluctuation amplitude at the ι = 1
surface, which is the resonant surface of the m/n = 1/1
mode. Note that, in Figs. 7 (a) and (b), there are two data
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Fig. 7 Response of “m/n = 1/1 edge instability” to exter-
nal RMP. (a) Magnetic field fluctuation amplitude
with m/n = 1/1, normalized by operational magnetic
field strength, (b) electron density fluctuation amplitude
around the ι = 1 surface, normalized by the maximum
time-averaged electron density, (c) beta gradient around
the ι = 1 surface and (d) poloidal flow speed around
the ι = 0.6 surface, as a function of the external RMP
coil current normalized by operational magnetic field
strength. Symbols “ ” indicate the discharges with con-
tinuous appearance of “Edge instability”, and symbols
“ ” indicate those with intermittent appearance. Sym-
bols “ ” indicate the discharges with external RMP pen-
etration to the ι = 1 surface. Purple horizontal dashed line
in (c) indicates the beta gradient in the discharge without
applying external RMP.

with almost the same value around IRMP/Bt ∼ 2.4 kA/T.
Figures 7 (c) and 8 (c) show the absolute value of the beta
gradient at the ι = 1 surface. Note that the beta gradient
corresponds to the averaged value between the torus-inside
and outside data. Figures 7 (d) and 8 (d) show the poloidal

Fig. 8 Response of m/n = 1/1 resistive interchange instability
to external RMP. (a) Magnetic field fluctuation amplitude
with m/n = 1/1, normalized by operational magnetic
field strength, (b) electron density fluctuation amplitude
around the ι = 1 surface, normalized by the maximum
time-averaged electron density, (c) beta gradient and (d)
poloidal flow speed around the ι = 1 surface, as a func-
tion of the external RMP coil current normalized by op-
erational magnetic field strength. Symbols “ ” and “ ”
indicate the discharges without and with external RMP
penetration to the ι = 1 surface, respectively. Purple hori-
zontal dashed line in (c) indicates the beta gradient in the
discharge without applying external RMP.

flow speed. Note that Fig. 7 (d) corresponds to the data
around ι = 0.6, and Fig. 8 (d) to the data around ι = 1. All
data in Figs. 7 and 8 indicate the time-averaged value of the
data during the time window for the analysis, as shown by
the yellow shadow region in Figs. 1 and 2. In Figs. 7 and 8
(a) to (d), error bars indicate the range of square root of the
variance.
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The absolute value of the beta gradient indicated by
“ ” or “ ” in the region of IRMP/Bt < 2.3 kA/T of Figs. 7
and 8 is kept almost equal to or greater than that with-
out applying the external RMP, whose level is indicated
by the purple dashed line. On the contrary, in IRMP/Bt >

2.4 kA/T, the static large flattening region in the electron
temperature profile is observed, and the amplitude of the
beta gradient discontinuously decreases. Here it is consid-
ered that the external RMP penetration to the m/n = 1/1
resonant surface induces the decrease of the beta gradient
through the formation of a magnetic island. Note that in
the discharges with “Edge instability”, the pressure gradi-
ent in IRMP/Bt > 2.4 kA/T in Fig. 7 cannot be evaluated
because the radial electron density profile is not obtained
by Abel inversion due to the formation of the large mag-
netic island. Moreover, as shown in Fig. 7 (c), the beta gra-
dient in IRMP/Bt > 1.6 kA/T (shown by “ ”) is larger than
that in IRMP/Bt < 1.4 kA/T (shown by “ ”). However,
in Figs. 7 (a), (b), 8 (a) and (b), both fluctuation amplitude
of the magnetic field and the electron density decreases as
the external RMP coil current increases, which indicates
that the degree of “edge instability” decreases as well as
resistive interchange instability. Note that in the range of
IRMP/Bt = 2.3 kA/T in Fig. 7 and 2.0 kA/T < IRMP/Bt <

2.3 kA/T in Fig. 8, though the finite coherent magnetic field
fluctuation exists, the coherent electron density fluctuation
does not exist, because the later tends to have lower coher-
ence than the former. In the range of IRMP/Bt > 2.4 kA/T,
the magnetic field fluctuation amplitude is zero, as shown
by “ ” in Figs. 7 and 8. There, both instabilities become
stabilized, because the external RMP penetration to the
m/n = 1/1 resonant surface induces the decrease of the
beta gradient through the formation of a magnetic island.

Now we focus on the difference of the two instabili-
ties’ response to the external RMP. In resistive interchange
instability, as shown in Figs. 8 (a) and (b), the decreasing
rate of the fluctuation amplitude of the magnetic field and
the electron density is monotonical when the external RMP
coil current increases. On the contrary, in “Edge instabil-
ity”, as shown in Figs. 7 (a) and (b), the decreasing rate
in the region of IRMP/Bt > 1.6 kA/T (shown by “ ”), is
larger than that in IRMP/Bt < 1.4 kA/T (shown by “ ”),
which means that “Edge instability” is suppressed more
greatly in high external RMP cases. Moreover, both time-
averaged beta gradient and volume-averaged beta value in
IRMP/Bt > 1.6 kA/T increase more clearly than those in
IRMP/Bt < 1.4 kA/T, as shown in Figs. 7 (c) and 5 (a). The
above result indicates that applying relatively strong exter-
nal RMP leads to clear improvement of the confinement
performance, through great suppression of “Edge instabil-
ity”.

Next, we consider the reason why the decreasing rate
of the time-averaged fluctuation amplitude on the exter-
nal RMP amplitude for “Edge instability” changes discon-
tinuously. Figures 9 to 11 show the time evolution of (a)
the volume-averaged beta value, (b) the m/n = 1/1 mag-

Fig. 9 In IRMP/Bt = 1.4 kA/T, time evolution of (a) volume-
averaged beta, (b) magnetic field fluctuation amplitude
with m/n = 1/1, normalized by operational magnetic
field strength and (c) electron density fluctuation ampli-
tude around the ι = 1 surface, normalized by the max-
imum time-averaged electron density, respectively. Yel-
low shadow region corresponds to the time window for
the analysis.

netic field fluctuation amplitude and (c) the electron den-
sity fluctuation amplitude around the resonant surface, re-
spectively. Figures 9, 10 and 11 correspond to the cases of
IRMP/Bt = 1.4 kA/T, 1.6 kA/T and 2.2 kA/T, respectively.
In Fig. 9, which indicates a typical case of IRMP/Bt <

1.4 kA/T (shown by “ ” in Fig. 7), the magnetic field
and electron density fluctuation amplitude increase rapidly
around t = 3.9 s, when minor collapse happens, and the
clearly large fluctuation amplitude and small beta value are
kept continuously during the time window for the analysis,
indicated by the yellow shadow region in Fig. 9. On the
contrary, in Figs. 10 and 11, which indicate typical cases
of IRMP/Bt > 1.6 kA/T (shown by “ ” in Fig. 7), the fluc-
tuation amplitude sometimes becomes small and then the
beta value becomes large after occurrence of “Edge insta-
bility” during the time window for the analysis. Here, in
Fig. 10, the time window for the analysis is shorter than in
Figs. 9 and 11 because of NB breaking down. Note that the
error in Figs. 7 (a) and (b) is large because it is estimated
from the square root of the variance of the time-averaged
value and “Edge instability” occurs intermittently and re-
peatedly in the region of IRMP/Bt > 1.6 kA/T (shown by
“ ”).
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Fig. 10 In IRMP/Bt = 1.6 kA/T, time evolution of (a) volume-
averaged beta, (b) magnetic field fluctuation amplitude
with m/n = 1/1, normalized by operational magnetic
field strength and (c) electron density fluctuation ampli-
tude around the ι = 1 surface, normalized by the maxi-
mum time-averaged electron density, respectively. Yel-
low shadow region corresponds to the time window for
the analysis.

Then, we consider that both decreasing rate of the
time-averaged fluctuation amplitude of the magnetic field
and electron density in IRMP/Bt > 1.6 kA/T becomes larger
than in IRMP/Bt < 1.4 kA/T because “Edge instability” oc-
curs intermittently. Moreover, from Figs. 10 and 11, it is
found that in IRMP/Bt = 2.2 kA/T, the duration time, when
both fluctuation amplitude is clearly large, is shorter than
in IRMP/Bt = 1.6 kA/T. On the contrary, the duration time,
when the volume-averaged beta value is relatively high, is
opposite to the above. Figure 12 shows the ratio of the
duration time, when the fluctuation amplitude of the mag-
netic field and electron density due to “Edge instability”
are clearly large, to the time window for the analysis, as
a function of the external RMP coil current. In the region
of 1.6 kA/T < IRMP/Bt < 2.3 kA/T indicated by purple in
Fig. 12, the above ratio decreases monotonically as the ex-
ternal RMP amplitude increases.

On the effect of the poloidal flow speed on the sta-
bilization of the MHD instabilities, previous research has
shown its small effect on that of resistive interchange in-
stability [5]. In the case of “Edge instability”, as shown
in Fig. 7 (d), the absolute value of the poloidal flow speed

Fig. 11 In IRMP/Bt = 2.2 kA/T, time evolution of (a) volume-
averaged beta, (b) magnetic field fluctuation amplitude
with m/n = 1/1, normalized by operational magnetic
field strength and (c) electron density fluctuation ampli-
tude around the ι = 1 surface, normalized by the maxi-
mum time-averaged electron density, respectively. Yel-
low shadow region corresponds to the time window for
the analysis.

Fig. 12 Ratio of duration time, when the fluctuation amplitude
is clearly a large value, to the time window for the anal-
ysis, as a function of the external RMP coil current nor-
malized by operational magnetic field strength. Purple
region corresponds to the range, where “m/n = 1/1
edge instability” is observed intermittently. Symbols
“ ” and “ ” correspond to the magnetic field fluctu-
ation amplitude with m/n = 1/1, normalized by opera-
tional magnetic field strength, and the electron density
fluctuation amplitude around the ι = 1 surface, normal-
ized by the maximum time-averaged electron density,
respectively.
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around the ι = 0.6 surface decreases once as the external
RMP amplitude increases. Here, it should be noted that
the poloidal flow speed shown in Fig. 7 (d) is for ι ∼ 0.6,
because the flow speed around ι = 1 is not measured due
to high density discharges. Then, the effect of the poloidal
flow speed on the stabilization of “Edge instability” is not
clear. It is one of the future subjects.

4. Summary and Conclusion
We experimentally investigate the effect of the ex-

ternal RMP on “Edge MHD instability” in the LHD,
which has a tearing-parity in the mode structure and in-
duces the large degradation of plasma confinement prop-
erty. The characteristics are quite different from resistive
interchange instability which is often observed in the LHD
discharges. We impose the static m/n = 1/1 external
RMP, which does not rotate and has constant amplitude
and phase during a discharge, on plasmas with “m/n = 1/1
edge instability” and change the RMP amplitude in every
discharge. We compare the RMP effect on “Edge MHD in-
stability” with that on resistive interchange instability un-
der the same magnetic configuration and heating condition
but different line-averaged electron density and volume-
averaged beta value.

As the common response of “Edge instability” with
resistive interchange instability to the external RMP, we
obtain the following results. As the external RMP in-
creases, both magnetic field and electron density fluctu-
ation amplitude, which indicates the degree of the insta-
bility, decreases. Moreover, the beta gradient around the
resonant surface, which is a driving source of a pressure
driven instability, is kept almost equal to or larger than
that in the discharges, without applying the external RMP.
As a different behaviour on the response of “Edge insta-
bility” to the external RMP from resistive interchange in-
stability, we obtain the following results. In “Edge insta-
bility”, the relatively strong external RMP makes the de-
creasing rate of the fluctuation amplitude of the magnetic
field and electron density become larger. On the contrary,
both fluctuation amplitude decreases monotonically in the
resistive interchange instability. The reason for the change
in the decreasing rate of the fluctuation amplitude is that
“Edge instability” occurs intermittently. That means that
both large fluctuations of the magnetic field and electron
density appear intermittently, and the ratio of the duration
time of appearance of the large fluctuation to the time win-
dow for the analysis decreases as the external RMP am-
plitude increases. Moreover, when the external RMP is
relatively strong, the confinement performance improves
more clearly than in discharges where the large fluctuation
appears continuously.

From the above results, applying the external RMP
can suppress “Edge instability”, which has a tearing-parity
in the mode structure, as well as resistive interchange in-
stability, which has an interchange-parity. However, the

response of the two instabilities is different. The stabiliza-
tion mechanism of “Edge instability” by the external RMP
has not been understood yet, nor has that of resistive in-
terchange instability. So, to resolve the mechanism is our
main subject in the near future.
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