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Abstract
Magnetic islands are formed at the plasma edge in Heliotron J, a stellarator/heliotron device, by
controlling the rotational transform, and the effect of the magnetic islands on the poloidal flow
profile was investigated using a Q-band Doppler reflectometer. Comparative measurements were
performed for the magnetic configurations with magnetic islands at the plasma edge, referred to
as ‘island configuration,’ and those without the magnetic islands, referred to as ‘non-island
configuration.’ In all configurations, poloidal flow in the electron diamagnetic direction was
observed at the edge in electron cyclotron heated plasmas. In the non-island configuration, the
sheared flow maximum was inside the last closed flux surface (LCFS), whereas in the island
configuration, the sheared flow was formed around the magnetic island independent of the
LCFS position, and increases in electron temperature, Te, and density, ne, were observed at the
edge. The fine control of the magnetic island position around the LCFS shows that the poloidal
flow structure, particularly the flow shear position, correlates with the position of magnetic
islands. An increase in Te and ne is observed at the edge only when the magnetic islands are
located outside the LCFS. These results indicate that the edge magnetic islands are a possible
means to control the poloidal flow shear position and the edge plasma parameters.

Keywords: edge magnetic island, doppler reflectometry, poloidal flow, Heliotron J

1. Introduction

It is believed that magnetic islands influence the plasma profile
and performance in magnetically confined plasmas [1–8]. The
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plasma confinement is known to be affected by the magnetic
island placed in the confinement region in the absence of mag-
netic shear [1, 2, 5, 8]. It is also demonstrated that the mag-
netic islands, even with magnetic shear, play an important
role in core transport in a medium-sized stellarator/heliotron
device, U-3M [9]. Low-order rational surfaces can also affect
core confinement and transport [10–12]. For example, a low-
order rational number of rotational transform can benefit elec-
tron heat transport in TJ-II [13]. It is theoretically considered
that it should modify plasma flows in non-axisymmetric tor-
oidal devices [14]. It has been reported that the magnetic
islands with finite magnetic shear have a role in the internal
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transport barrier in both tokamaks and stellarator/heliotron
devices [15–21] and the transition to H-mode in stellarat-
or/heliotron devices [22–25]. These phenomena are correlated
with local changes in poloidal flow and the formation of flow
shear around magnetic islands. A vortex-like flow structure is
observed near the O-point when the magnetic island is wide
in LHD [6]. A W-shaped flow structure inside the magnetic
island and a decrease in the electron density fluctuation, ñe,
level have been observed around the magnetic island at W7-
X [26]. A local change in the poloidal flow structure and ñe
level around the magnetic island has been observed in several
tokamaks and stellarator/heliotron devices [27–29]. The pol-
oidal flow structure is important in determining the effect of
the magnetic island on the plasma profile and performance.

In a rotational transform scan experiment with magnetic
islands inW7-X, the plasma performance was found to change
with the radial position of the magnetic islands [30]. When
5/5 magnetic islands were located inside and near the last
closed flux surface (LCFS), the plasma confinement was
improved, and a notable increase in the electron temper-
ature was observed around the magnetic island. Rotational
transform scan experiments related to the H-mode have also
been performed in the stellarator/heliotron device, Heliotron J
[23], and the enhancement factor HISS95 (=τE

exp/τE
ISS95 where

τE
exp and τE

ISS95 are the experimental global energy confine-
ment time and confinement time scaling from the international
stellarator database, respectively), was observed to be high
when the ι/2π(a) values are slightly less than n/m = 4/8, 4/7,
12/22, where n andm are the toroidal and poloidal mode num-
bers, respectively. Note that n should be a multiple of 4 due
to the toroidal pitch number of the helical coil. These results
indicate that the magnetic islands and the rotational transform
influence the plasma profile and performance, although the
mechanism is not yet understood.

In this study, to investigate the influence of the magnetic
island on the local plasma profile, the poloidal flow was meas-
ured in magnetic configurations with magnetic islands near
the LCFS (island configuration) and those without the mag-
netic island (non-island configuration) plasmas in Heliotron J.
A flexible rotational transform scan in Heliotron J can control
the vacuum edge magnetic islands that form either the island
or non-island configuration. This paper presents the experi-
mental results on the influence of the edge magnetic islands
on the poloidal flow, u⊥, structure, and the local plasma pro-
file in Heliotron J.

The remainder of this paper is organized as follows. The
experimental setup is described in section 2, and the experi-
mental results about the plasma profiles and u⊥ structures are
shown in section 3. Discussions about the electron density pro-
file changes in the magnetic island are provided in section 4.
The conclusion is given in section 5.

2. Experimental setup

Heliotron J is a medium-sized plasma experimental stellar-
ator/heliotron device [31, 32]. Its main parameters are the
plasma major radius, R = 1.2 m; averaged minor radius,

a = 0.1–0.2 m; and magnetic field strength on the axis of
B0 ⩽ 1.5 T. The coil system of Heliotron J consists of a helical
coil, two types of toroidal coils, and inner and outer vertical
coils. Because each coil can independently change the current
ratio, Heliotron J has a high flexibility on the magnetic con-
figuration. This allows us to control the rotational transform
finely, generate vacuum magnetic islands, and scan their posi-
tions. A magnetic well (∼1.5%) is formed in the entire plasma
region.

In our experiment, the vacuum rotational transform
at magnetic axis, ι/2π(0), was scanned in the range
0.465 ⩽ ι/2π(0) ⩽ 0.599 to form n/m = 4/8 magnetic islands
in the plasma edge region. The magnetic shear in these con-
figurations is weak. Plasma is generated and heated by the
second harmonic X-mode ECH at 70 GHz. In this paper, all
plasmas were heated by ECH injection perpendicular to the
magnetic axis to avoid the current drive, with an injection
power PECH = 0.25 MW and an injection time of 0.14 s. The
plasma current was up to 0.8 kA, which may have a weak
effect on the position of the magnetic islands. A neoclassical
calculation for bootstrap current, which is the main compon-
ent in the experiment reported here, showed that the bootstrap
current density profile had a radial peak at ρ ∼ 0.5 and the
current density was very low at the peripheral region [33].
A VMEC calculation of rotational transform including the
plasma current for a non-island configuration showed that
the change in rotational transform around LCFS was weak at
ι(0)/2π = 0.48 and the bootstrap current of 1.5 kA [34]. Edge
profile measurement in an island configuration also showed
that edge plasma parameters such as Te and ne had a spatial
structure according to a vacuum magnetic island [35]. Precise
study is left in future to determine the effect of plasma current
on the edge magnetic island.

The energy stored in the plasma, toroidal current, and line-
averaged electron density are measured using a diamagnetic
loop, Rogowski coils, and a 130 GHz microwave interfero-
meter, respectively. The electron density, ne, and temperat-
ure, Te, profiles are obtained by a Thomson scattering (TS)
system with temporal and spatial resolutions of ∆t = 20 ms
and ∆r ≒ 0.01 m, respectively. The cross-section of the TS
laser path is different from that of the reflectometer wave path.
The averaged minor radius for Te and ne profiles is calculated
using the KMAG code data [31, 36]. The plasma beta is so
low, ∼0.1%, that we may neglect the beta effect on ρ. The
spatial resolution in normalized minor radius ∆ρ is approx-
imately 0.07, although it varies slightly because of the change
in plasma shapes as the magnetic configuration changes. The
TS laser trajectory crosses a magnetic island at the low mag-
netic field side in the island configurations. However, since the
measurement point is just one inside the magnetic island, it is
hard to identify the island structure in Te and ne profiles.

The experimental results on poloidal flow presented in this
studywere obtained using aDoppler reflectometer (DR). DR is
a uniquemeasurement technique that combines themicrowave
cut-off and the backscattering caused by the electron density
fluctuation. TheDR canmeasure the intensity of electron dens-
ity fluctuation and its propagation velocity u⊥ in the plasma.
The u⊥ measurement using a DR has been performed in both
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tokamaks and stellarator/heliotron devices [26, 37, 38]. The
u⊥ obtained by DR is the sum of the phase velocity vph and the
background E × B drift velocity vE×B, expressed as u⊥ = vph
vE×B. If vph ≪ vE×B as assumed in [37], then u⊥ might be put
in relation with the radial electric field as Er = u⊥B, where B
is the absolute value of the magnetic field. However, because
the u⊥ measurement in this study was performed around the
magnetic island, u⊥ was used instead of Er to account for the
contribution of the magnetic island to the plasma flow [26].

A Q-band (33–50 GHz) DR system working in X-mode
polarization was used to measure the u⊥ structures in
Heliotron J [39]. This system was installed at the corner
section of the Heliotron J, where the mod B contour has a
tokamak-like shape. Here, the mod B contour means the con-
tour of themagnetic field strength in the poloidal cross-section.
Two antennas for transmitting and receiving, and a focusing
mirror were installed inside the vacuum vessel. The angle of
the probing beam incidence was fixed at 15◦ based on the
normal vector of the LCFS in the standard configuration. In
typical ECH plasmas of Heliotron J, the DR can measure
the radial position 0.85 ⩽ ρ ⩽ 0.97 and the perpendicular
wave number 1.56⩽ k⊥ ⩽1.66 cm−1 at ne = 1.0× 1019 m−3.
Because the saturation-type I/Q detector was used in the sys-
tem to amplify and saturate the input IF signal, the Doppler-
shifted frequency could be obtained even if the reflected
wave intensity was low. However, because the IF signal
was saturated, the electron density fluctuation level, ñe, was
unavailable.

To estimate the DR measurement position ρ and the per-
pendicular wavenumber k⊥, the fitting curves of the electron
density profiles obtained from the TS system and ray-tracing
calculations with the TRAVIS code [40] were used. Since
TRAVIS works on the magnetic field provided by the equilib-
rium code, VMEC [41], which cannot treat a magnetic island,
ray-tracing calculations were performed using a similar mag-
netic configuration but without the magnetic island on the DR
line of sight for island configurations. In this magnetic con-
figuration, as the magnetic field strength profile on the DR
line of sight was almost the same as that of the magnetic con-
figuration with the magnetic islands, it was considered that
there was no significant change in the DR measurement pos-
ition. For non-island configurations, the VMEC equilibrium
generated by the KMAG code output with the same coil set-
ting is used. Here, we expect density profiles on the DR line
of sight not to be significantly different from the TS profiles.
Moreover, as discussed in section 3, the initial analysis of u⊥
was performed assuming a non-flat ne profile inside the mag-
netic islands. However, because a flat ne profile in themagnetic
islands is possible, we will discuss such a case related to the
measurement position of the DR in section 4.

3. Experimental results

3.1. Plasma profiles with and without magnetic island

First, comparative profile measurements were conducted in
an island configuration and two non-island configurations to
investigate the effect of the magnetic islands on the plasma

Figure 1. (a) Rotational transform profiles of the island
configuration (red symbol) and non-island configurations (blue and
black symbols). (b) Connection length profiles for each
configuration.

profiles. The rotational transform and connection length pro-
files are shown in figure 1. The connection length Lc is defined
as the path length of the magnetic field line from the starting
point to the two termination points on the vacuum chamber
surface in the clockwise and counterclockwise toroidal direc-
tions. It is numerically obtained by tracing the magnetic field
lines and integrating the length using the KMAG code. The
LCFS is defined as the LCFS at which the connection length
is infinite. Since it should be ideally infinite within the LCFS,
the calculation is terminated when the condition Lc > 500 m
is satisfied [42]. Outside the LCFS, Lc is finite, and the tracing
calculation is terminated when a magnetic field line touches
a vacuum wall surface. In the case of the island configuration
of ι/2π(0) = 0.481, the magnetic islands were located outside
the LCFS; therefore, the magnetic island region was excluded
from the confinement region. The plasma volume is determ-
ined by the LCFS, which has the normalized minor radius,
ρ= 1, and changes depending on whether the magnetic island
is included. The magnetic field strength and plasma volume
were almost similar in these three configurations at 1.24 T and
0.96 m3, respectively. When the magnetic island was excluded
from the plasma confinement region in the island configura-
tion, the plasma volume was 0.72 m3. Figure 2(a) shows an
example of the time evolution of an ECH plasma discharge at
the ι(0)/2π = 0.599 configuration. In all configurations, the
plasma current flows in the toroidal direction that makes the
rotational transform increase. The time evolution of plasma
current is similar, that is, it monotonically increases in time,
and almost saturates at the poloidal flow measurement tim-
ing, although it fluctuates a little shot by shot with an error
of+-20%. The line-averaged electron density is controlled by
adjusting gas-puff fuelling so that the density is almost con-
stant at the poloidal flow measurement timing. The neutral
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Figure 2. Time evolution of (a) discharge waveform, (b)
spectrogram obtained from DR, and (c) Doppler-shifted frequency
obtained from a center-of-gravity method at ι(0)/2π = 0.599
configuration.

beam injection (NBI) is used at the end of the discharges
for another experimental purpose, and we do not use the pol-
oidal flow data during the NBI. A fluctuation of 1–10 kHz is
observed in this configuration, while no such clear fluctuation
is observed in the other configurations reported in this paper.
The spectrogram obtained by the DR and the time evolution
of the Doppler-shifted frequency estimated by the center-of-
gravity method are shown in figures 2(b) and (c), respectively.
The plasma profiles were measured at 250 ms and 270 ms.
During this period, the plasma was in a quasi-steady state in
which the line-averaged electron density n̄e was approximately
1.0× 1019 m−3. However, the Doppler-shifted frequency fluc-
tuated during this period, which may be caused by the changes
in the ne profile. As many such cases were observed in the
experiments, the u⊥ analysis was performed only when the ne
profile was approximately the same. In the case of the shot in
figure 2, the u⊥ analysis was performed at 270 ms.

The Te and ne profiles for these three configurations are
shown in figure 3. The red symbols denote the measure-
ment results for the island configuration, and the blue and
black symbols denote those for the non-island configurations.
Compared to the results for the non-island configurations, an
increase in Te and ne was observed for ρ= 0.5–1.0 in the island
configuration. The increase in Te and ne was more pronounced
around ρ = 0.6–0.7 and 0.9–1.0, with differences of 0.2 keV
and 0.6 × 1019 m−3, respectively. In the non-island configur-
ation, the local maximum value in the ne profile was located
at approximately ρ= 0.6, whereas in the magnetic island con-
figuration, it was located farther out, at approximatelyρ= 0.8.
In the island configuration, the Te and ne gradients at the edge
region were more than twice as large as those in the non-island
configuration. The Te and ne profile shapes at ι(0)/2π = 0.481
configuration depend on whether the magnetic island is loc-
ated inside the LCFS or not. If we assume that the mag-
netic island is located inside the LCFS, the possible max-
imum change in ρ is 0.1. Even for such a change, the edge Te

is higher than in the other configuration cases. The electron

Figure 3. Te and ne profiles of the island configuration (red marker)
and non-island configurations (blue and black marker).

Figure 4. Radial u⊥ structure of the island configuration (red
marker) and non-island configurations (blue and black marker)
obtained by DR.

kinetic energy estimated from the TS data, Wpe, within the
LCFS is 0.50, 0.92, and 0.75 kJ for ι(0)/2π = 0.465, 0.481,
and 0.599 configurations, respectively, and the stored energy
measured with the diamagnetic loop,Wp, is 0.97, 0.95, 0.85 kJ
for ι(0)/2π = 0.465, 0.481, and 0.599 configurations, respect-
ively. It should be noted that the Wp data are rather scattered
due to a coil ripple noise in this experiment. The finite pres-
sure outside the LCFS might affect the total electron kinetic
energy.

Figure 4 shows the radial u⊥ structure obtained by the DR
for the three configurations. The red circle symbol denotes the
results for the island configuration, and the blue and black
symbols denote those for the non-island configurations. The
range of k⊥ measured with the DR was 3–7 cm−1. A negative
u⊥ corresponds to the flow in the electron diamagnetic dir-
ection. Negative u⊥ with a negative shear, du⊥/dρ < 0, was
observed at the peripheral region for all configurations. Here
we define the peripheral region as 0.8 ⩽ ρ ⩽ 1.1. The max-
imum u⊥ shear, dln u⊥/dρ is 34 ± 6, 14 ± 4, and 38 ± 1 at
u⊥∼ 0.6 km s−1, and du⊥/dρ/a is−100± 20,−40± 10, and
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Figure 5. (a) Rotational transform profiles of the three island configurations. (b) Connection length profiles around the DR line of sight in
each configuration. The black line shows the DR line of sight, and the green line shows the LCFS. The yellow color indicates values above
1000 m.

−110± 3 1 s−1 for ι(0)/2π = 0.465, 0.481, and 0.599 config-
urations, respectively. Although the measurement point was
not enough in the island configuration to discuss the entire u⊥
structure, a flat u⊥ structure was observed in the positive u⊥
region at approximately ρ= 0.8. The points where u⊥ changed
from positive to negative were around ρ = 0.92 in the island
configuration and around ρ = 0.88 in the non-island config-
uration. The position where the u⊥ shear is the maximum is
more outwardly located in the island configuration than in the
non-island configuration. These results suggest that the mag-
netic islands influence the local u⊥ structure. The maximum
value of the u⊥ shear was larger for the non-island configur-
ation than for the island configuration. These results suggest
that the influence of the position of the sheared flow on the Te

and ne profiles was more significant than that of the intensity
of the sheared flow. The u⊥ and its shear are small, the order
of 1 km s−1 and 100 1 s−1, respectively. This flow shear is
very small in comparison with typical turbulence frequencies,
so that an effect on transport via turbulence shearing seems
weak. The W-shaped shearing flow structure inside the mag-
netic island, which was observed in TJ-II [28] andW7-X [26],
could not be observed clearly because of an insufficient num-
ber of data points in the magnetic island region.

3.2. Effect of magnetic island position on plasma profiles

To discuss the effect of the magnetic island position on the
plasma profile, comparative profile measurements were con-
ducted by finely controlling the magnetic island position in
the radial direction near the LCFS. The rotational transform
profiles and the connection length profiles around the DR line
of sight are shown in figures 5(a) and (b), respectively. The
DR line of sight (black line) and LCFS (green line) are also
shown in figure 5(b). The DR measures near the X-point of

the magnetic island. In one of the three island configurations,
the n/m = 4/8 magnetic island was outside the LCFS, which
is the same configuration as described in section 3.1 as the
island configuration corresponding to ι(0)/2π = 0.481 and
referred to as the ‘0.481 configuration.’ In the other config-
urations, ι(0)/2π = 0.491 and ι(0)/2π = 0.495 (referred to as
the ‘0.491 configuration’ and ‘0.495 configuration,’ respect-
ively), the n/m = 4/8 magnetic islands were inside the LCFS.
The plasma profiles are measured in a quasi-steady state, with
Wp ∼ 1.0 kJ and n̄e ∼ 1.0× 1019 m−3, similar to the measure-
ments discussed in section 3.1.

The Te and ne profiles for the three configurations are
shown in figure 6. The red symbol denotes the measurement
results for the 0.481 configuration, and the green and orange
symbols denote those for the 0.491 and 0.495 configurations.
Note that the density obtained from the fitting curve was not
zero at ρ = 1.0 in the 0.481 configuration with the magnetic
island outside the LCFS because the magnetic island was loc-
ated outside the LCFS at ρ = 1.0–1.1. The magnetic island
was located at ρ = 0.83–0.95 and 0.77–0.92 in the 0.491
and 0.495 configurations, respectively. Similar to the results
in section 3.1, in the 0.481 configuration, compared to the
0.491 and 0.495 configurations, an increase in Te and ne was
observed at ρ = 0.5–1.0. The large gradient region of the ne
profile was radially shifted outside the plasma, and the Te and
ne gradients at the edge region were more than twice as large
as those in the 0.491 and 0.495 configurations. The electron
kinetic energy, Wpe, within the LCFS is 0.92, 0.67, 0.68 kJ
for ι(0)/2π = 0.481, 0.491, and 0.495 configurations, respect-
ively, and the stored energy measured with the diamagnetic
loop, Wp, is 0.85, 0.84, 0.99 kJ for ι(0)/2π = 0.481, 0.491
and 0.495 configurations, respectively. It should be noted that
Wp data are rather scattered due to a coil ripple noise in this
experiment, similar to the experiment in section 3.1. The finite
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Figure 6. Te and ne profiles of the island configurations with the
magnetic island outside the LCFS (red marker) and inside the LCFS
(green and orange marker).

Figure 7. Radial u⊥ structures of the island configurations with the
magnetic island outside the LCFS (red marker) and inside the LCFS
(green and orange marker) obtained by DR. The arrows show the
magnetic island in the corresponding magnetic configuration.

pressure outside the LCFS might also affect the total electron
kinetic energy.

Figure 7 shows the radial u⊥ structure obtained by the DR
for the three configurations. The range of k⊥ measured with
the DR was 3–8 cm−1. Negative u⊥ and negative u⊥ shears
were observed in the peripheral regions for all the configura-
tions. The u⊥ shear was observed around the magnetic island,
regardless of the LCFS position. The maximum u⊥ is similar
for all configurations, u⊥ = − 1.2, −1.1 and −0.8 km s−1

for ι(0)/2π = 0.481, 0.491, and 0.495 configurations, respect-
ively, The maximum u⊥ shear, dln u⊥/dρ is 14 ± 4, 40 ± 10,
and 13 ± 3 at u⊥∼ 0.6 km s−1, and du⊥/dρ/a is −40 ± 10,
−110 ± 30, and −30 ± 8 1 s−1 for ι(0)/2π = 0.481, 0.491
and 0.495 configurations, respectively. Therefore, tuning the
position of the magnetic island could be a unique technique
to control the u⊥ shear position. The largest u⊥ shear was
observed in the 0.491 configuration; however, there was no
significant change in the Te and ne profiles compared to those
in the 0.495 configuration, which exhibited a smaller u⊥ shear.
Furthermore, comparing the Te and ne profiles in the 0.481 and
0.491 configurations, which had similar u⊥ shear intensities,

showed that the Te and ne profiles in the 0.481 configuration
changed significantly, suggesting that the influence of the pos-
ition of u⊥ shear on the Te and ne profiles was more significant
than that of its intensity.

4. Discussion

The initial analysis of u⊥ was performed assuming a non-
flat ne profile inside the magnetic islands in section 3. In
this section, we evaluate and discuss the errors in the radial
position ∆ρ and perpendicular wavenumber ∆k⊥ under the
assumption of a flat ne profile in the magnetic islands.

The ∆ρ values evaluated from ray-tracing calculations
using flat ne profiles were 0.135, 0.054, and 0.093 for the
island configurations of ι(0)/2π = 0.481, ι(0)/2π = 0.491, and
ι(0)/2π = 0.495, respectively. The u⊥ shear position shifted
towards the magnetic island boundary, and the u⊥ shear was
formed near the magnetic boundary. This result suggests that
the u⊥ structure is related to the magnetic island position, even
if the ne profiles caused by themagnetic islands are considered.
In all configurations, the measurement points were concen-
trated near the magnetic island boundary under the assumption
of flat ne profiles. This is probably why the W-shaped shear-
ing flow structure observed at W7-X was not observed in these
cases.

The maximum values of ∆k⊥ were 1.097, 0.415, and
0.555 cm−1 for the island configurations of ι(0)/2π = 0.481,
ι(0)/2π = 0.491, and ι(0)/2π = 0.495, respectively. The rel-
ative errors in ∆k⊥ were up to 10%. In these k⊥values,
because the poloidal wavenumber, k⊥ρi, was approximately
1.0, it is believed that the DR measures the ITG/TEM-driven
turbulence [43–45].

The u⊥ structure measurements described in this study
were based on the ray-tracing calculations using the TRAVIS
code. Because the equilibrium codeVMECcannot treat amag-
netic island, ray-tracing calculations were performed using the
magnetic configuration in which the LCFS shape and mag-
netic field strength profiles are nearly identical, but no mag-
netic islands exist. Therefore, the magnetic island structure
could not be accurately considered, particularly when estim-
ating k⊥. The injected microwave beam crosses the magnetic
island near the X-point. Since the injected microwave beam in
the DR system has a beam width of about 30 mm, the detec-
ted signal may include the poloidal flow structure inside the
magnetic island. Thus, for example, if we assume the pres-
ence of a nested magnetic surface inside the magnetic island,
the poloidal flow may be inverted before and after crossing
the center of the magnetic island. However, the measurement
result described in this study, which shows that the flow direc-
tion is constant inside the magnetic island, is consistent with
the flowmeasurement results inW7-X [26]. Detailedmeasure-
ments inside the magnetic islands are an issue for the future.

While the rotational transform in vacuum is estimated using
the field line tracing calculation code, KMAG, it is not exper-
imentally available due to the lack of related diagnostics. We
set up magnetic configurations by carefully choosing each coil
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current based on the field line tracing calculation. Previous
experiments, such as the magnetic field scan for ECH/ECCD
[46] and the fluctuation measurement inside the edge mag-
netic islands [35] show that the magnetic field is set up in the
experiment well as the calculation. However, the effect of non-
inductive current and finite pressure should be further stud-
ied for more accurate analysis, which may affect the magnetic
field structure.

5. Conclusion

Comparative profile measurements were performed for mag-
netic configurations with and without vacuum magnetic
islands at the plasma edge in Heliotron J to investigate the
influence of magnetic islands on the local plasma profile.
Negative u⊥ (electron diamagnetic direction flow) and neg-
ative u⊥ shear were observed in the peripheral region in ECH
plasmas for all magnetic configurations considered. The pos-
ition where the sign of u⊥changes and the u⊥ shear is the
maximum was shifted more towards the island position in
the island configuration than the corresponding positions of
the u⊥ structure in the non-island configurations. An increase
in Te and ne was observed for ρ = 0.5–1.0 in the island
configuration.

To investigate the effect of the magnetic island position on
the plasma profile, comparative profile measurements were
conducted by finely controlling the magnetic island position
in the radial direction around the LCFS. Negative u⊥ and neg-
ative u⊥ shears were observed in the peripheral region in ECH
plasmas for all the magnetic configurations. u⊥ shear was
observed inside the magnetic island regardless of the LCFS
position. Compared to the values for the island configura-
tions with the magnetic island located inside the LCFS, an
increase in Te and ne was observed for ρ = 0.5–1.0 in the
island configuration with the magnetic island located outside
the LCFS. These results indicate that the magnetic island out-
side the LCFS affects the Te and ne profiles for middle-range
radii (ρ = 0.5–1.0).

These results indicate that the edge magnetic islands are a
possible means to control the poloidal flow shear position and
that the island location affects the core transport. Although the
effect of magnetic islands on shear flow was studied experi-
mentally and theoretically [47–49], we need further investig-
ation of the edge magnetic islands to understand the role in
confinement and transport. For more detailed measurements
of the ñe level and u⊥ inside the magnetic islands, we plan to
install a frequency comb DR system that can operate at mul-
tiple frequencies. Measurements and analysis inside the mag-
netic island are a work in progress.
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