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Island effects on the plasma periphery due to the external perturbation fields in the Tohoku University Heliac
(TU-Heliac) were surveyed. A fixed m = 3 magnetic island was produced by two pairs of external cusp field
coils. The electron density decayed from the outer edge of the island after perturbation field application. Radial
profiles of the electron temperature and plasma space potential in the island region revealed the magnetic island
structure. The radial electric field at the inner edge of the island increased after perturbation field application. The
positions of local maxima in the plasma space potential profile were in good agreement with the position of the
n/m = 5/3 rational surface. The potential profile in the island grew with the perturbation field strength. The full
width at half maximum of the potential profile depended on the square root of the perturbation field coil current.
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1. Introduction
Study of magnetic island effects on a plasma periph-

ery is important for realizing a fusion reactor, because it
is expected to lead to advanced control methods for edge
plasma in the reactor. It is particularly important to know
the island effects on the plasma periphery in order to con-
trol the edge-localized mode in ITER [1]. For the re-
search on island effects in edge plasma, the Tohoku Uni-
versity Heliac (TU-Heliac) has the following advantages:
(1) The rotational transform profile can be changed by se-
lecting the ratio of coil currents: (2) island formation can
be controlled by externally perturbation field coils: and
(3) the radial electric field and particle transport can be
controlled externally by electrode biasing [2]. In the TU-
Heliac, an improved mode transition has been triggered
by electrode biasing using a hot cathode made of LaB6.
The driving force for a plasma poloidal rotation J × B was
externally controlled, and the poloidal viscosity was suc-
cessfully estimated from the external driving force [2, 3].
Therefore, electrode biasing has advantages for the forma-
tion of the radial electric field and making a flow in plasma
surrounded by magnetic islands to study the island effect
on plasma flow. In recent experiments, the ion viscosity
in biased plasma with islands was roughly estimated. The
result suggested that the poloidal viscosity increased with

author’s e-mail: sumio.kitajima@qse.tohoku.ac.jp

increasing magnetic island width [4]. Therefore, it is ex-
pected that plasma poloidal rotation will be driven by the
poloidal rotation of the island [5].

It is important to understand the controllability of the
poloidal viscosity by the external torque and the relation-
ship between radial transport and island width utilizing the
advantage that a Heliac device has the flexibility in config-
urations. The purpose of this experiment is to survey mag-
netic island development and the degradation of the plasma
peripheral pressure or the degradation of radial transport
during the application of an external magnetic perturba-
tion.

2. Experimental Setup
2.1 TU-Heliac

The TU-Heliac is a four-period heliac (major radius,
0.48 m; average plasma radius, 0.07 m). The heliac con-
figurations were produced by three sets of magnetic field
coils: 32 toroidal field coils, a center conductor coil, and
one pair of vertical field coils, as shown in Fig. 1. Three
capacitor banks consisting of two-stage pulse-forming net-
works separately supplied coil currents of 10-ms flat top
duration. The target plasma for the external perturbation
fields was He plasma produced by low-frequency joule
heating ( f = 18.8 kHz, Pout ∼ 35 kW). The joule heating
power was supplied to one pair of poloidal coils wound
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Fig. 1 Bird’s eye-view of TU-Heliac. Four pairs of upper and
lower external perturbation field coils are located at the
toroidal angles φ = 0◦, 90◦, 180◦ and 270◦.

outside the toroidal coils. The vacuum vessel was filled
with a fuel of neutral He gas and sealed from the evac-
uation system before every discharge. The electron den-
sity and temperature measured by a Langmuir probe (triple
probe) were∼ 1× 1018 m−3 and∼ 20 eV, respectively, at the
magnetic axis, and the magnetic field strength at the axis
was 0.3 T.

2.2 External perturbation coils
In this experiment, we adopted a magnetic configura-

tion that has a rational flux surface (n/m = 5/3) at ρ ∼ 0.5
by selecting the coil current ratio. The rotational transform
profile is shown in Fig. 2. We searched for an efficient set-
ting for the perturbation coils for generating islands (m =
3). We chose four pairs of upper and lower external pertur-
bation field coils located at the toroidal angles φ = 0◦, 90◦,
180◦ and 270◦ and generated a cusp field at each toroidal
angle, as shown in Fig. 1. We have explored the possi-
bility of the poloidal rotation of islands by changing the
phase of each perturbation coil current [5]. In this experi-
ment, to study the island structure located at fixed poloidal
positions, we used only two pairs of external perturbation
field coils at the toroidal angles φ = 90◦ and 270◦. There-
fore, the m = 3 magnetic island did not rotate along the
poloidal direction. We optimized the perturbation fields to
resonate only the n/m = 5/3 rational surface. Slight effects
of the other mode components (n/m = 8/5, n/m = 12/7) in
the field remained in our configuration. An external per-
turbation field coil current Iex of up to 3.6 kAT flowed in
each coil producing the radial component of the perturba-
tion field Br/ B0 = 5.7× 10−3 at the positions on the ra-
tional surface (n/m = 5/3) closest to the perturbation field
coil. Here B0 is the magnetic field strength at the magnetic
axis. The magnetic surfaces at the toroidal angle φ = 0◦ are
shown in Fig. 2. The perturbation field coil current Iex was
three times greater than that in the previous rotating island
experiment [5].

Fig. 2 Rotational transform profile and magnetic surfaces with
m = 3 islands.

3. Experimental Results
3.1 Electron density profile

The typical time evolutions of plasma parameters at
the O-point in the island are shown in Fig. 3. The elec-
tron density, electron temperature and space potential were
measured by a high-speed triple probe [6, 7]. An external
perturbation field was added at t = 5 ms. The perturbation
coil current Iex increased exponentially with time because
of the inductive component of the perturbation field coils.
After the perturbation field was applied, gradual changes
appeared in electron density, electron temperature and fluc-
tuation signals in the ion saturation current and the floating
potential.

We measured the radial profiles of electron density
by scanning the triple probe on the equatorial plane from
the low-field side in the magnetic configuration shown in
Fig. 2. We can measure the density profile across the O-
point in the m = 3 island. A two-dimensional plot of the
radial profiles is shown in Fig. 4, in which the vertical and
the horizontal axes indicate the radial position and the du-
ration, respectively, of plasma production (0 < t < 10 ms).
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The rational surface (n/m = 5/3), the magnetic axis, and
the lasted closed flux surface (LCFS) are located at R =
82, 112, and 125 mm, respectively. The m = 3 island was
located at 109 mm < R < 114.5 mm. R = 0 mm indicates
the center of the cross section of the center conductor coil.
The electron density decreased at the outer edge of the is-
land after the perturbation field was applied. An external
perturbation field was added at t = 5 ms. However, Fig. 5
shows that 75% of the electron density before perturbation
field application remained in the island region. Before per-
turbation field application we can observe a slight density

Fig. 3 The typical time evolution of the electron density, elec-
tron temperature, space potential, fluctuation signals in
the ion saturation current and the floating potential and
the external perturbation coil current.

Fig. 4 Radial profiles of the electron density. Vertical and the horizontal axes indicate the radial position and the duration, respectively,
of plasma production (0 < t < 10 ms).

flattening in the island region in Fig. 5. One of the reasons
is the natural island made by the error field without the ex-
ternal perturbation fields.

3.2 Electron temperature and space poten-
tial profile

Figure 6 shows the radial profile of the electron tem-
perature and plasma space potential. Both had local max-
ima in the island region (109 mm < R < 114.5 mm) after
perturbation field application. The radial electric field at
the inner edge of the island (109 mm < R < 112 mm) in-
creased after perturbation field application. In contrast to
the density profile the potential profile tended to have the
same value at the inner and outer edges of the island be-
cause of a short-circuit in the magnetic lines of force.

Fig. 5 Radial profile of electron density. The m = 3 island is
located in the region 109 mm < R < 114.5 mm.
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Fig. 6 Radial profiles of electron temperature and plasma space
potential.

Fig. 7 Radial profiles of the plasma space potential. Perturba-
tion field was applied at t = 5 ms.

A detailed time evolution of the radial profile of the
plasma space potential is shown in Fig. 7. The profile
spread with the increase in the perturbation field. The per-
turbation coil current Iex increased depending on time. The

Fig. 8 Relationship between the full width at half maximum
(FWHM) of the potential profile and the external pertur-
bation coil current.

positions of the peaks in the profiles are in good agreement
with the position of the n/m = 5/3 rational surface.

The full width at half maximum (FWHM) of the po-
tential profiles in Fig. 7 is shown in Fig. 8. The FWHM was
estimated from a profile that was modified by subtracting
the base part from the original potential value in the island
region.

Figure 8 clearly shows that the full width at half max-
imum (FWHM) of the potential profile depends on the
square root of the perturbation field coil current Iex. It
is considered that island width is linearly proportional to
the square root of the radial component in the perturbation
field. These results provide information about requirement
of the strength of the perturbation field, and the develop-
ment of the island structure followed the time-variant per-
turbation field.

4. Summary
We surveyed the island effects on the plasma periph-

ery caused by the external perturbation fields in the TU-
Heliac. We produced a fixed m = 3 magnetic island (not
rotating) by two pairs of cusp field coils. The electron den-
sity decayed from the outer edge of the island after pertur-
bation field application, which suggests the degradation of
radial transport. Radial profiles of the electron temperature
and plasma space potential in the island region showed the
magnetic island’s structure, revealing that the potential was
constant along the magnetic field lines. The radial electric
field at the inner edge of the island increased after pertur-
bation field application. The potential profile in the island
grew with the square root of the perturbation field strength.
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