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Identification of magnetic islands in Heliotron J experiments
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The equilibrium response on the magnetic island produced by external perturbed coils is studied in a He-
liotron J plasma. In order to identify the equilibrium response, the magnetic diagnostic system is developped.
This system consists of two parts. One is the diagnostic system based on the toroidal array of the magnetic probe.
Another is a numerical code based on the 3D MHD equilibrium calculation code. Using the diagnostic system,
the perturbation field friven by the equilibrium response is identified.
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1 Introduction

Generating and keeping clear flux surfaces are an aim of
magnetic confinement researches, because magnetic is-
lands and stochasticity of magnetic field leads the degra-
dation of the confinement connecting and overlapping filed
lines. In tokamaks, the degradation of the confinement due
to generating islands like the locked mode and neoclassical
tearing mode (NTM) were observed and studied [1, 2]. The
same degradations is also observed in helical system [3].
Thus, understanding and controlling of island dynamics
are urgent and critical issues to aim the fusion reactor.

A method to identify magnetic islands is measuring
electron temperature and density. However, if islands are
rotating or healing, the profile measurement cannot iden-
tify island structure. Another method is the magnetic diag-
nostics. Since the magnetic diagnostics detects the change
of magnetic flux directly, above problems are resolved but
the diagnostics must be installed appropriately to detect
perturbed field of islands.

In this study, we study island dynamics using the mag-
netic diagnostics in Heliotron J plasmas. Heliotron J is
an L = 1/M = 4 helical axis heliotron configuration. A
characteristic is the rotational transform profile with low
magnetic shear (ι ∼0.5) to improve the particle confine-
ment. This means there is a possibility of generating of
large magnetic islands with coupling the perturbation. If
low-n resonances are superposed, low-n/m islands appear.
This is an advantage to study the equilibrium response on
those islands. Thus, in order to generate low order mag-
netic islands and study the impact of the equilibrium re-
sponse, external perturbation coils are designed and in-
stalled in Heliotron J device. In next section, the external
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coil to produce low-n perturbation field and magnetic diag-
nostic system are explained. Then, first result of the island
experiment is shown. Lastly, we summarize this study and
show the outlook.

2 Experimental setup

2.1 Heliotron J device

The Heliotron J device is a medium sized helical-axis
heliotron device (R0 = 1.2[m], ap = 0.17 [m], B0 ≤
1.5 [T]) with an L = 1/M=4 helical coil. Figure 1
shows a schematic view of the experimental system. In
this experiment, the initial plasma is produced by us-
ing the second harmonic X-mode ECH (70 GHz,< 0.45
MW, non-focusing Gaussian beam) launched from a top
port. To measure the perturbed field, four magnetic
probes (MP01∼04) are installed along the toroidal di-
rection. These probes detect the perturbation along the
toroidal direction.

2.2 Installation of external perturbation coils

The magnetic island is produced by the perturbed field
from the ‘MHD instability’ and ‘MHD equilibrium re-
sponse’ (equilibrium response). The identification of the
perturbation on the MHD instability is easy because only
detection of the perturbation from the equilibrium field
is done. However, the identification of the perturbation
on the equilibrium response is difficult because the equi-
librium response driven by the equilibrium current (the
Pfirsh-Schl̈uter (P-S) current, inductive and non-inductive
net toridal currents) along rippled field lines is very small.
To detect the perturbation and identify the mode, the im-
provement of the magnetic diagnostic is necessary. As a
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Fig. 1 Experimental setup

first step, we measure the distortion of the P-S current flow
on a low-n (n=1) magnetic island. In theoretical analy-
ses, spontaneous generation of the magnetic island by the
equilibrium response is only forn ≥ 4 because ofM=4.
In order to appear the distortion of the P-S current on the
low-n island, the external perturbation withn=1 is neces-
sary. Thus, we designed and installed two pair of resonant
magnetic perturbation (RMP) coils in Heliotron J device.
RMP coils to generaten=1 perturbation were installed at
hatched positions in fig. 1. Poincaré maps of magnetic field
lines are plotted atϕ=0. Bold lines in the figures indicate
the wall of the vacuum vessel. In Fig. 1(a), an island chain
by n/m=4/8 natural resonance appears. On the other hand,
in figs.1(b) and (c), large magnetic islands withn/m=1/2
appear by the external perturbed field and the phase of is-
lands is different in both cases. The external perturbed field
is the quadrupole field and it is generated by two pairs of
trim coils. The phase of islands can be changed by control-
ing the current of the trim coil. Figure 2 shows radial pro-
files of the rotational transform as a function of the major
radius R atϕ=0. Although the external perturbed field is
superimposed, profiles and positions of the magnetic axis
are hardly changed.

3 Equilibrium response on low-n is-
lands

Since the profile of the plasma pressure becomes flat on
the island, the P-S current changes with flattering pressure
profile. The distortion of the P-S current leads the equi-
librium response. The magnetic diagnostic identifies the
response localized along the toroidal direction.

To study the equilibrium response due to the finiteβ

(a) Poincaŕe plots
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(b) rotational transform profiles
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Fig. 2 Poincaŕe plots of magnetic field lines with and without
the RMP and profiles of the rotational transform as the
function ofR are plotted atϕ=π4. Wth the RMP,IRMP is
20kA.
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effect, the MHD equilibrium is caluclated by the HINT2
code [4], which is a 3D MHD equilibrium solver with-
out an assumption of nested flux surfacesa priori. In
fig. 3, Poincaŕe plot of magnetic field lines and the rota-
tional transform are shown for< β >∼0.2% corresponding
to fig. 2. For the comparison, the rotational transform for
the vacuum is also shown in fig.3(b). Increasedβ, the rata-
tional transform on the axis increases and the resonant sur-
face withn/m=1/2 disappears. Thus, islands withn/m=1/2
also disappear. However, flux surfaces sitll distort due to
external RMP field.

(a) Poincaŕe plot
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(b) rotational transform profiles
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Fig. 3 Poincaŕe plots of magnetic field lines with and without
the RMP and profiles of the rotational transform as the
function ofR are plotted atϕ=π4. Wth the RMP,IRMP is
20kA.

To identify the equilibrium response due to the finite-β

effect, the pressure-induced driven by the plasma is calcu-
lated. In fig. 4, the normal component of pressure-induced
field, Bn, is shown. Poloidal and toroidal angle are nor-
malized by 2π andθ=0 is the ourtermost position onZ=0
plane. The marginal difference appears alongϕ=0.9 line.
On the other hand, the poloidal component of pressure-
induced field,Bθ, is plotted along the position of mag-
netic probes in fig. 5. the poloidal field changes along the
toroidal angleϕ. However, the change alongϕ is very small
because ofδBθ < 1[G]. Since the difference is very small,

-1.5

-1.0

-0.5

 0.0

 0.5

 1.0

 1.5

B
n 

[m
T

]

 0.0  0.2  0.4  0.6  0.8  1.0

θ/2π

 0.0

 0.2

 0.4

 0.6

 0.8

 1.0

φ/
2π

Fig. 4 The normal field component on the vacuum vessel

the observation by the magnetic probe is difficult. In order
to observe significantly, the improvement ofS/N ratio by
the flux loop is necessary. This result will be the basis to
design the flux loop in Heliotron J device.
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Fig. 5 The poloidal field at magnetic probes

Finally, we show the first result of the experimants
with the RMP. For a typical shot (#32741) in this exper-
iments, the density was kept∼ 1019 and small net-toroidal
current (< 1kA) flowed in the plasma. Unfortunately, in
this experiment, the profiles of electron temperature and
densitycould not be observed. In fig. 6, signals of mag-
netic probes with (#32741) or without (#32745) the RMP,
respectively. Comparing fig. 6 (a) and (b), differences ap-
peared in both cases. With the RMP, there are no signals of
MP02∼04. This suggests a possibility that the P-S current
flow was distorted by the magnetic island and the exter-
nal field driven by the P-S current was changed. However,
this is still a speculaion. The identification of the equilib-
rium response is a future subject. The signal observed by
the magnetic probe was very small. Since the equilibrum
response is guessed ver small, the flux loop is efficient to
observe small perturbation field. The design of flux loop
to Heliotron J device is another future subject.
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(a) Ipc=0kA

(b) Ipc=20kA

Fig. 6 Signals of magnetic probes in two shot (no RMP and
RMP). With the RMP,IRMP is 20kA.

4 Summary

we designed and installed external RMP coils to Heliotron
J device. These coils can produce low-n magnetic island in
the plasma. To detect the distortion of the equilibrium cur-
rent flow by large magnetic islands, we can study the effect
of the equilibrium response on the spontaneous changing
magnetic islands. We also show the fisrt result of the con-
figuration with the RMP field. The difference on signals of
magnetic probes appeared by superposing the RMP field.
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