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We observed intermittent increases in the electrode current in electrode biasing experiments in Heliotron J. In
addition, electron density and floating potential showed pulsating behavior associated with the electrode current.
The relation between line density and electrode current and that between floating potential and electrode current
showed a hysteresis feature in transitions. Then it is evident that the pulsating behavior was the intermittent
transition between two distinctive states. We also observed the mode (∼10 kHz) that accompanied the pulsating
behavior in the power spectrum density of the floating potential and ion saturation current obtained via fast
Fourier transform. The electron density gradient increased, and subsequently the power spectrum density of the
fluctuation increased.
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1. Introduction
An electrode inserted in plasma generates radial cur-

rent J and drives J ×B poloidal flows, where B is the con-
finement magnetic field. Therefore, electrode biasing ex-
periment is one of useful tools to inject an external torque
into confined plasma and control bipolar transport to in-
duce bifurcation of the radial electric field Er. In the To-
hoku University Heliac, CHS, and LHD, the effect of vis-
cosity maxima on the L–H transition has been experimen-
tally investigated by electrode biasing [1,2]. It is important
to perform biasing experiments in a confinement system
with configuration variability of the magnetic Fourier com-
ponents, e.g., magnetic configuration in helical systems.
Therefore, we have been continuing the electrode biasing
experiments in Heliotron J to study the dependence of ion
viscosity on helical ripples and bumpiness.

It is also important to observe the relation between
fluctuation and radial electric field in order to understand
turbulent transport, which is related to the onset of the H-
mode transition. The dynamic response of turbulence is
one of the key issues to clarify the fundamental process of
turbulent transport in limit cycle oscillations [3–7].
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In this study, we report the dynamic behavior of the
transition induced by electrode biasing in Heliotron J. We
observed the pulsating behavior accompanied with the low
frequency fluctuation in low β plasma. This allowed us
to discuss the relation between the power spectrum of the
fluctuation and radial electric field.

2. Experimental Setup
Heliotron J is a helical axis heliotron device with ma-

jor radius R0 = 1.2 m, minor radius a = 0.17 m, and toroidal
magnetic field B0 < 1.5 T. The confinement magnetic field
is produced by five sets of coils. The top view of He-
liotron J is shown in Fig. 1. The biasing experiments were
performed using a hot cathode electrode. The cylindrical
hot cathode with diameter 10 mm and length 17 mm was
made of LaB6 and located at ρ = 0.3. The biasing sys-
tem of Heliotron J is shown in Fig. 2. The target plasma
for biasing was produced by the ECH ( f = 2.45 GHz,
Pmax ∼ 19 kW) and the working gas was H2 (p = 1.9 ×
10−6 Pa) in the discharge-cleaning configuration (DCC) in
Heliotron J. The strength of the magnetic field B0, typi-
cal electron density ne, and electron temperature Te on the
magnetic axis were ∼0.09 T, ∼2 × 1017 m−3, and ∼30 eV,
respectively. The electron density ne, temperature Te, and
plasma potential were measured by the probe array shown
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Fig. 1 Top view of Heliotron J. The hot cathode was inserted at
φ = 251.05◦. Plasma parameters are measured with the
probe array at φ = 183.55◦.

Fig. 2 The biasing system in Heliotron J. The hot cathode was
made of LaB6 and located at ρ = 0.3. The electrode was
negatively biased against the vacuum vessel.

Fig. 3 Outline of the probe array.

in Fig. 3, which was designed to measure the floating po-
tential at five different radial positions by probes 1, 2, 3, 5,
and 7 [8]. Probes 1, 3, and 4 were used as a triple probe
and probe 4 measured the ion saturation current.

3. Experimental Results
3.1 Intermittent transition

In the biasing experiments in Heliotron J using the
electrode, the waveform for the bias voltage in the elec-
trode current can be selected. Figure 4 shows the time
evolutions of the electrode voltage (bias voltage) VE and
electrode current IE through the electrode. The ramp-up
and triangle waveforms were used in Figs. 4 (a) and (c).
We observed intermittent increases in the electrode current
in the voltage ramp-up stage in Fig. 4 (a) and ramp-down

Fig. 4 Time evolutions of (a) and (c) electrode voltage (bias
voltage) VE and (b) and (d) electrode current IE.

stage in Fig. 4 (c). Then, to precisely observe the intermit-
tent transition, we cautiously chose the operation condi-
tions and successfully observed the same periodic features
in the fixed voltage biasing (VE ∼ −100 V) shown in Fig. 5.
The biasing voltage was lower than that in Fig. 4. Figure 5
shows the time evolutions of the electrode voltage VE, elec-
trode current IE, electron density ne, electron temperature
Te, floating potential Vf , and space potential Vs. Clearly,
the electrode current, electron density, and floating poten-
tial show periodicity in fixed voltage biasing. The period
is about 80 ms, and the rise and fall times are about 10 ms
each. The pulsating behavior is slower than the pulsation
observed in CHS [9]. In TEXTOR, intermittent transitions
in the electrode voltage VE and electrode current IE were
observed, and it was reported that the electric field gradi-
ent ∇Er was leading changes in electron density gradient
∇ne [10].

We chose the electron density and floating potential
of two states of the periodic figure in the electrode current
and plotted the radial profiles before and after crashes. The
radial profiles of averaged density ne and floating potential
Vf are shown in Figs. 6 (a) and (b). The profile for the low
electrode current state is close to the profile in L-mode and
the profile for the high electrode current state is close to the
profile in the improved confinement mode which obtained
in a high voltage biasing.

In the biasing experiments, hysteresis was also ob-
served between the electrode current and plasma parame-
ters during the forward transition to the improved confine-
ment mode and backward transition to the L-mode [11].
Figures 7 shows (a) relation between the line density nel
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Fig. 5 Time evolutions of (a) the electrode voltage VE, (b) elec-
trode current IE, (c) electron density ne, (d) electron tem-
perature Te, (e) floating potential Vf , and (f) space poten-
tial Vs.

and electrode current IE, (b) relation between the floating
potential Vf and IE, and (c) relation between the difference
in electron densities Δne and IE in the intermittent tran-
sition, respectively. The difference in electron densities
Δne corresponds to the electron density gradient ∇ne. The
black and red lines show the transition to the high elec-
trode current state and to low electrode current state, re-
spectively. Figures 7 (a) and (b) clearly show the hystere-
sis and suggest that the periodic feature is the intermittent
transition between the two distinctive states. In Fig. 7 (c),
the difference of the electron densities was estimated from
two averages of ne data which had the same electrode cur-
rent in the relation between ne and IE. The ne data were not
measured simultaneously and were measured at two radial
positions. The relation between Δne and IE does not show
hysteresis, suggesting that Δne is a single-valued function
of IE.

3.2 Low frequency mode in the high current
state

In the high electrode current state, a fluctuation of
∼10 kHz was observed in the floating potential signal and
the ion saturation signal measured by the triple probe. Fig-
ure 8 (a) shows the typical time evolution of the power
spectrum density in the ion saturation current signal Is ob-
tained via fast Fourier transform. The figure clearly shows

Fig. 6 Radial profiles of (a) averaged density ne and (b) floating
potential Vf before and after crashes.

that the power spectrum density increases in the wide fre-
quency band in the high electrode current state compared
with the low electrode current state. In particular, the new
mode ( f ∼ 10 kHz) occurs in the high electrode current
state. Figure 8 (b) shows the time evolution of the power
spectrum density in the floating potential Vf . The new
mode ( f ∼ 10 kHz) is also observed in the high electrode
current state, which may create channels for major heat and
particle losses.

3.3 Relation between power spectrum den-
sity and electron density gradient

Figure 9 shows the dependence of the power spectrum
density of the fluctuation (5 < f < 15 kHz) on the electron
density difference between two radial positions Δne at ρ =
0.5 and ρ = 0.6. In Fig. 9, we plotted the power spectrum
densities evaluated from five pulses in one discharge. Af-
ter calculating the fitting curves for IE vs Δne, which rep-
resent the two transition curves between the two states in
Fig. 7 (c), we adopted the electrode current IE as the mea-
sure of the conditional average of Δne and power spectrum
density. As seen in Fig. 9, the power spectrum density in-
creased after the increase in Δne, which corresponds to the
electron density gradient. Lissajous-type dependence [7]
can be observed between the power spectrum density and
electron density gradient.
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Fig. 7 (a) Relation between the line density nel and electrode
current IE, (b) relation between the floating potential Vf

and IE, and (c) relation between the difference in electron
densities Δne and IE. The black and red lines denote the
forward and backward transitions, respectively.

Fig. 8 Typical time evolution of (a) the power spectrum density
of the ion saturation current signal Is and (b) the floating
potential Vf obtained via fast Fourier transform.

4. Summary
In the biasing experiments in Heliotron J, we observed

intermittent increases in the electrode current. The density
and floating potential also play a periodic feature according

Fig. 9 Dependence of the power spectrum density of the fluctua-
tion in the ion saturation current IE on the electron density
difference between the two radial positions Δne.

to intermittent increases in the electrode current. The radial
profiles of the averaged density and floating potential in
two states before and after crashes are close to the profiles
in L-mode and improved confinement mode, respectively.
The relation between the line density and electrode cur-
rent and that between the floating potential and electrode
current suggest a hysteresis feature in transitions. The pe-
riodic features are the intermittent transition between two
distinctive states. The power spectrum density of the fluc-
tuation increased after the increase in electron density dif-
ference, which corresponds to the electron density gradi-
ent. We also observed the mode that accompanied the in-
termittent transition.
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