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Abstract

Alternating axial plasma current effects on heliac plasma equilibrium are reported. This plasma
current can rewind a magnetic line of force in the direction of increasing or decreasing rotational trans-
form. These experiments are performed in plasma sustained only by low frequency (o < w,, wg: ion
cyclotron frequency) ohmic heating, and a stable plasma can be produced in the magnetic well configu-
ration case. However, in the magnetic hill configuration the plasma current crashes as it increases. Fur-
thermore this crash occurs only when the plasma current flows along the co direction to the toroidal
field, of which direction corresponds to the direction of decreasing rotational transform. In this current
crash case a low frequency oscillation is also observed in ion saturation current signals. This oscillation
strongly depends on the plasma current and the magnetic field strength.
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1. Introduction

We have studied the low frequency (0 < o, 0y
ion cyclotron frequency) ohmic heating plasma produc-
tion in TOHOKU UNIVERSITY Heliac[1]. This
plasma production method is convenient for basic ex-
periments: measurements of magnetic surface structures
[2], estimation of the particle confinement time for an
electron by breakdown time [3-4] and sustaining a tar-
get plasma for an electrode biasing experiment [5]. This
method is also convenient for estimating inductive cur-
rent effects on plasma equilibrium. Studies of axial
plasma current effects on plasma equilibrium are im-
portant for helical fusion devices. Because if we can not
design to minimize a bootstrap current, in a high beta
plasma the bootstrap current may cause the rearrange-
ment of an optimum vacuum rotational transform
profile. In the present experiment, we forcibly flowed
an axial plasma current along the co and counter direc-
tions to the toroidal field in a heliac plasma by an
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induced low frequency electric field in order to change
rotational transform angle and evaluate the axial
plasma current effects on plasma equilibrium.

2. Experimental Results

The low frequency ohmic heating power (f= 18.8
kHz, P_,, = 35 kW) is supplied to RF coils which are
wound outside toroidal field coils like vertical field
coils. The following results are obtained in the plasma
atn,=2 ~ 8§ X 10" cm®and T, ~ 10 eV (argon p ~
4 X 107 Pa).

In the standard magnetic well configuration case
(vacuum magnetic well depth is 2.3 %, toroidal field B,
> 0.06 T) the axial plasma current causes no signifi-
cant effect. Typical wave form of plasma current ob-
tained from the Rogowski coil is shown in Fig. 1 (a).
The alternating plasma current flows symmetrically
along the co and counter directions to the toroidal field,
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and has sinusoidal wave forms. Nevertheless in mag-
netic hill configurations the plasma current crashes with
increasing plasma current or decreasing magnetic field
strength. Furthermore this crash occurs only when the
plasma current flows along the co direction to the toroi-
dal field as shown in Fig. 1 (b). This current direction
corresponds to the direction to decrease rotational
transform.

In this current crash case the low frequency oscilla-
tion (f < 1 kHz) is also observed in triple-Langmuir-
probe ion saturation current as shown in Fig. 2 (b) and
in floating potential signals. This oscillation strongly
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Fig. 1 Typical plasma current wave forms: (a) magnetic
well configuration case, toroidal magnetic field 8 =
0.062 T, RF output power Py = 34 kW, magnetic
well depth 2.3%, (b) magnetic hill configuration
case, B=0.077 T, Py = 34 kW, magnetic well depth
-1.5%.
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depends on the plasma current, the magnetic field
strength and the magnetic well depth. This dependence

- is shown in Figs. 3 (a), (b) in which open, solid circles

and triangles denote stable, unstable and marginal
shots, and the plasma current I, is evaluated from the
root mean square of the Rogowski coil signal. In the
experiment for studying the dependence on the mag-
netic well depth, we carefully select the magnetic con-
figurations which have the same rotational transform
/27t = 1.55 at the magnetic axis using the flexibility of
heliac. Figures 3 (a) and (b) clearly show that the
plasma current for the marginal shots increases with
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Fig. 2 Typical ion saturation current signals: (a} magnetic
well configuration case, toroidal magnetic field B =
0.054 T, RF output power Py = 15 kW, magnetic
well depth 4.1%, (b} magnetic hill configuration
case, B=0.054 T, Py = 23 kW, magnetic well depth

-1.5%.
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Fig. 3 Dependence of the observed instability on the plasma current, (a) the magnetic field strength and (b) the magnetic
well depth. Open, solid circles and triangles denote stable, unstable and marginal shots. In (a) magnetic well depth is
-1.56% and in (b} toroidal magnetic field 8= 0.054 T. The solid line indicates the calculated plasma current which de-
creases the rotational transform at the magnetic axis to 3/2, assuming a flat current distribution.
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increasing the magnetic field strength and the magnetic
well depth. In Figs. 3 (a) and (b} the solid line indicates
the calculated plasma current which decreases the rota-
tional transform at the magnetic axis to 3/2, assuming a
flat current distribution. The value 3/2 corresponds to
the rotational transform for the nearest and the most
dangerous rational surface in the TU-Heliac. Figure 3
(a) shows that stable and unstable shots are clearly sep-
arated by this line. The critical current is proportional
to the magnetic field strength. Hence, this suggests that
the change in the rotational transform affects the sta-
bility for this magnetic hill configuration. However in
Fig. 3 (b) stable and unstable shots are not clearly sepa-
rated by this line, particularly in the magnetic well re-
gion, which may indicate that the criterion of the ob-
served instability is determined by not only rotational
transform but other factors, for example, magnetic well
depth.
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Fig. 4 Dominant frequency of the oscillation which ap-
pears in the ion saturation current. Magnetic well
depth is -1.5%. Triangles, open and solid circles
denote that RF output power Py = 15, 23 and 34
kW.
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Figure 4 shows the dominant frequency of the os-
cillation which appears in the ion saturation current.
This frequency is inversely proportional to about the
third power of the toroidal field. Thus this oscillation
does not depend on a magnetic tension. It seems that
the suppression of this instability depends on the con-
finement characteristics. However, we have not yet
identified the kind of the observed oscillation. The
causality between the oscillation and the confinement
characteristics is not quite clear. Measurements of the
toroidal, poloidal and radial mode number are neces-
sary to clarify what kind of instability has appeared.

3. Summary

We forcibly flowed an axial plasma current along
the co and counter directions to the toroidal field in a
heliac plasma in order to evaluate the inductive current
effects on plasma equilibrium. The plasma current
crashes when the plasma current exceeds the critical
value which is proportional to the magnetic field
strength, and this critical current in the magnetic well
configuration case is about 2 times as large as that in
the magnetic hill case. This current crash appears only
when the current flows along the co direction to the to-
roidal field, of which direction corresponds to the direc-
tion of decreasing rotational transform. Furthermore, in
this current crash case the low frequency oscillation ap-
pears in ion saturation current signals.
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