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ABSTRACT

HIGH BETA EXPERIMENTS IN CHS

High beta experiments were performed in the low-aspect-ratio helical
device CHS with the volume-averaged equilibrium beta up to 2.1 %. These
values (highest for helical systems) are obtained for high density plasmas in low
magnetic field heated with two tangential neutral beams. Confinement improve-
ment given by means of turning off gas puffing helped significantly to make
high betas. Magnetic fluctuations increased with increasing beta, but finally
stopped to increase in the beta range <3> > 1 %. The coherent modes appearing
in the magnetic hill region showed strong dependence on the beta values. The
dynamic poloidal field control was applied to suppress the outward plasma
movement with the plasma pressure. Such an operation gave fixed boundary

operations of high beta plasmas in helical systems.

Keywords : CHS, high beta plasma, self-stabilization, magnetic well,

Mercier criterion, magnetic fluctuation, position control




1. INTRODUCTION

CHS is a heliotron/torsatron device (toroidal/poloidal mode numbers are
m=8/¢=2, major/minor radii are R=1 m/a=0.2 m) which has a low aspect ratio
(Ap = 5) among varieties of helical system designs [1]. The vacuum rotational
transform increases from the cenier z (0) ~ 0.3 to the edge t(a) ~ 1.0. Magnetic
shear is stronger at the edge. In high beta configurations, a large Shafranov
shift forms a magnetic well in the central region which also increases the mag-
netic shear at the boundary as well. Figure 1 shows the Mercier stability condi-
tions for the magnetic configuration which was used in the high beta experi-
ments. The pressure profile is assumed to be proportional to peg(r) = 1.71 (1-
(r/a)l Y13 x 10 eV/em® which was obtained from the complete plasma
profile measurements (ne, Te, Ti) for the <B> = 0.7 % discharge. The self-
stabilization effect is expected to come out for high beta plasmas [2].

The magnetic well structure in CHS depends on the plasma position. An
outward shifted configuration has a magnetic well in its vacuum field. The
magnetic fluctuation signal decreases when the plasma position is shifted out-
ward with the vertical field conirol. However the global confinement database
of NBI discharges shows better confinement for the inward shifted case [3].
Since the limitation of beta is given by the confinement in the present status of
CHS experiments, the inward shifted configuration was used for high beta

experiments.

2. HIGH BETA DISCHARGES

Figure 2 shows the time behavior of one of highest beta discharges. Two
NRBIs (hydrogen beam) were used in balanced tangential injection (1.8 MW
port-through power). Strong gas puff (hydrogen) was turned off when the
plasma energy started to decrease because of the confinement degradation at the
high density limit. The diamagnetic beta value increased during the decreasing
phase of the density (reheat mode [4]) and got to the peak value 2.0 % with the
average density ne = 6.5 X 10" m'3 and the average magnetic field 0.57 T.

The equilibrium calculation including beam contribution gives 2.1 % average
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equilibrium beta which is the highest beta value so far realized in helical
systems.

Titanium gettering was used for the wall conditioning. The repetitive use
of Ti gettering increased the practical density limit gradually which gave an in-
crease in beta. The beta values are plotted as a function of the average density
in Fig. 3. For the data points with gas puffing (open circles), betas are almost
proportional to the densities. The beta values larger than 1.7 % are obtained
with the reheat mode which appears oaly for the densities ne > 5.5 x 10! cm3.
Because high beta discharges are made with limits of operational parameters
{low magnetic field and high density), the global energy confinement time is
lower than the LHD confinement scaling [5] (Tg/T yp ~ 0.6 during gas puffing).
The reheat mode operation gave 30 % improvement of confinement to those
high density operations. It was reported [6] that for the discharges with the
average beta <B> < 1.5 %, no degradation of global confinement had been
observed in comparison with the LHD scaling. The conclusion is extended

now for B> <2.1 %.

3. MAGNETIC FLUCTUATION MEASUREMENTS

Figure 4(a) shows the dependence of magnetic fluctuations (3-100 kHz)
on the average betas. The root mean square values at the probe position nor-
malized by the equilibrium poloidal field are plotted. Closed circles in a low
beta region <> < 0.5 % give maximum vatues of continual burst type coherent
signals (m/n=2/1, m:poloidal mode number/n:toroidal) which appear only with
a single beam injection in the co-direction. Continuous signal levels increased
almost in proportion to the beta value for <B> < 1 %, but it stopped to increase
for 3> > 1 %. Coherent components with m < 2 are replotted in Fig. 4(b).
Each mode appeared in a different region of beta values. The m/n=2/1 mode
increased rapidly the with beta value up to 1 %, while it decreased for higher
beta values and finally disappeared for <B> > 1.4 %. The m/n=1/1 mode
appeared for <B> > 0.5 % together with m/n=3/2 and 4/3 modes which are in
small amplitudes. The m/n=1/1 (or 2/2) mode became largest coherent mode
for §>>13 %.



Stationary fluctuations with m/n < 2 except the burst type fluctuations are
possibly resistive interchange modes because they appeared in the magnetic hilk
region which is Mercier stable. The experimental observations tell that the satu-
ration level of those fluctuations did not increase for <> >1 %. Comparison

with theoretical model is needed to understand those dependence.

4. DYNAMIC POLOIDAL FIELD CONTROL

The plasma position moves outward by 0.8 cm when the plasma beta
reaches 2 %. The formation of self-induced magnetic well is the combined
effect of such an outward shift of magnetic surfaces and the Shafranov shift.
The dynamic poloidal field control (PFC) during the discharge was made in
order 1o fix the plasma boundary position when the plasma beia increased. This
method is useful also in a technical sense when it is requested to fix the plasma
boundary during a high beta discharge, from the aspect of interference between
the plasma boundary and the plasma periphery conditions such as the limiters or
divertors. Figure 5(a) shows the outward movement of plasma edge density
profile measured with a lithium beam probe in no PFC discharge. When the
poloidal field was varied as shown in Fig. 5(b}, such a movement was sup-
pressed as shown in Fig. 5(c). When the shift of plasma column is suppressed,
the self-stabilization effect of magnetic well becomes smaller. Nevertheless the
average beta increased by about 10 % with PFC which is due to the effect of
global confinement dependence on the plasma position in CHS. The magnetic
fluctuations in PFC discharges were roughly 1.5 times larger compared with no
PFC discharges which also reflects the general dependence of magnetic fluctua-

tions in CHS on the plasma position.
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Figure Captions

Contour map of normalized Mercier stability criterion Dy for CHS. The
Dy is defined as Dy=- Dyy/z "2, where Dy is the standard Mercier
criterion {2]. The region surrounded by a thick solid line is Mercier

unstable : Dy > 0. Thinner lines give contours with steps AD; = 0.2.

Time behavior of high beta discharge. (a) diamagnetic average beta, (b)
line-averaged density, (c) gas puffing rate (hydrogen), (d) NBI
absorbed power (Pin) and radiation power (Prad).

Diamagnetic average beta as a function of line-averaged density. Open
circles are for maximum beta values during gas puffing, while double

circles are for peak beta values in reheat mode.

Magnetic fluctuations plotted as a function of diamagnetic average betas.
(a) root mean square(rms) values of total fluctuation level at probe
position normalized by the equilibrium poloidal field : Bp=a « (@) Bt
/R. For burst type signals, the maximum rms values are plotted. (b)
rms values of coherent components which have poloidal mode number

me<2.

Time evolutions of edge density profiles measured with lithium beam
probe for (a) no poloidal field controt and () dynamic poloidal field
control. The horizontal axis is the distance along the lithium beam
injection at the toroidal position where the magnetic surfaces are
horizontally elongated. (b) shows relative timing of dynamic poloidal
field control to the plasma discharge. Currents in three poloidal coils
are varied to make 2 cm inward shift of magnetic axis in vacuum

configurations.
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Contour map of normalized Mercier stability criterion Dy for CHS. The
Dy is defined as Dy = - Dyy/t ' 2, where Dy is the standard Mercier
criterion {2]. The region surrounded by a thick solid line is Mercier
unstable : D; 2 0. Thinner lines give contours with steps ADy =0.2.
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Fig. 2 Time behavior of high beta discharge. (a) diamagnetic average beta, (b)
line-averaged density, (c) gas puffing rate (hydrogen), (d) NBI
absorbed power (Pin) and radiation power (Prad).
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