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DRIFT INSTABILITY STABILISATION BY ION-NEUTRAL
COLLISIONS IN A STELLARATOR

V,N, Bocharov, V.I. Volosov, A.V. Komin,

V.M. Panasyuk, Yu.N, Yudin
Institute of Nuclear Physics, Sibirian Departament
of the USSR Academy of Sciences, Novosibirsk, USSR

Experiments performed in low density, weakly ioni-
sed plasma in 1968 on the stellarator of the Institute of Nu-
clear Physics in Novosibirsk show that in the case that the mean
free path A of charged particles in the plasma is equal the
length of stellarator stabilisation of drift instabilities ta-
kegﬁ.ace and decay time of the plasma increases. An empirical
relation for the decay timé T ~in this case is T = Ke2H¥(p)
where § - is a dimensionless parameter, giving the ratio of
helical magnetic field to longitudinal field; H - is longi-
tudinal field and P - pressure of neutral gases /1/. The
results of new experiments carried out on the same stellara-
tor are given below. The uniformity of the longitudinal magne-
tic field here was improved in comparison with the previous
experiments.

Since the observed stabilisation is connected with
‘the presence of neutral gas, measurements were made of the va-
ritionion of plasma decay time as a fupnction of neutral gas
pressure in Helium, Neon, Aron. (Fig.1.) The average energy of
electrons during the decay time was held constant at about 5eV.

by means of low level stochastic heating (amplitude h.f. volta-
ge at the gap 1-2 V, frequency 10 MHz)., Estimates show that

this heating does not give additional diffusion of the plasma.
The temperature was measured by the following method. It has
been shown /2-3/ that the shift in floating potential of a pro-
be which has a high frequency voltage applied tgjr.t is a functi-
on of the electron temperature aVv = V‘ /‘I Te ~

where 4V is the shift of floating potential and V is the am-
plitude of the h.f. (in our experiments \7 = 1-2 volt and

£ =1 MHz).

The decay times in Argon are about 3-4 time bigger
than in Helium at equal neutral densities; this difference can
be interpreted as scaling with ﬁ, where M is the atomic
mags, or by differences in the cross-sections for charge exchan-
ge.

Theory /4/ predicts that stabilisation of drift insta- -

bilities collisions occurs according to the following condition:

2
Ma K, < u—'e/v;; (a K. )
where ( - transverse dimension of plasma. This condition can
be expressed in the following form if Vi, = ¢ U /Ho( B
where o =~ Te-o - potential of plasma and &« - constant of
the order of unity

, Gin no-a’H 2 conn
In Fig.1 the points at which there are a change of slope of
the T from p curves are in satisfactory agreement with this
criterion.

The dependence of the plasma decay time on average elec—
tron energy, which is held constant during the decay, is shown
in Fig.2. These experiments show definitely, that the decay ti-
me decreased as the mean electron energy increased; the decay
time varies approximetly as ‘T‘,'%’, but allowence has to be ma-
de for the spread in the data.

) A series of experiments was performed in which the plas-

ma diameter was varied by means of a metal aperture limiter(Fig‘.BZ

These experiments indicate that the confinement of plasuma is
largely realised in the outer layer of the plasma.

The effect of impurites on the decay time of plasma
was investigated experimentally; it was found that 1 ‘Zconcen—
tration of diatomic gases ( Ny or ) ) increased the elect-
ron cooling rate by a factor two if the electron temperature was
more than 2-3 ~V, but produced no change for lower temperatu-

res.

Autors are indebted to R.S. Sagdeev and A.A. Galgev for va-
luable discussions.
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