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Plasma confinement with a quasi-constant density distribution, and accord-
ingly with a constant decay rate over the entire volume, was investigated pre-
viously [17] with the 2 = 2 stellarator L-1 [2] (major radius R = 60 cm, minor
radius a = 5 cm, magnetic field intensity Hy = 2 - 10 kOe). The average plasma
lifetime determined by the microwave method with resonant excitation of the
entire chamber coincided in this case with the "local™ lifetime determined from
pole measurements [3]. In individual cases, however, density "dips" were ob-
served. In the described operating regime, the dips appeared regularly; an in-
vestigation of the space-time characteristics of the plasma in one pulse of
operation has helped explain in detail the character of the plasma decay.

The measurements were performed with single Langmuir probes installed at
different azimuths, and with a system of five radially-placed single probes
spaced 6 mm apart. We investigated a decaying plasma groduced by external in-
jection [1]. The initial plasma density no = 10!'° em® was smaller by one order
of magnitude than the usual one [1], and the pulsed pressure of the neutral gas
(pe = 2 x 10~° Torr) was also somewhat lower. In the indicated operating regime,
relatively fast density "dips," up to 30 - 50% of the value of n in this region,
were observed in the central region of the plasma. Figure 1 shows typical os-
cillograms of the density against the time, obtained in a single pulse of opera-
tion of the setup for radii 5, 11, 17, and 29 mm, obtalned with the aid of a
system of probes operating in the ion-current saturation mode (Ho = 4.5 kOe,
conversion angle 1 = 47/3). From curve 2 on Fig. 1 we see that at a certain in-
stant of time the density decay rate increases and the amplitude of the density
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fluctuations increases simultaneously. When the decay rate and the fluctuation
amplitude reach a maximum, this process extends also over the internal region of
the plasma filament (curve 1 of Fig. 1). At the same time, at a radius of 22 -
29 mm, the plasma density increases (curve U of Fig. 1). In the external region
(r = 17 on curve 3 of Fig. 1) where the oscillations exist all the time, their
amplitude increases at the instant of the dip. The measurements have shown that
the process occurs simultaneously over the entire given magnetic surface. Figure
2 shows plots similar to those of Fig. 1, but for greater clarity the time de-
pendence of the density is shown on the semilogarithmic scale. From an analysis
of these curves it follows that the characteristic density-decrease time depends
strongly on the radius. In the central region (curves 1 and 2) the plasma loss
is relatively slow, T, < 2 msec, and is interrupted by a fast dip (section I -
II, where Te = 0.4 msec). C(Closer to the edge of the plasma (curves 4 and 5), Tg
is much smaller, 0.6 - 0.8 msec. After the end of the dip, a difference remains
between the decay rates in th? axial region and at the edge, and the next dip
follows after a certain time!’. The difference in the rate of plasma loss at
different radii leads to a change in the radial distribution of the density with
time. This becomes particularly strongly pronounced in the region r < 20 mm.
Here the density gradient increases to a certain critical value, at which the
distribution apparently becomes unstable, a dip occurs, and as a result the den-
sity distribution becomes less steep. The form of the distribution before the
start of the fast plasma loss does not depend on the density level and has good
reproducibility. Such a nonstationary character of the decay is most clearly
observed at rational conversion angles, for example i = 47/3 and 1 = w. In the
case of non-rational values, the nonstationary process in the axial region is
much less frequently observed. With increasing magnetic field Ho, the gradient-
realignment region becomes narrower and the absolute value of the dlp becomes
smaller (20 - 30%). At a relatively small increase of pressure of the neutral
gas (po > 107% Torr), no critical gradients arise and the dip stops.

Thus, the differences we observed between the plasma decay rates in the
radial direction lead to a nonstationary distribution of the density and to the
occurrence of dips. In the experiment we observed a connection between the
shape of the density distribution and the development of the fluctuations. At-
tention is called to the sensitivity of the shape of the distribution and of
the oscillation amplitude to a relatively small change of the neutral-gas pres-
sure (po ~ 10~° Torr). The oscillations accompanying the rapid decay have the
same frequency interval (w ~ 2 X 10~° sec~!) as observed earlier [4], and the
experimentally determined increment (y " 10~* sec™!) agrees with the theoretical
estimate [4]. It can therefore be proposed that they have a simllar nature and
the significant increase of the amplitude is connected with the sharp increase
of the density gradient. The presence of a correlation between the increase of
the plasma loss rate and the buildup of the oscillations (curve 2 of Fig. 1)
indicates that the latter can be the cause of the accelerated plasma loss from
the central region. We were unable to establish a direct connection between the
amplitude of the oscillaticns and the rate of plasma loss.
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1. The purpose of this article is to describe the principles and certain
results of an experimental realization of a method of active Raman-scattering
(RS) spectroscopy with the ald of a quasicontinuously tunable parametric light

generator (PLG).

The use of a pair of intense oscillations with tunable frequencies (vo and
,2 ~— see Fig. 1) makes 1t possible to excite a selected vibrational transi-
tlon (optical mode)of frequency Q0. By observing the scattering of a probing

light beam (freguency vpr

- see Fig. 1) from this mode one can greatly improve

the signal/noise ratio at the output of the RS spectrometer and to measure the
scattering line shape (especially in the study of broad lines) and the scatter-
ing cross section, with an accuracy exceeding the accuracy attained in the in-
vestigation of spontaneous Raman scattering. Strong mode excitation uncovered
new possibilities in the investigation of anharmonic effects (combination modes,

etc.). With the aid of a quasicontinuous PLG it
is convenlent also to carry out measurements in
accordance with the inverted-scattering scheme

- a promising scheme which so far has not found
wide use only because there are no suitable tun-
able radiation sources [10].

2. The spectroscopic information obtained
with stimulated RS is scanty. The principal rea-
son for this is the strong competition of the
lines, the broadening of the spectrum due to non-
linear mechanisms, etc. It is therefore of inter-
est to search for a method combining the exten-
sive spectroscopic capabiltiies of the spontane-
ous Raman scattering with the advantages of the
method of stimulated Raman scattering, such as
obtaining high-intensity scattered light, coher-
ent excitation of optical phonons in a consider-
able volume, etec.

This problem was discussed in a number of
papers (see, e.g., [1 - 6]). A procedure for
scattering a probing beam by coherent optical
phonons execited during the course of the stimu-
lated Raman scattering was proposed and realized
in [1, 7, 8] (see also [91).

The spectroscopic possibilities are greater
when the phonons are excited by a biharmonic
light signal below the threshold of stimulated
Raman scattering. Specially selected line doub-
lets were previously used for this purpose [2,
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Fig. 1. Diagram explaining
the principle of active
scattered-light spectro-
scopy with the aid of a
parametric generator. Here
Vo and 2vg = Vpr are the

frequencles of the laser
and of its second harmonic;
vi and vy (v + vy, = 2v,)
are the smoothly tunable
fregquencies of the PLG; Qo
18 the Raman shift. Curve

1 - Stokes signal of prob-
ing scattering at

[vo = vi,2| # Qo3 curve 2 -
signal at |ve - vi 2| = Q0.



