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The velocities of helium ions and neutrals are derived from Doppler shifted spectral lines He I1
4686 A and HeI 5876 A respectively. The ion velocity proves to be in accordance with the speed
of rotating spokes which are usually observed in the build-up phase of rotating plasmas. It is
demonstrated that the spoke velocity represents the plasma mass motion. Braking of plasma motion
and acceleration of the neutrals to a value near Alfvén’s critical velocity occurs within 10 us.

Introduction

The voltage limitation which has been observed
in partially ionized rotating plasmas is usually inter-
preted in terms of a critical velocity ! v, for the
relative motion between a magnetized plasma and
the neutral gas background. There has been strong
evidence that an enhanced collisionless interaction
between plasma and neutral gas occurs as soon as
the plasma drift velocity exceeds the threshold value
Ver= (2 W;/m;) V2 (W; being the ionization energy,
m; the ion mass). The braking of a plasma pene-
trating a neutral gas to the critical velocity recently
has been demonstrated in a linear plasma gunZ. A
similar situation occurs in the build-up phase of a
homopolar device when a rotating spoke penetrates
the neutral gas background. Although the spoke
velocity has already been determined by means of
Langmuir probes?® and a framing camera? up to
now no direct measurements of particle velocities
have been reported. It will be shown below that
time resolved Doppler shift measurements of helium
ion and neutral lines can give direct information
about the plasma-gas interaction. This method, how-
ever, is limited to the range of discharge parameters
where Hel and Hell lines are emitted with suf-
ficient intensities.

Experimental

The rotating helium plasma is generated in a
homopolar cell, similar to Fahleson’s? device, with
concentric electrodes of 12 cm and of 5 cm diameter
respectively. The outer electrode is acting as anode.
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The insulating end plates are separated by 12cm.
The plasma is operated at a pressure near 0.07 Torr.
The discharge characteristics of this device at low
discharge currents and the plasma parameters in a
similar device have been reported earlier® 6. The
evolution of the discharge at currents above 5kA
can be divided into three phases (Figure 1).
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Fig. 1. Discharge current and total line intensity of the
helium ion line 4686 A. The discharge is divided into three
phases.

The build-up phase (1) is characterized by a
rotating spoke which spreads and forms a uniform
plasma disc after 2 to 3 revolutions. In phase (2)
nearly complete single ionization is obtained as indi-
cated by a strong emission of the Hell 4686 A line.
In the decay phase (3) a partially ionized plasma
remains.

A 1 m grating monochromator is combined with
a 500 channel optical multichannel analyzer. The
image converter section of the detector head can be
operated as a fast shutter which allows a complete
line profile to be characteristically recorded within
3 us.
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Doppler Shift Measurements

Side-on measurements along a chord which bisects
the electrode spacing of the Hel 5876 A line are
shown for both clockwise and counterclockwise
plasma rotation in Figure 2. The shape of the line
profile is decomposable into an unshifted component
originating from cold wall layers and a hot Doppler
shifted plasma line. In a first approach the line
shape is assumed to be affected only by thermal
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Fig. 2. Profile (side-on) of the Hel 5876 A line for clock-
wise (a) and counterclockwise (b) plasma rotation.

broadening and the measured profile is approxi-
mated by a dual Gaussian in a least squares fit.

L(4%) =a, exp {_ (j/ﬂl)z}
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Extending a method described by van Zandt et al.?
the line widths 44,, 44, and the shift 47, are op-
timized by iteration while the amplitudes a,, a, and
the background b can be calculated by linear regres-
sion. The mean neutral velocity is obtained from the
Doppler shift 42,. The ion velocity results from
the Doppler shift of the Hell 4686 A line (Figure 3).
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Fig. 3. Profile (side-on) of Hell 4686 A line (see Fig. 2).
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Ion and neutral gas temperatures up to 25 eV have
been obtained after correcting for instrument width
and Stark broadening.

Results

The measured velocities are compiled in Figure 4.
The average E/B velocity, which is derived from the
burning voltage according to E=U/(ro—r;) (ry,
r; being the electrode radii) ®, approaches v., within
10 us. The ions corotate with the luminous front at
the E/B velocity. Thus it is demonstrated that the
spoke velocity represents not only the phase velocity
of an ionizing front but the plasma mass velocity.

10°'ms’
5 ! .
—o— i o ions
©- :
4 i ; x neutrals
v, :4 | m [uminous fr.
3 ; o
o ! —— =0 E/B
. A
2 ! H >
L VAR P e
/ ' :
0 7"" : i B ]
0 20 40 ps 60

Fig. 4. Comparison of ion and neutral atom velocities with
E/B and luminous front speed. The exposure time is indi-
cated by horizontal bars.

During the first 10 us of the discharge a typical
situation for the critical velocity phenomenon is
realized when a magnetized plasma penetrates a
neutral gas at velocities greater than v, . The ob-
served braking of plasma motion and accelerating
of the neutrals confirm a strong plasma-gas inter-
action. It is demonstrated in this experiment, that a
causal connection between the braking and the
voltage limitation exists.

A quasisteady state of an almost fully ionized
plasma rotating at a velocity close to v, can be
maintained in phase (2). In the decay phase (3)
the ion motion is slowed down to the decreasing
neutral velocity.

Conclusions

The azimuthal velocities of ions and neutrals in a
rotating plasma at high currents are for the first
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time determined directly from Doppler shifted spec-
tral lines and can be compared with simultaneously
measured spoke and E/B velocities. It is demon-
strated that, in the build-up phase, braking of the
plasma motion to a value near Alfvén’s critical
velocity occurs. This braking is associated with a
strong transfer of drift energy to the neutral gas.
Rapid electron heating, which was observed in the
linear gun experiment?, is expected in the present
case to be responsible for the fast rise of plasma
density during the build-up phase and for the high
intensity of the Hell line. We attribute the limita-
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tion of the plasma velocity in the fully ionized phase
to the action of the critical velocity phenomenon in
partially ionized wall layers 8. This will be subjected
to further investigations.
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