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of helium involves the balance between the pro-
duction of helium molecular ions during the after-
glow and their disappearance through recombina-
tion. It should be noted in passing that under the
conditions of these experiments, charged particle
diffusion is expected to be negligible with respect
to volume recombination.

It is generally accepted that the predominant
electron volume loss mechanism in a decaying
helium plasma of low charge density is recom-
bination with helium molecular ions, the He, +

being formed during the afterglow. At reduced
ion and electron temperatures, the associated
recombination coefficient, n, is expected to in-
crease' whereas the molecular-ion production rate
may be decreased. Thus by cryogenically cooling
the plasma, the possibility exists of obtaining, in

helium, a situation in which the electron loss
rate is predominantly controlled by the produc-
tion of its voracious recombination partner.
Temporary heating of the electron gas, with its
subsequent decrease in e, would then allow a
new higher steady-state concentration of He, +

to be approached at a rate dependent upon the
neutral-atom and electron number densities.
Removal of the source of heat with the attendant
relaxation of T would, in such a situation, re-

suit in a relatively large temporary increase in
the afterglow luminosity.

Such temporal variations in the relative ion
concentrations could also affect the microwave
absorption properties of the plasma through elec-
tron collisional excitation of low-lying rotational
states of the He, + molecule. Stabler' has in-
dicated that the cross section for such excita-
tion is large. Such considerations account qual-
itatively for the observed waveforms and their
behavior as a function of "heating" pulse length.
Attempts at experimental verification of the
various hypotheses are in progress.
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It has been predicted by Landau~ that electro-
static electron waves in a plasma of finite tem-
perature will be damped, even in the absence of
collisions. Landau's theory has been challenged
on various grounds' and a number of experiments
designed to detect the effect for electrostatic
electron waves or ion acoustic waves have been
reported. ' The existence of the damping is of
interest not only for its own sake, but because
the method of calculation has been widely used
for related problems. We report here prelimi-
nary results of an experiment designed to mea-
sure the Landau damping of electrostatic electron
waves. We observe heavy damping which exhibits
the expected dependence on phase velocity.

The machine which produces the plasma has
been described in detail elsewhere. ' The plasma
is produced in a duoplasmatron-type hydrogen arc

source and drifts from it into a long uniform
magnetic field of a few hundred gauss. The entire
machine is steady state. The resulting plasma
has, in a typical case, a radius of 7 mm, a
length of 230 cm, a density of 5x 108 electrons/
cm', and a temperature of 12+ 3 eV as measured
by Langmuir probes. . The background pressure
is 1.7x10 ~ Torr (mostly H,}. Hence, the Debye
length is about 1 mm, the electron mean free
path for electron-ion collisions is of the order
of 1000 meters and for electron-neutral collisions
is about 40 meters. The plasma is surrounded
by a stainless steel tube 3.8 cm in radius which
acts as a waveguide beyond cutoff to reduce elec-
tromagnetic coupling between probes. The plasma
density depends somewhat on distance from the
source.

Two probes, each consisting of a 0.2-mm di-
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FIG. 1. Raw data. Upper curve is the logarithm of
received power. Lower curve is interferometer output.
Abscissa is probe separation.
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ameter radial tungsten wire, are placed in the
plasma. One probe is connected by coaxial cable
to a chopped signal generator. The other probe
is connected to a receiver which includes a sharp
high-frequency filter, a string of broad-band
amplifiers, an rf detector, a video amplifier,
and a coherent detector operated at the trans-
mitter chopping frequency. Provision is made
to add a reference signal from the transmitter
to the receiver rf signal, i.e., we may use the
system as an interferometer. The transmitter
is set at a series of fixed frequencies, and at
each, the receiving probe is moved longitudinally.
The position of the receiving probe, which is
transduced, is applied to the x axis of an x-y
recorder, and the interferometer output or the
logarithm of the received power is applied to the
$ axis.

Typical raw data are shown in Fig. 1. The slope
of the power curve is the e-folding length for pow-
er damping of the wave. In the case shown this
is accurately exponential for two orders of mag-
nitude, and in fact more, since the range is lim-
ited by the range of the logging circuit. The wave
power in the plasma is of the order of 1 p, W/cm'.
A 30-dB reduction in transmitter power does not
change the damping length. The signal decreases
smoothly as the probe is retracted radially with
a half-maximum diameter about equal to that of
the density profile. The distance between peaks
on the interferometer curve is the wavelength,
which can be determined to 3$ over most of the
range of the experiment. From the measured
wavelengths and the transmitter frequencies we
plot the dispersion relation of the waves, Fig. 2.
These data have not been analyzed in detail, but
the absolute magnitude and shape of the curve
are approximately as expected for longitudinal

FIG. 2. Plasma-wave dispersion data. Ordinate is
angular frequency. Abscissa is parallel wave number.
Size of circles indicates errors.

electron oscillations in a strong magnetic field
when the radial density distribution and finite
temperature are included in the theory. '

In Fig. 3, the ordinate is the logarithm of
damping length. The confidence limits shown
indicate the uncertainty in fitting the slope of the
attenuation curves. The abscissa is the square
of the phase velocity, determined by multiplying
the measured wavelength by transmitter frequency.
This is our major experimental result. The solid
curve is the theory of Landau for a Maxwellian
distribution corrected approximately for the finite
size of the plasma. ' The theory predicts

v2 3 (1+3x ')"
—,+

( )
x 'exp(-,'x'),

where x = phase velocity/mean thermal velocity,
a =radius of the plasma, A =damping length for
power, K =parallel wave number. 7he mean
thermal velocity is not known with sufficient ac-
curacy from probe measurements for use in this
formula, so the theory has been normalized to the
data at one point. This normalization gives a
plasma electron temperature of 10.5 eV in good
agreement with probe data. Data from transmis-
sion in opposite directions differ only slightly.
The particles responsible for the damping have
three to four and one half times the mean thermal
velocity. Also kA+& 1 over the range of data.
This is the region in which the approximations of
the theory are most accurate. The theory assumes
a Mmovellian distribution function, but there is
no reason to believe that the distribution function
is exactly Maxwellian this far out on the tail. A
high-precision comparison to the theory would
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