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It is demonstrated that coherent light emission can be used to investigate collective processes in a beam-plasma discharge. The
spectrum of oscillations excited in the interaction between an electron beam and a plasma is investigated by Fourier analysis
of the intensity fluctuations of coherent radiation in the discharge. An expression is obtained for the frequencies that bound
the range of applicability of the method. Frequencies generated by the photodetector are taken into account in the treatment

of the spectrograms.

I T has been shown in*+?) that collective processes in
a plasma can be investigated effectively through a
Fourier analysis of the directly observed intensity
fluctuations of spontaneous spectral lines. This pro-
cedure can be used to study the frequency spectrum
and the hf field strengths of stochastic and regular
oscillations excited in a plasma. However, the utiliza-
tion of spontaneous radiation for plasma diagnostics is
handicapped by the low intensity of this radiation and
by the lack of sufficiently sensitive photodetectors for
high enough frequencies. These difficulties are unim-
portant when coherent induced radiation in the optical
region is used for the diagnostics. It has been shown
in/! that coherent radiation can be generated in a high-
temperature plasma.

The inversion of the level populations, and therefore
the generation, is caused by the development of insta-
bilities. Therefore the parameters of induced light
emission depend on the parameters of the collective
processes developed in a high-temperature plasma.

By investigating the modulation of induced light in-
tensity we can obtain a picture of the frequency spec-
trum excited in a plasma and learn some characteris-
tics of the frequencies. The high intensity of this radi-
ation makes it unnecessary to have highly sensitive
photodectors. Detectors of coherent radiation have
been developed for high frequencies up to about 40 GHz.
The investigation of light generation can yield additional
information about both collective and elementary
plasma processes. In the present work we have inves-
tigated the possibility of studying the spectrum of hf
oscillations excited in a beam-plasma discharge by
analyzing the induced light emitted from the discharge.

Figure 1 is a schematic diagram of the apparatus.
The beam-plasma discharge was generated by a pulsed
electron beam inside an optical resonator formed by
spherical mirrors with a dielectric coating. The beam
current reached 30 A at 40 keV; the pulse length was
90 usec. The discharge was generated in an argon
atmosphere. The maximum electron density of the
plasma was 2x 10*® cm™. The induced light in the
discharge represented transitions of singly ionized
argon in the blue-green region of the spectrum.

Detailed investigations of the generating mechanism
have shown®) that the generating level is pumped by
plasma electrons accelerated through their interaction
with hf fields excited in the plasma by the development
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FIG. 1. Diagram of apparatus and experiment. 1 —electron gun, 2—

mirrors of optical resonator, 3—discharge chamber, 4—lens system, 5—
window for discharge diagnostics, 6—solenoid, 7—collector, 8 —prism.

of beam instability. Thus the fluctuations of the gener-
ated intensity bear information about the frequency
spectrum of the oscillations excited in the plasma, the
plasma temperature, and the density distribution in the
cross section of the discharge.

The oscillation spectrum was studied by investigat-
ing the fluctuations of coherent radiation intensity in
the Ar II transitions 4p°D/, — 4s’Ps/, (wavelength
4880 A) and 4p*D2/; — 4s°Ps/, (51454). The radiation
passed through a DMR-4 monochromator to an FEU-36
photomultiplier operated for maximum time resolu-
tion, Signals from the photomultiplier were fed to the
input of the high-speed oscillograph, whose sweep was
triggered at the required time relative to the start of
the current pulse. The oscillograms were recorded on
film to permit a Fourier analysis that yielded the os-
cillation spectrum. The form of this spectrum deter-
mined the observed form of the intensity fluctuations.

The spectrum can be determined through Fourier
analysis of a single oscillogram only in the case of
ergodic systems. The justification for using this pro-
cedure in our case is given inlH4),

Figure 2a shows an oscillogram of the intensity
fluctuations of 4880 A coherent radiation and the spec-
trum (obtained by Fourier analysis) of oscillations ex-
cited in the plasma. At the same time we studied the
oscillation spectrum by means of the spontaneous radi-
ation representing the same transition. Figure 2b
shows an oscillogram of the intensity fluctuations of
spontaneous radiation and the corresponding spectrum
obtained by Fourier analysis.
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FIG. 2. Oscillogram and derived spectrum from (a) modulation of
the coherent radiation intensity, and (b) modulation of the spontaneous
radiation intensity.

The maximum frequency wmax of oscillations ex-
cited in the plasma, which determines the modulation
of the radiation intensity, is obtained from the relation

OmarT T 1,

where 7 is the upper-level lifetime in the observed
transition. In our case wmgx ~ 100—120 MHz. The
study of the oscillation spectrum through analysis of
the spontaneous emission is not limited in the direc-
tion of low frequencies. For the case of coherent radi-
ation the studied oscillation spectrum has a low fre-
quency limit given by
o A 2e,E%c(1— R)

™ (N —Ny) hond '
where €, is the dielectric constant of the active
medium, E is the field strength of the light wave in
the resonator, ¢ is the velocity of light, R is the re-
flection coefficient of the resonator mirrors, d is the
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distance between the mirrors, fi is Planck’s constant,
w2 is the frequency of the observed transition, N, and
N. are the respective population densities of the upper
and lower laser levels. We obtained this expression in
the small perturbation approximation from balance
equations written for a three-level generating system,

In the treatment of the data it must be taken into
account that the photomultipliers themselves can gener-
ate intense hf oscillations in a broad frequency range.
We therefore investigated the spectrum of intrinsic
photomultiplier frequencies that were generated when
the photocathode was exposed to coherent and to white
light in the working regime of the photomultiplier. The
regime used for the study of oscillations excited in the
plasma according to the intensity modulation of the
spectral lines was designed to permit us to neglect the
intrinsic noise of the photomultiplier.

The use of coherent radiation for plasma diagnostics
enables us to obtain additional data regarding the
plasma parameters, to construct wide-range correlo-
meters, and to extend the range of the investigated
oscillations considerably into the high-frequency region.

In conclusion, the authors wish to thank Ya. B. Fain-
berg, L. I. Bolotin, and V. V. Slezov for their interest
and for useful discussions.
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