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Laser radiation was found to be scattered more strongly in a plasma than by thermal fluctuations. An
increase in the scattering signal was observed when the threshold condition for the excitation of a
parametric instability in a plasma by electromagnetic radiation was satisfied.

Our experimental study of the scattering of laser
radiation in a plasma revealed a considerable increase
in the power of the scattered radiation corresponding to
the ion component of the spectrum, compared with the
level of scattering by thermal fluctuations. The scatter-
ing experiments were carried out using a ruby laser of
30 MW output power, whose beam was focused into a
plasma in a 0.3 mm diameter spot. The wave vectors of
the incident and scattered radiation were mutually per-
pendicular. The radiation was scattered by a plasma of
a laser-generated spark during later stages, ranging
from microseconds to tens of microseconds after break-
down. The scattering was collective (@ = 1/krp > 1).
The power scattered by thermal fluctuations was calcu-
lated for the ion component of the spectrum using the
known values of the concentration and temperature and
applying Eq. (1) (a signal representing the plasma-scat-
tered radiation was measured relative to a signal of the
Rayleigh scattering in a gas):
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where ng is the electron concentration; no is the number
of gas molecules per unit volume; oR is the Rayleigh
scattering cross section of a gas; op is the scattering
cross section of a plasma for the ion component of the
spectrum.
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The scattering cross section % was found from the
formula
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where o is the Thomson scattering cross section and

@ = 1/krp (k is the length of the difference wave vector,
defined as the geometric difference between the wave
vectors of the incident and scattered radiation, and rp
is the Debye radius of electrons, which depends on the
concentration and temperature).

The electron concentration and temperature in the
spark plasma were deduced from the collective scatter-
ing spectra.

Figure 1 shows a sequence of the collective scattering
spectra of a laser-spark plasma at four moments ranging
from 3.6 usec (uppermost curve) to 30 usec (lowest
curve) after breakdown. The spectra consist of a central
ion peak and two electron satellites, separated by a dis-
tance decreasing with time.

The electron concentration was determined by com-
paring the measured frequency shift of the electron
satellites in the scattered-radiation spectrum with the
electron plasma frequency. Allowance was made for the
temperature correction due to the dispersion relation-
ship governing plasma waves. The plasma temperature
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was found from the width of the ion peak profile, obtained
as a result of interferometric measurements with a
Fabry-Perot etalon.

The time dependences of the electron concentration
and temperature are plotted in Fig. 2. These dependen-
ces were used to calculate the signal due to the scatter-
ing by thermal fluctuations and to plot the time depend-
ence of this signal (curve 1 in Fig. 3). The error in the
determination of the signal represented by curve 1 was
less than 10%. The only exception was the scattered-
radiation signal corresponding to 30 usec. The value of
the signal calculated for this moment, relative to the
signal due to scattering in air, was within the range
0.07—0.16. The large error (about 40%) in the deter-
mination of the amplitude of the scattered-radiation
signal was due to lack of the value of the corresponding
electron temperature at t = 30 ysec.?

Curve 2 in Fig. 3 gives the values of the scattered-
radiation signal for the ion peak found experimentally
int3 and in earlier studies.[?s*J It is clear from Fig. 3
that the measured signal was in agreement with the sig-
nal due to scattering by thermal fluctuations only during
the first 10 pusec. In the case of scattering by thermal
fluctuations in the absence of plasma perturbation by a
laser beam, the scattering cross section should be inde-
pendent of the pump wave power. Measurements were
carried out using laser power reduced by a factor of 60
at a time t = 3 usec. ) As expected, weakening of the
laser beam reduced the scattered-radiation signal in
direct proportion to the laser power.

FIG. 1. Microphotograms of the collec-
tive scattering spectra.
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r FIG. 3. Time dependences
1.0k of the intensity of the scattered

radiation: 1) calculated curve,

L 2 representing the scattering by

- [ thermal fluctuations; 2) experi-
0.1k mental curve.
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In the time interval between 10 and 20 usec, the scat-
tering signals represented by curves 1 and 2 in Fig. 2
diverged. Att = 30 usec, the experimentally determined
scattering signal was over three times as high as the
signal due to the scattering by thermal fluctuations.

This considerable increase of the scattering signal
could be due to the excitation of a parametric instability
in the plasma. The threshold for the excitation of ion-
acoustic oscillations in a plasmal*] corresponded to the

pump wave power density such that the oscillatory and
thermal velocities of electrons reached
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where v = (kTg /me)l/ ? is the thermal velocity of elec-
trons (Tg and mg are the electron temperature and
mass), Vv = eE/mw, is the oscillatory velocity of an elec-
tron (E and wo are the intensity and frequency of the
pump wave field), wg and yg are the frequency and damp-
ing decrement of 1on-acoust1c waves, we is the electron
Langmuir frequency, y Vei e/ 2w? is the damping
decrement of transverse waves (vg; is the electron-ion
collision frequency).

In an isothermal plasma with a strong damping of
ion-acoustic waves (yg ~ wg), the ratio (V/VT)th repre-
sents several percent for a plasma at a temperature of
about 1 eV with an electron density of 10°—10*" cm™>.
Between 10 and 20 usec, the threshold value of this
velocity ratio should decrease from 0.08 to 0.045 due to
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the fall in the electron density. In our experiments, the
power density of the ruby laser radiation was about

4 x 10" W/cm? which corresponded to an oscillatory
electron velocity ¥ = 2.5 x 10° cm/sec. The ratio of the
oscillatory to the thermal velocity @/VT)exp’ found ex-
perimentally at different moments from the beginning of
a spark discharge, is plotted in Fig. 4. As the plasma
cooled, the velocity ratio increased. In the interval be-
tween 10 and 20 usec, the experimental velocity ratio
(v/vT)exp was 0.05—0.06, in good agreement with the

threshold values for the parametric interaction between
laser radiation and plasma.

The authors are grateful to Professor V. E. Golant
for his interest in this investigation, and to A. D. Pilin
and V. I. Fedorov for discussing the experimental re-
sults.

DThe range of possible temperatures at t = 30 usec was 1.15-0.5 eV and

this was the range employed in the calculation of the scattered-radiation
signal and of the temperature correction to the plasma frequency (used
to determine the electron configuration). The upper limit of 1.15 eV
corresponded to the temperature measured during the preceding moment
t =21 usec. The lower limit of 0.5 eV was selected with a large margin.
At these very low temperatures, the degree of ionization of a plasma

was very low. This was in conflict with the measured value of the elec-
tron concentration, which exceeded 10'¢ cm™.
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