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Reduced Brillouin scattering from multiline CO2 laser interaction with a plasma
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Experimental verification of reduced stimulated Brillouin scattering (SBS) is reported for mul-

tiline CO2 laser radiation interacting with high-density plasma. For long-pulse (40-nsec) irradia-

tion SBS was observed to decrease from 15% to a negligible level when the spectrum of the in-

cident laser pulse was changed from 1 to 2 or more well-separated frequencies. Results for both
long- and short-pulse multiline laser conditions are in general accord with the expected behavior
for varying Dao/yo, where Ace is the frequency separation and yo is the homogeneous growth

rate.

Strong stimulated Brillouin scattering (SBS) of
laser light is known to occur when high-intensity
laser radiation interacts with high-density, long-
scale-length plasma such as would be found in pellet
coronas in laser-driven fusion. " Techniques which
have been suggested for reducing the impact of
parametric instabilities such as SBS include the use of
broadband or multiline laser oscillators. ' In previous
related work, random-phase and comb amplitude
modulation have been used at microwave frequencies
on low-density plasma to produce similar effects to
that expected for multiline oscillation, ' but there
have been no published results for laser irradiation
experiments. We report here on laser-plasma interac-
tion experiments in which multiline oscillation of a

CO2 laser has been successfully employed to demon-
strate reduced plasma Brillouin backscatter as com-
pared to that induced by single-line oscillation {with
the same total focused intensity) for both long (40-
nsec) and short (2-nsec) pulses.

The laser used in the experiments described here is
a transversely excited atmosphere (TEA) CO2 laser
providing a 30-J, 40-nsec gain-switched pulse which
when focused generates a peak intensity on target of
10' W/cm'. This laser could also be injection
mode-locked by a pulse chopped from the output of a
second oscillator to generate a train of 2-nsec pulses
with peak focused intensities of 1.7 x 10"W/cm' in

the leading pulse. The target was a laminar oxygen
gas jet which, when ionized, gave a long underdense
shelf of density n =0.3—0.4n, with a nominal interac-
tion length of 125 p, m determined by the f/2 focus-
ing optics and half-power SBS reflectivity.

Figure 1 shows the experimental arrangement
which included input beam monitoring of energy,
power, and spectral content. The SBS was temporally
resolved using high-speed Ge:Au detectors {and vari-
ous bandpass filters). Both the input beam and SBS
were spectrally resolved with a monochromator (24-A
resolution) and detected with an infrared multichan-
nel analyzer.
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FIG. 1. Experimental layout. Both incident and reflected
radiation are monitored simultaneously for power, energy,
and spectral behavior.

Multiline lasing was achieved by installing SF6 cells
in both the injection and slave oscillators. By adjust-
ing the cell SF6 fill pressure and buffering to 1 atm of
helium, the laser cavity characteristics were modified
to lower the gain at 10.59 p, m and allow for compet-
ing lines to grow. In general, we observed a change
from multiline lasing in the 10.6-p.m band at low SF6
fill pressure to multiline lasing in the 10.3-p, m band
with increased SF6 to mixed 9.5- and 10.3-p, m bands
at yet higher SF6 pressure and finally only 9.5-p, m ra-
diation at the highest SF6 pressure. Details of the
method will be published elsewhere. In both gain-
switched and injection mode-locked multiline lasing,
the peak power of the laser output was lower than for
single-line lasing because of the additional losses in-
troduced by the intracavity absorption cells. This,
unfortunately, limited experimental comparison mea-
surements to lower focused intensity.

The dramatic reduction in SBS reflectivity which
can be achieved is summarized in Fig. 2 for long-
pulse irradiation experiments in which the frequency
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FIG. 2. Total power reflectivity (SBS plus specular) for
40-nsec laser-pulse incident on the oxygen target; single line

( ~ ), two-to-four line (J). The 2% residual reflectivity is

specular.

difference Aced for the multiline case is greater than
the SBS homogeneous growth rate yo. The measured
reflectivity of 15% which obtains for single-line
(10.59 p, m) target irradiation at an incident intensity
of 3 x 10"W/cm' is reduced to 2% with two equal
intensity lines at 10.59 and 10.55 pm (for the same
total laser power on target). The frequency separa-
tion Ice = 6 x 10" sec ' may be compared with
yo= vo/2c (coo/cv, ) 'l'

ca~; = 3.2 x 10" sec ' for each
line under our experimental conditions, where coo,

~, and as~; are the frequency of pump wave, ion
acoustic wave and ion fluctuation, respectively, and
vo is the electron oscillating velocity in the pump wave.

The residual 2% reflected power did not change
with three- or four-line oscillation in the 10.6-p, m
band. Furthermore, the remaining reflected light was
predominantly specular, showing the long-pulse tem-
poral features of the incident radiation as compared
to the much shorter spike characteristic of SBS (&5
nsec). This suggests that the backscatter process was
nearly completely eliminated in the two-line pump
and that the specular light resulted from some other
mechanism such as critical layer reflection which
depends only on the total incident intensity.

The overall trend in reflectivity (R) for single-line
target irradiation can be accounted for by a model
which includes convective gain (6) on the heavily
damped ion waves' along with Kruer's ion heating
model' for self-consistently relating reflectivity and
damping (details to be published elsewhere). The
convective growth of backscatter is given by
R (1—R) = aexp[G(1 —R)] where a is an initial
noise level and G varies linearly with the focused in-
tensity I. Therefore dividing the input intensity into
N independent (i.e., Ace )) yo) but equal lines
should have a dramatic effect on R since the effec-
tive gain for each line is reduced to G/N. The ob-
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FIG. 3. Spectra of incident and reflected radiaton for two
lines of unequal intensity (a) and for three lines of unequal
intensity (b) where anomalous effects are observed. Note
that the 10.274 p, m, while small, is not zero in (b) and that
a negligible level of SBS was found for the 10.26-p, m line.

0
The wavelength scale is 6.2 A per point and the instrumental
width has been deconvoluted in this data.

served reduction in SBS agrees well with the predic-
tions of such a model.

In contradistinction to the substantial reduction in
SBS noted above, when the laser was operated in the
10.3-p,m band with adjacent line separation
b, ao = 2.7 & 10" sec ' -yo, the observed reduction of
SBS was considerably less than for the previous case
of larger line separation. For roughly equal line in-
tensity at 10.289 and 10.274 p, m at a total irradiance
of 5 x 10"W/cm, the SBS reflectivity, shared equal-
ly between two lines, was reduced by a factor of -1.3
from single-line lasing at 10.289 p, m. Spectral
features of the two individual Brillouin components
did not change with incident power, maintaining a
characteristic 40—80-A line shift and 30—65 A full
width at half maximum (FWHM) for the shot-to-
shot variation in plasma conditions. The small effect
of two-line irradiation on SBS in this case is attribut-
ed to the lack of wave decoupling when hw = yo.

Further evidence of anomalous behavior when d ao

did not significantly exceed yo in the multiline case is
shown in the spectral data of Fig. 3. When the laser
output was adjusted so that one line was of much
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higher intensity than the adjacent line [Fig. 3(a)], the
SBS reflectivity of the weaker line approached unity
whereas the dominant line maintained approximately
9% reflectivity. For this particular shot, the line in-
tensity ratio was 1:11and the SBS ratio was 1.2:1, in-
dicating that, within experimental error, the weak line
is entirely Brillouin reflected. This suggests that the
strong pump is driving up ion fluctuations from
which the weaker line can scatter.

In addition, when a third line at 10.26 p, m was in-
troduced, the presence of the 10.274-p, m line, though
very weak, led to only moderate reduction in SBS re-
flectivity with anomalous spectral characteristics as
shown in Fig. 3(b). While we might have expected
significant reduction in SBS for the two strong lines
only (d, ru & yo), the presence of the weaker inter-
mediate line closely coupled to the stronger lines
(hcu = yo) has altered the behavior dramatically.
Indeed, as is clearly seen in Fig. 3(b), the reflectivity
for the very weak line is greatly enhanced while the
reflectivity for the strong line at 10.26 p, m is greatly
reduced. These spectra point out the complicated
behavior that may arise for multiline irradiation when
the separation hem does not significantly exceed the
growth rate yo and hence the reduction in SBS reflec-
tivity is moderate.

In order to determine whether any significant tem-
poral variations in SBS existed for multiline irradia-
tion, the gain-switched laser was operated for con-
venience on lines at 10.28 and 9.55 p, m for which
separate filters and Ge:Au detectors could readily be
used. As expected, for two widely separated lines
(hr» = 1.4 && 10"sec » yp) the reflectivity was great-
ly reduced. Within the instrumental resolution of 2

nsec, both lines exhibited identical characteristics in

input and SBS reflection, thus precluding scattering
from different lines at different times in the laser-
plasma interaction. In addition, the fact that low-
level SBS associated with two widely separated lines

were temporally coincident suggests that the mechan-
ism for terminating SBS is dependent more on rapidly
changing plasma parameters than on pump charac-
teristics.

Finally, SBS reflectivity measurements were made
with the injection mode-locked laser system produc-
ing 2-nsec pulses in order to verify similar behavior
for short-pulse irradiation. Unfortunately, the addi-
tional cavity losses referred to before when operating
multiline limited the laser output power and hence
focused intensity to a region for which the single-line
reflectivity is low to start with. We note that for
single-line, short-pulse irradiation at high intensities
()10"W/cm ), SBS reflectivities of 85% have been
measured. For our maximum available intensity of
2.8 x 10' W/cm in multiline operation, the single-
line (10.289 p, m) reflectivity was (2.0+0.3)%, the
two-line (10.289 and 10.274 pm) reflectivity was
(1.2 + 0.6)% and the three-line (10.289, 10.274, and
10.26 p, m) reflectivity was (0.5 +0.1)%. Evidently
the reduction in SBS reflectivity is not as dramatic as
that found for the higher initial reflectivity, long-
pulse case where Ace ) yo. Nevertheless, the
behavior is consistent with that expected for a smaller
line separation and the predictions of the convective
amplification model discussed earlier.

In conclusion, we have experimentally demonstrat-
ed that multiline laser irradiation indeed leads to re-
duced Brillouin backscatter in laser-plasma interac-
tion. We find that the reduction is substantial for the
case of line separation satisfying hem & 7 0 (indepen-
dent ion waves) and moderate for the case hem ( yo
(nonindependent ion waves). Such a reduction in
SBS and in other parametric processes may be neces-
sary in order to achieve efficient target coupling in

large scale length, long-pulse laser fusion plasmas.
The present results indicate that multiwavelength ir-
radiation may be a valuable technique for reducing
the undesirable effects of such parametric instabilities.
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