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Two-plasmon decay in a CO2-laser —plasma interaction experiment

A. A. Offenberger, A. Ng, L. Pitt, and M. R. Cervenan
Department of Electrical Engineering, University of Alberta, Edmonton, Alberta, Canada

(Received 21 October 1977)

Two-plasmon decay has been observed in a CO,-laser-gas-target-plasma interaction experiment. The
spectrum of 3/2-harmonic radiation has been measured and the threshold intensity for decay determined. An
experimental value of -2 X 10" W/cm' is in reasonable agreement with theoretical predictions for an
inhomogeneous plasma.

Radiation-induced instabilities are expected to
play an important role in high-intensity laser beam
coupling to a plasma, particularly in pellet-fusion
schemes. When the focused laser intensity exceeds
a threshoM value, determined by damping or con-
vective losses or loss of wave-matching conditions
in an inhomogeneous plasma, a variety of longitu-
dinal wave modes can build up from noise giving
rise to stimulated scattering or noncollisional ab-
sorption of the incident radiation. One such pro-
cess, to be reported on here, is the decay of an
incident wave, frequency ~» into two longitudinal
plasma oscillations, frequency (d~, potentially im-
portant since for ~, =2~~ coupling occurs in the
underdense region near 4n, (n, being the critical
density, i.e., where &o, = &u~) thus leading to ab-
sorption in the outer plasma corona.

In the situation where the inhomogeneous plasma
scale length determines threshold and growth of
these waves, it is important to know how the
greater plasma scale length associated with longer
hydrodynamic times influences the two-plaslnon
decay. Experiments have been reported previously
for Nd- and GO, -laser interaction with solid tar-
gets. " Both Pant et al. ' and Fabre et al.2 found a
threshold character for —,

' ~0 emission, attributable
to Raman scattering of laser radiation from plas-
mons with frequency 2 ~,. spectral measurements
in both cases showed blue-shifted as well as red-
shif ted components, characteristic of solid-target
experiments where critical density is always ob-
tained and reflection can occur from the rapid
outward motion of the critical surface. It is dif.—

ficult, in such experiments, to know the full spec-
trum of interacting waves giving rise to backseat-
tered harmonics of the fundamental.

We wish to report measurements on CO, -laser-
induced two-plasmon decay in an underdense-gas-
target plasma which does not have the added corn
plication of a critical density layer expanding to-
wards the incoming laser beam. This permits an
unambiguous view of laser-plasma interaction at
the —, critical density.

More complete details of the gas-target experi-

ment which was devised to study all parametric
instabilities from well underdense to & critical to
critical density will be reported elsewhere Ba.-
sically, a,s shown in the schematic diagrams of
Figs. 1 and 2, CO, -laser radiation is focused into
a free-jet gas target formed at an orifice in a cell
which has been puff-filled with hydrogen gas to
any desired neutral density, thus predetermining
the maximum electron-ion plasma density. The
gain-switched CO, laser has a maximum multi-
mode energy of 50 J in the initial 40-nsec FWHM
pulse width, which when focused by a 10-cm focal
length off-axis paraboloid mirror to a focal spot
of 250-p, m FWHM gives peak intensities &10'2 W/
cm'. Maximum intensities employed here were
610"W/cm'. The beam could be attenuated in a
propylene cell to vary the incident laser intensity.
Linearity of power and energy attenuation were
checked separately.

Emission of —,
'

&a, radiation (-7 p, m) was collected
by the input focusing optics, spectrally analyzed
using a monochromator with effective instrumental
width of 60 A (set by the monochromator slits) and
detected by a high-speed Ge:Cu infrared detector.
Narrow-band filters centered at 7 p, m and GaF,
windows were used to provide additional discrim-
ination against 10.6 p, m and other wavelengths;
rejection of 10.6 p, m was greater than 5 x 10'. The
response mme of the detection system was better
than 2 nsec. Simultaneous detection of stimulated
Brillouin-Compton scattering' (SBS) using a fast
Ge:Au detector was used to monitor the interaction
and provide a timing reference.

Temporal measurements gave the following re-
sults for —,

' eo emission from underdense plasma
with n&4n, . The 7-p, m radiation was found to be
maximum nearly coincident (within our timing
resolution of 10 nsec) with both the peak of the en-
velope of temporally modulated 10.6-p, m back-
scatter and the (nonmodulated) incident laser
power. In comparison with a 20-nsec FWHM for
SBS, a characteristic width of 10 nsec was found
for 7-p, m emission which also showed temporal
modulation as peen in Fig. 3. No direct correla-
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FIG. 1. Schematic dia-
gram of CO2-laser-gas-
target and backscatter opti-
cal geometry.
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tion of temporal modulation was found for the 7-
and 10.6-p, m signals which varied from shot to
shot.

The absolute level of —,
'- ~, emission collected by

the focusing mirror was measured to be -3 && 10 '
of the peak-incident laser power which can be
compared with a 2(d, level of -2 && 10 ' and scat-
tered 0 level of -0.2, though the instantaneous
value of the latter is almost certainly higher
since the detection bandwidth is not adequate to
follow the short pulse spiking. In general the
presence of & +, emission was found to be corre-
lated with strong SBS.

The detailed spectrum of 7- p.m radiation is
shown in Fig. 4; it is entirely red-shifted with
respect to 2 co, centered at 7.06 p, m. This is to
be contrasted with the blue-shifted component
normally observed in addition to red-shift in
solid-target interactions. In the present experi-
ment, of course, only underdense plasma exists
in the interaction region. Moreover, the hydro-
dynamic response time is much less than the 20-
nsec rise time of the incident laser pulse which

permits considerable radial expansion (leading to
asymptotic density depression on axis in a time
& 10 nsec as shown by hydrodynamic simulation).
In addition, streak photographs show a nearly
stationary axial plasma column of =600 p, m in
length at the time of maximum —,

' ~, signals which
corresponds well with the calculated focal depth
of 500 p, m. Consequently, no blue-shif ted emis-
sion is anticipated. The peak emission is shifted
—+ 110 A or gN ——4.2 x 10 sec" . This fre-
quency shift at 7 p, m is slightly greater than 2(d„
where ~, is the measured shift in the Brillouin
backscatter at 10.6 p. m, though the large instru-
mental width used for measuring the 7- p. m spec-
trum limits the accuracy to perhaps 30/p. Such a
shift seems likely related to ion acoustic effects
since strong Brillouin (and Compton) scattering is
observed.

In addition to spectral measurements, the thresh-
old intensity for decay was determined from the
intensity dependence of backscattered —,

'
&u, emis-
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FIG. 2. Close-up view of the free-jet gas target. CO2-
laser focus is approximately 3 mm inside the iris.
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FIG. 3. Temporal structure of ~ coo emission.
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FIG. 4. Spectrum of ~ co, emission. Data i.s averaged
over at least six shots per point for laser intensity of- 5& 10"VV/cm'. .
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sion. These measurements are summarized in
Fig. 5. Two important features are discernible.
At the lowest incident power for which 7-p, m
emission was detectable, the growth out of noise
is not sharp —a feature also found in Nd experi-
ments. This is to be anticipated for spatial growth
prevailing over absolute instability. At higher
power, the curve exponentiates though for the
maximum intensity available the level of —,e, is
not fully developed, i.e., growth remains near
threshold.

The estimated experimental threshold, subject
to the usual uncertainties of power and focal di-
mensions, is -2 x 10"W/cm'. For a finite length
plasma (f) and inhomogeneity scale length I., the
criterion given by Pesme et al. ' for inhomogeneity
to be more important than boundedness is given by

yg II
'

I IViV2 I""& w~ere &' 's the»ope tn w»e-
number mismatch, V, and V, are group velocities
of the decay-product waves, and y0 is the homo-
geneous growth rate. For our case this condition
is well satisfied and thus inhomogeneity, even

..taking the scale length L to be the full axial plas-
ma length, is thought to dominate wave growth.
In such circumstances, Rosenbluth gives a
criterion for significant spatial growth as
2mygIk'IIV, V~I»1. Since yo and Landau damp-
ing are both increasing with wave number k,
if we assume optimum growth for plasma waves
satisfying AX~-0.2, this criterion reduces to
a threshold intensity slightly different from
that given by Rosenbluth, chiefly through a
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T' ' versus linear temperature dependence. We
fmd I» 0.55 T'~'/I, where T is in eV, I. is in
mm, and I is in 10~' W/cm'.

For our experimental values of T=115 eV, L
=600 p, m, derived from analysis of stimulated
Brillouin backscattering data, 4 a threshold inten-
sity of 10~' W/cm' is obtained. There is, of
course, some uncertainty in the position of the —,

'
critical surface though it most certainly occurs
within the 600- p, m length of plasma which is
emitting light. This would imply an uncertainty in
focused intensity of a factor of 2. Within these
limits agreement to within a factor of 2 between
experiment and theory can be considered ade-
quate. This experimental determination comple-
ments the measurements of Fabre et al.' and
Sigel et a/. ' in that variations in pump frequency,
temperature, scale length, and target have given
similar results for predicted threshold intensities
in two-plasmon decay.

Incident Laser Power (relative)

FIG. 5. Dependence of 2 +0 emission on incident laser
power. Unity on the abscissa corresponds to - 2&&10

W/cm2.
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