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Thomson scattering was used to measure the Langmuir wave spectrum generated by stimulated
Raman scattering. This experiment detected Langmuir waves with components both parallel and
antiparallel to the incident laser's wave vectés. The parallel component was attributed to
stimulated Raman scattering. However, the Langmuir waves moving antiparallg| ¥chich cannot
be explained by stimulated Raman scattering, were attributed to the Langmuir decay instability.
[S0031-9007(96)00605-9]

PACS numbers: 52.35.—q

The saturation of Langmuir waves in plasmas is arantiparallel to the incident laser wave vector. In contrast,
important issue in many applications involving plasmasstimulated Raman scattering only drives Langmuir waves
These applications include inertial confinement fusion [1]with components in the same direction as the incident laser
particle accelerators [2], current drive in tokamaks [3],wave vector. Thus any Langmuir waves traveling antipar-
and x-ray lasers [4]. In laser-produced plasmas, Langmuillel to the laser wave vector must be due to the Langmuir
waves may be driven by several instabilities, one of whichdecay instability or another mechanism which can reverse
is stimulated Raman scattering (SRS). In SRS, an inciderihe wave vector of the Langmuir wave.
electromagnetic wave resonantly drives a Langmuir wave The experiments were performed using the LULI laser
and a scattered electromagnetic wave [5,6]. Much of that Ecole Polytechnique. The layout of the experiment
prior work on SRS has been focused on its onset, whicls shown in Fig. 1. The plasma was formed by two
proved difficult to understand [7—11]. Few experimentscounterpropagating 0.526m beams impinging upon a
have looked directly for these saturation mechanisms [124.2 um thick, 440um diameter, CH foil. Thesg'/6
14]. Many recent simulations and analyses have indicateglasma formation beams contained random phase plates
that the Langmuir decay instability may be responsible fowith 0.75 mm elements which produced an approximate
the saturation of SRS [15-18]. The present work is, t&FWHM focal spot size on target of 36@m. The f/6
our knowledge, the first experimental study of the three
wave process known as the Langmuir decay instability in
laser-produced plasmas. Thomson scattering

The Langmuir decay instability involves the decay of a
Langmuir wave into a second Langmuir wave and an ion
acoustic wave. This instability can be driven by the Lang-
muir waves produced by stimulated Raman scattering, two
plasmon decay, the ion acoustic decay instability, and othel .
mechanisms as well. For the present experiment stimu- cmers
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waves. The primary Langmuir wave spectrum driven by R
stimulated Raman scattering is also much simpler than the Raman diagnostic

prlT%r')l(tspeC{[rum ;jrlven bg either tshe qur.] aﬁoutstlc dleca){:IG- 1. Experimental setup showing the Thomson scattering
Instability or two plasmon decay. opecitically, two plas- diagnostic, as well as the stimulated Raman scattering diag-

mon decay and the ion acoustic decay instability generatgostics from the 526 nm heater beam and theri interac-
Langmuir waves which have components both parallel andon beam.
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heater beam at 0.526m and thef /6 interaction beam beam intensity arounfl X 10'> W/cnm?. Hydrodynamic
at 1.053um were delayed by 1.1 and 1.7 ns from thesimulations using. ASNEX predict that higher interaction
preform beams, respectively. The heater beam containdzbam intensities would raise the electron temperature by
a random phase plate with 1.5 mm elements; however, approximately 200 eV.
random phase plate was not used on the interaction beam.The Thomson scattering probe beam at 351 nm was

Figure 2 shows data from the heater-beam Ramamcident on the plasma approximately 1.4 ns after the
diagnostic with the timing of beams drawn to the rightplasma formation beams. The use of a 3 to 1 ratio for
of the figure. The heater-beam Raman diagnostic ishe probe beam frequency to interaction beam frequency
shown in Fig. 1. This diagnostic employed a 0.25 mallowed the Thomson downscattered signal from the
spectrometer coupled through a streak camera to a chargangmuir waves traveling in the same direction as the
coupled device detector, and produced data regardingser wave vector to be scattered at nearly the same angle
experiment timing and plasma density. The features neaas the Thomson upscattered signal from the Langmuir
t = 0 are produced by scattering from the two preformwaves traveling in the opposite direction to the laser wave
beams at 526 nm, and appear in both first and seconeector. These signals were relayed to a spectrometer
order of the grating. The feature above 702 nm, driverfor spectral dispersion. The Fourier transform plane was
from r = 0.8 to 1.25 ns, is produced by SRS of the imaged onto the spectrometer slit and onto the gated
heater beam. It provides a measurement of the decay ofptical imager providing a measurement of frequency
the maximum density of the plasma during this period.versus wave number [13,21].
The feature at 702 nm, driven from= 1.2 to 1.6 ns, is The measurement of the Langmuir wave spectra
produced by Thomson scattering of the interaction bearby Thomson scattering and the corresponding Raman
from the Langmuir waves associated with two plasmorspectrum are shown in Fig. 3. This figure was taken
decay. (Two plasmon decay is driven by the interactiorwith a probe f/# of approximately 3.3 which allowed
beam when densities between 20% and 25% of its criticdor a large sampling of the Langmuir wave wave-number
density are present [19].) Finally, the feature abovespectrum. In Fig. 3(a), the longer wavelength feature
750 nm, driven fromt = 1.45 to 1.65 ns, is produced represents the Thomson downscattered feature from
by Thomson scattering of the interaction beam fromthe waves that copropagate with the laser, which we
Langmuir waves at lower densities.
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FIG. 2. Spectrum from the heater beam stimulated RamakIG. 3. Thomson scattering measurement of the Langmuir
scattering diagnostic. Relative beam timing is drawn along thevave spectrum using £/3.3 probe beam (a) and the backscat-
right side. The vertical axis represents relative time, while thetered electromagnetic waves (b) driven by thgrh interaction
horizontal axis shows the wavelength of the scattered lightbeam. The channels centered at 1275, 1305, and 1510 nm were
The contours represent factors of 2 in intensity. not functional.
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will refer to as SRS Langmuir waves [22]. The cen-wherek; is the SRS Langmuir wave number;y/n,.
tral feature at 351 nm is a combination of stray probeis the ion wave amplitude)p. is the Debye length, and
light and Thomson scattering from ion acoustic wavescsk;p/vip is the ratio of the real part of the frequency to
whose frequency shift is less than the resolution of theéhe amplitude damping of the ion acoustic wavg. is the
spectrometer. The shorter-wavelength feature represergsund speed anidp is the wave number of the ion acous-
Thomson scattering from Langmuir waves travelingtic wave.

opposite to the laser wave vector, which we will refer The Langmuir decay instability (LDI) can saturate
to as counterpropagating Langmuir waves. We haveéhe Raman process by increasing the damping on the
interpreted this feature as being due to the Langmuitangmuir wave [17], making SRS go below threshold for
decay instability, as discussed below. Figure 3(b) showabsolute instability. The threshold for absolute instability
the corresponding, time-integrated measurement of this given by

scattered electromagnetic waves driven by stimulated V nip n
: : > 0504 28 wherev g = 05w, —2 2
Raman scattering. These signals were measured XOR VLR LR % pe ’
VLR Noe Noe

coupling the backscattered signal from the interaction
beam through a 0.35 m spectrometer to a germanium (2)
photodiode array. The observed signals correspond very,. iS the plasma frequencyyor is the homogeneous
well to those one would expect from the SRS Langmuirgrowth rate for Raman scattering, aig@z and V. are
waves shown in Fig. 3(a). Figure 4 displays the result$he group velocities of the Raman scattered light wave
from a separate shot in which an aperture was placed iand SRS Langmuir wave, respectively. The damping is
front of the Thomson probe beam resulting irf A of ~ due primarily to the pump depletion term in the SRS
approximately 25. The explanation of the features is thd-angmuir wave equation. Upon combining Egs. (1) and
same as discussed for Fig. 3. In this case the measuréd) in conjunction with the measured ratio of the pump
signal was just above the detection threshold of thd-angmuir wave and the counterpropagating Langmuir
detector, which resulted in a reduced signal to noise ratiovave, the SRS Langmuir wave’s amplitude was inferred
The measured ratio of the amplitude of the SRS Langto be 0.05.
muir wave n;g/n,. to the amplitude of the counter- In order for the Langmuir decay instability to explain
propagating Langmuir waves p/n,. is 0.5 = 0.2. The the results of this experiment, this amplitude must be
coupled equations describing SRS and the Langmuir deabove the convective threshold for LDI [18],

cay instability [17] can be used to infer the relationship < — _ MR 40 |VLD ViD
between the amplitudes of the participating waves. With Y0P — VVLp¥iD = =~ LREDAL w0 e cskip
a CH plasma, the Landau damping on the ion acoustic 3)

waves is approximately 10% of the ion acoustic frequency i i .
[23] or Im[w;p]/Rwin] ~ 0.1. The strong damping ap- where vy p is the damping on the counterpropagating

proximation reduces the ion wave equation to an algebrait@ngmuir wave. The homogeneous growth rate for the
equation relating the ion wave amplitude to the product of-2ngmuir decay instability is defined agp ~ 0.25 X

the Langmuir pump and daughter wave amplitudes, @pi(nLr/Noe) (kip /kLp)y|@pe/cskip (eLr - eLp), where
. 1/ ek | e w,; is the ion plasma frequency; p is the wave number
D~ —< §2iD ) ﬁ< LR ﬂ), (1)  of the LDI Langmuir wave, and, z andé, , are unit vec-
Moe 2\ Vip /) kigAbe \Moe Moe tors along the wave vectors of the SRS Langmuir wave

and the LDI Langmuir wave, respectively. Ignoring the
damping effects of cascading, the convective threshold
for the Langmuir decay instability near 7% of critical

- N“”:"rlh" —— is approximatelynyg/noe = 0.005. This ampl.itude is
T o LT : T well below the v_alue obtained above suggesting that the
B a0 secondary 0 Raman Langmuir wave was above the damping threshold
L | decay feahwre it for Langmuir decay.

s F 1:, 3 Other explanations for the counterpropagating Lang-
E;’F I * ‘ muir waves have been considered. The most straight-

20 391- < . forward way of producing counterpropagating Langmuir

g fi';;';'{______ ] waves involves the propagation of the Langmuir waves
= [ ' b R produced by stimulated Raman scattering up the density

& TPV EVPREPIL TOTT! IR IYCTTIYEN 1Y TN gradient to their reflection point and back. This process

400 360 320 damps the Langmuir waves far too much to explain the

Wavelength (nm) observed ratio of amplitudes. While very large ion waves

FIG. 4. Thomson scattering measurement of the LangmuifMight in principle produce densities large enough to di-
wave spectrum using £/25 probe beam. rectly reflect SRS Langmuir waves, this would require
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