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INTRODUCTION 

SRI International has completed a combined experimental and theoretical investigation of 
the basic physics and material properties needed to describe and predict the Brillouin gain for a 
variety of materials of interest to Lawrence Livermore National Laboratory (LLNL). LLNL has 
identified transverse stimulated Brillouin scattering (SBS) as an important mechanism that will limit 
the subaperture size of frequency conversion crystal arrays in high-power laser fusion systems. At 
sufficiently high intensities, SBS drives acoustic vibrations that ultimately lead to damage of the 
crystals. The BriUouin parameters must be known to predict the intensity limit that can be safely 
used in design studies. In addition, it is necessary to understand the fundamental physics of the 
buildup of the Stokes wave propagating transversely to the pump laser direction, particularly in the 
transient regime. This knowledge can be used to devise suppression schemes that will allow much 
higher laser fluences to be used before the crystal array is damaged. 

Brillouin scattering is the scattering of light by acoustic (density) waves. Density variations 
modulate the index of refraction, and the spatially varying index of refraction scatters light In 
strong light fields, stimulated Brillouin scattering can occur. In this case, the beat frequency 
between die electric fields of the incident wave and the (frequency shifted) scattered wave is in 
resonance with the acoustic wave. Coupling between the three waves gives rise to amplification of 
the scattered light and the acoustic wave. The process is analogous to stimulated Raman scattering, 
which involves scattering from molecular vibrations or rotations. Compared to Raman scattering, 
Brillouin scattering typically has a larger cross section but a narrower linewidth. For this reason, 
stimulated Brillouin scattering tends to arise at lower intensities for narrowband (e.g., single-
mode) lasers, while stimulated Raman scattering dominates for wider bandwidth (e.g., multimode) 
lasers. 

The important parameters for Brillouin scattering are the linewidth TB, the line shift COB, 
and the cross section 0"B, which is related to the stimulated gain coefficient g. The traditional 
method for measuring these parameters is spontaneous Brillouin scattering.1-5 A narrowband laser 
excites the medium under study, and the scattered light is dispersed and analyzed with a multiple-
pass Fabry Perot interferometer,1-4 or even a double-pass double monochromator.5 Also, fixed-
frequency Brillouin gain measurements were performed over two decades ago in experiments 
using a Brillouin oscillator as a probe laser for measurements in liquids6-7 and glasses.7 These 
experiments, although remarkable for their time, were limited by the single fixed frequency 
available from the Brillouin oscillator and the higher noise levels entailed in using a pulsed 
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Brillouin-shifted laser as a probe laser. Some tunabihty was obtained by using mixtures of liquids. 

The technique of stimulated gain spectroscopy implemented under this project at SRI offers 
significant improvements in resolution and signal to noise ratio. This technique is very well 
established for Raman spectroscopy,8-9 and it has been applied to Brillouin scattering in 
gases. 1 0 - 1 2 The technique offers less sensitivity to background radiation and scatter, no large 
Rayleigh peak at zero shift, high spectral resolution (limited only by the laser), and negligible solid 
angle effects on Brillouin shift and linewidui measurements. 

This report describes the work completed during this project. SRI's accomplishments 
include the development of a theory of stimulated Brillouin scattering in anisotropic media, the 
measurement of high-resolution gain spectra in a variety of crystals and glasses of interest to 
LLNL, and the theoretical and experimental investigation and characterization of transient effects in 
stimulated Brillouin scattering. 
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RESEARCH ACCOMPLISHMENTS 

A. THEORY OF STIMULATED BRILLOUIN SCATTERING 

A theory of stimulated Brillouin scattering in anisotropic crystals has been developed and 
implemented to analyze our experimental measurements.13 The theory extends previous work,14 

which usually considered isotropic density variations, by expressing the coupling terms using 
arbitrary elastic displacements and the photoelastic tensor. A key result is the derivation of analytic 
expressions for the expected laboratory signals. These expressions include transient effects, and 
they clearly relate die material properties of a crystal to experimentally accessible quantities. This 
section summarizes the most important theoretical results; a more detailed discussion is contained 
in Appendix C. 

The experimental situation is that a pulsed pump laser at frequency (OQ crosses a 
continuous-wave (cw) probe laser of frequency to. As the probe laser is tuned, temporal variation 
of the gain or loss imposed on the probe laser is measured during the pump laser pulse. The 
analysis of this signal as a function of time and probe frequency allows the determination of the 
Brillouin gain g, linewidth TB, and frequency shift cog-

The Brillouin scattering can be described theoretically as follows. Starting with Maxwell's 
equations as formulated by Kroll,15 we derived a one-dimensional propagation equation that 
describes the evolution of the Stokes wave as it interacts with a pump laser pulse. This equation is 

If=S8 ̂ (t) J ' E*p (t) ̂  ("*'° «? {- (r •j A a)(t-V)]dt' (1) 

where Es is the probe pulse, np is the index of refraction for the pump, Ep is the pump laser 
(assumed undepleted), and Am=<Oo ± a>B - <•>. The direction of propagation of the probe pulse is 
defined to be the z axis; we neglect the small angle between this direction and the Poynting vector. 
The gain coefficient g depends on the experimental geometry and the material properties. The 
explicit expression, which involves the directions of the pump and probe beams, the orientation 
of the crystal axes, and the photoelastic tensor, is presented in Appendix C. 

The signal measured experimentally is the fractional amplification of the probe pulse, which 
corresponds to 
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lEp(L,t)IHEp(0,t)|2 
s(w.o = ; r: (2) 

lEp(0,t)|2 

L is the propagation distance, which is the dimension of the crysta! along the probe beam. We 
have shown that Eq. (1) can be formally solved to determine s(co,t) in die small signal limit. Since 
typical experimental signals s(co,t) near resonance are on the order of 1%, such an approach is well 
justified. At each frequency co, one can define an integrated signal 

S(co)=J s(co,t)dt (3) 

This integration can be performed electronically during a measurement. The general form of S is a 
convolution of the Lorentzian response of the Brillouin medium with the power spectrum P of the 
pump pulse. Thus, S exhibits a peak at the resonant frequency co = coo ± t°B> and the position and 
width of this resonance determine COB and I"B. Typical examples of the behavior of S(co) are 
shown in the next section. 

The absolute gain can be determined from the following result: 

J ~ S(co)dco = | r B g L J ^ Ip(t)dt (4) 

where I p is the pump pulse intensity. This result is important, because it clearly relates the material 
properties to experimentally accessible quantities. The result is independent of the detailed pump 
pulse shape; only the total pump pulse energy needs to be known. This formula has been used in 
much of the analysis of the experimental data. 

We also note that if one assumes that the pump pulse has a Gaussian temporal profile, 
further analytic results can be obtained. One can derive an expression, given in Appendix C, for 
the signal s(co,t) in terms of a complex error function. This formula has provided an essential tool 
for more detailed analysis of the experimental results. 

B. HIGH-RESOLUTION BRILLOUIN GAIN SPECTROSCOPY IN 
CRYSTALS AND GLASSES 

In the presence of large optical intensities such as those possible with focused lasers, 
significant stimulated gains can be realized for scattering processes, including Raman, Brillouin, 
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and Rayleigh scattering. By overlapping a strong "pump" laser beam and a weaker "probe" laser 
beam in a sample, gain or loss may be induced on the probe beam. By scanning the frequency of 
either the pump or probe laser, spectroscopy can be performed on the resonant scattering modes of 
the sample. This technique is referred to here as gain spectroscopy. 

SRI International has developed an apparatus for gain spectroscopy. This apparatus, 
shown in Figure 1, has been used for measurements in a variety of materials. The pump laser is 
a frequency-doubled, SRI-built, injection-seeded, single-mode Nd:YAG laser, which provides 
pulses with a transform-limited bandwidth Oess than 20 MHz). A half-wave plate and polarizer are 
used to vary the pump intensity. The probe laser is a commercial cw single-mode ring dye laser 
(Coherent 699-29) with a linewidth of a few megahertz. Both beams are passed through spatial 
filters to provide good spatial modes for accurate absolute measurements. A chopper wheel is used 
to chop out a 100 us pulse from the dye laser to avoid saturation of die photodiode. The pump and 
probe beams are overlapped at a small crossing angle in the sample. After passing through the 
sample, the probe beam passes through another spatial filter to discriminate against scattered light, 
and the intensity is measured with a fast photodiode. To perform absolute measurements of the 
gain coefficient, the intensity of the pump beam must be known. For this purpose, a pyroelectric 
or thermopile energy meter is used to measure the pump pulse intensity, a video camera is used to 
measure the beam spatial profile, and a photodiode is used to measure die temporal pulse width. 

The linewidth of the Nd:YAG laser has been measured using two-color saturation 
absorption spectroscopy. The principle is the same as saturation spectroscopy with a single laser, 
except that two lasers are used. The experimental setup is the same as shown in Figure 1, except 
that a low pressure iodine cell is placed in the intersection of the beams instead of a solid sample. 
The frequency of the frequency-doubled Nd:YAG is adjusted by changing the temperature of the 
seed laser so as to lie on an iodine absorption line. This moves population out of the ground state 
on that transition, and a dip in the iodine absorption can be measured with the cw probe laser. By 
tuning the cw laser, we can determine an upper bound on the time-averaged linewidth of the overall 
pump-probe system, which is the most important measure of the laser linewidths for the stimulated 
Brillouin gain measurement technique. Using two-color saturation absorption spectroscopy, we 
have demonstrated that the pump laser linewidth is transform-limited to below 20 MHz. 

Figure 2 shows the longitudinal and transverse gain peaks in a full scan for fused silica, 
and Figure 3 shows the high-resolution gain spectra of each peak. Absolute measurements of 
the gain coefficient on fused silica have been used as a standard. Measurements of die other 
samples are then made relative to the results for fused silica. Because of the importance of the 
measurements for fused silica, several different techniques were used. The results provide four 
independent measurements of the gain coefficient, which are all in agreement Table 1 compares 
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Table 1 

COMPARISON OF MEASUREMENTS OF THE BRILLOUIN GAIN 
COEFFICIENT FOR FUSED SILICA 

Method Brlllouin Gain Coefficient 
(cm/GW) 

Peak of temporal gain 2.9 ± 0.5 
Integrated temporal gain 3.0 ± 0.5 
Relative to toluene 2.9 ±0.5 
Relative to xenon 2.9 ± 0.5 

Table 2 

MEASUREMENTS OF THE ELASTO-OPTIC COEFFICIENT P12 FOR FUSED SILICA 

Source Value 

Vedam 1 8 0.285 
Prima* and Post1 7 0.270 
Schroeder18 0.286 
Heiman, et al. 1 0.283 
This work 0.243 
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the results of the four methods, which are described in detail in Appendix C. The absolute gain 
measurements determine the elasto-optic coefficient P12, which is compared with earlier 
measurements in Table 2. 

A complete tabulation of our results appears in Table 3. The uncertainty expressed for each 
value is the statistical scatter for each value, and it demonstrates the reproducibility of the measure
ments. The estimated absolute errors are 0.5% for lineshifts and velocities, 5% for linewidths, and 
20% for absolute gains. Values for the elasto-optic coefficients determined from these data are 
given in Table 4. Elastic constants from the data are given in Table 5. 

C. TRANSIENT EFFECTS IN STIMULATED BRILLOUIN SCATTERING 

Transient effects may be expected in stimulated Brillouin scattering when the length tp of 
the incident laser pulse is less than or roughly equal to the acoustic lifetime 1/TB. The material 
response time, which is just 1/TB, should then be observable. This situation is formally equivalent 
to the case of stimulated Raman scattering. However, the effects in Brillouin scattering are more 
dramatic because the acoustic lifetimes tend to be much longer than the Raman lifetimes. We have 
investigated transient effects experimentally and have compared the results with the predictions of 
the theory described above in Section A. 

For our experimental situation, the pump pulse is approximately Gaussian and the Stokes 
amplification is small. As shown in Appendix C, die expected signal is then described by the 
following equation: 

l ^ f - f r B ^ e x p [ - 2 ( ^ ] R e w [ ^ + i f | * - $ <» 
g ip L ~ 

where Re w is the real part of the complex error function, and the pump intensity is given by 

I(t) = I?exp[-2(tAp)2l (6) 

Eq. (5) allows straightforward calculation of transient responses for a pump beam with a gaussian 
temporal profile. 

We have tested the validity of Eq. (5) by investigating transient effects in gadolinium 
gallium garnet (GGG). This crystal has the narrowest linewidth (longest material relaxation time) 
of all the crystals we have studied. The experiment used the same apparatus described above in 
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TaWa 3 
BRILLOUIN MEASUREMENTS AT 532 nm 

Sampl** 

Pump 
Polari
zation 

Pump 
k 

Vactor 

Brillouin 
LInawldth 

(MHz) 

Brillouin 
Shift 

(crn-H 

Staady Stat* 
Gain 

fcm/GW) 

Acoustic 
Velocity 

(m/a) 
Rafractlva 

Indax 
Danalty 
g/em a 

ao 2 

Pump 
Polari
zation 

Pump 
k 

Vactor 

163.0 1 7.6 1.0685 ±0.0018 2.90 ±0.15 5945.6 ±10.0 1.4607 2.202 
Sp2"A" 167.6 ± 13.5 1.0873 ±0.0003 2.69 ± 0.22 5939.1 ±1.6 1.4607 2.202 
KD'P X z 101.5 ± 7.5 0.9921 ± 0.0020 3.53 ± 0.31 5390.9 ±11.0 1.4683 2.355 
KD'P z X 120.0 ± 6.9 0.9209 ± 0.0029 4.57 ± 0.38 4874.6 ± 15.4 1.5073 2.355 
KO'P 2 z 107.4 ± 7.2 1.0175 ±0.0052 5.09 ± 0.40 5385.8 ± 27.5 1.5073 2.355 
KDP.THG 72.9 ± 5.7 0.9518 ± 0.0012 6.50 ± 0.95 5126.5 ± 6.6 1.4813 2.332 
d-LAP X y 84.1 ± 3.5 0.8458 ± 0.0017 20.70 ± 2.99 4471.8 ± 8.8 1.5090 1.600 
d-LAP X z 100.4 ± 7.5 0.8402 ± 0.0014 10.99 ± 1.88 4442.3 ± 7.2 1.5090 1.600 
d-LAP y X 79.8 ± 6.3 0.6530 ± 0.0029 27.96 ± 2.85 3305.1 ± 14.9 1.5764 1.600 
d-LAP y z 104.1 ± 5.2 0.8805 ± 0.0003 12.25 ± 0.93 4456.5 ± 1.5 1.5764 1.600 
d-LAP z X 82.3 ± 6.2 0.6548 ± 0.0016 29.85 ± 2.40 3296.6 ± 8.1 1.5847 1.600 
d-LAP z y 91.9 ± 5.1 0.8903 ± 0.0013 24.33 ± 3.26 4482.7 ± 6.6 1.5847 1.600 
d-LAP. THG 94.8 ± 8.4 0.8383 ± 0.0024 17.45 ± 3.41 1.600 
LAA y b 100.4 ± 7.6 0.6964 ± 0.0003 24.90 ± 3.75 
BK3 196.6 ± 6.6 1.0461 ±0.0012 1.78 ±0.13 5561.4 ± 6.5 1.5008 2.370 
LHG-8 219.0 ± 6.2 0.9262 ± 0.0008 2.74 ± 0.23 4624.9 ± 4.3 1.5316 2.830 
BK7 165.0 ± 8.6 1.1550 ± 0.0013 3.32 ±1.59 6064.9 ± 6.7 1.5195 2.510 
CaF2 45.9 ± 8.9 1.2368 ±0.0395 4.08 ± 0.65 6886.0 ± 219.5 1.4354 3.179 
Ptaxiglasa 253.7 ± 12.6 0.5229 ± 0.0012 2792.9 ± 6.4 1.4938 1.1*0 
Toluan* 1215.1 ± 69.1 0.2534 ± 0.0105 8.29 ± 0.58 1347.2 ± 55.8 1.5000 0.8667 
Methanol 334.0 ± 16.6 0.1870 ± 0.0005 13.72 ± 1.24 1121.0 ± 3.0 1.3310 0.7903 
GQG 13.5 ± 7.4 0.8761 ± 0.0051 0.94 ± 0.46 3532.7 ± 20.7 1.9788 7.090 
Xanon, 7590 torr 98.1 1 8.9 0.0218 ± 0.0008 1.38 ± 0.19 172.7 ± 6.3 1.0069 0.05767 
Xanon, 6840 torr 107.4 ± 16.9 0.0209 ± 0.0010 165.7 ± 7.9 1.0062 0.05159 



Tabla 4 

ELASTO-OPTIC COEFFICIENTS 

Material Coafflclant Valua 

S1O2 P12 0.243 ± 0.017 

P12 0.237 ± 0.027 

KD*P P12 0.230 ± 0.024 

P31 0.204 ± 0.024 

P13 0.219 ± 0.022 

KDP.THG P' 0.221 ± 0.037 

d-LAP Pxy 0.306 ± 0.046 

Pxz 0.244 ± 0.046 

Pyx 0.257 ± 0.033 

Pyz 0.225 ± 0.020 

Pzx 0.264 ± 0.029 

Pzy 0.294 ± 0.043 

BK3 P12 0.192 ± 0.015 

LHG-8 P12 0.237 ± 0.021 

BK7 Pi 2 0.245 ±0.118 
CaF 2 P12 0.210 ± 0.053 
Toluene P12 0.305 ± 0.030 

Methanol P12 0.272 ± 0.028 

GQQ P12 0.019 ± 0.014 
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Table 5 

ELASTIC CONSTANTS 

mutt rial Coefficient Value (GPa) 

Si02 C11 77.806 ± 0.185 

C11 77.636 ± 0.030 

KD'P C33 55.960 ± 0.251 

C11 68.441 ± 0.198 

C11 68.312 ± 0.494 

d-LAP Cxx 17.477 ±0.111 

Cxx 17.388 ± 0.060 

Cyy 31.996 ±0.089 
Cyy 32.152 ± 0.067 

Czz 31.575 ±0.072 

Czz 31.777 ±0.015 

LAA <%b 30.873 ± 0.019 

BK3 C11 73.302 ± 0.122 

LHG-8 en 65.883 ± 0.084 

BK7 en 92.325 ± 0.145 

CaF2 C11 150.738 ± 6.794 

Plexiglass en 9.282 ± 0.030 

Toluene C11 1.573 ±0.092 

Methanol C11 0.993 ± 0.004 

QQS C11 88.607 ± 0.733 
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Section B. The second harmonic of an injection-seeded Nd:YAG laser at 532 nm is used as the 
pump beam, while the Stokes beam is generated with a cw ring dye laser pumped by an Ar+ laser. 
The beams are overlapped in a counterpropagating geometry, and the gain is measured with a fast 
photodiode. Gain signals are digitized with a fast oscilloscope with a digitizing camera. To 
minimize uncertainty due to triggering effects, both the pump pulse and the fractional Stokes gain 
are digitized on every shot 

A measurement of the gain signal in GGG on resonance is shown as the bottom trace in 
Figure 4. The upper trace is a measurement of the pump pulse. The proper relative timing of the 
pump pulse and gain pulse is obtained by lining up the two reference pulses, which are established 
by bouncing scattered pump light through a long path onto the same photodiode that detects the 
gain pulse. The delay in the peak of the Stokes gain relative to the peak of the pump pulse is 
evident This delay is due to the dependence of the Stokes wave on the time history of the pump 
and Stokes waves [Eq. (1)]. The physical cause is that the acoustic wave continues to grow as a 
consequence of the driving force created by the pump and Stokes waves, even after the pump wave 
begins to decrease. Because the acoustic wave and pump wave drive the Stokes wave, the Stokes 
wave can continue to grow after the pump pulse. This delay in the peak of the Stokes wave is 
most dramatic in the transient regime, where the acoustic lifetime is comparable to or longer than 
the pulsewidth, or characteristic time over which the pump wave varies. 

On resonance, this delay is controlled by the product of the Brillouin linewidth and the 
pump pulse length (Tatp), as seen from Eq. (5). Since the pulse length can be easily measured, the 
delay may be used to measure the Brillouin linewidth. A relation between the degree of transiency 
Tetp and the delay on resonance (tfeiaj/tp), may be determined from Eq. (3). This relation is 
plotted in Figure 5. We performed the measurements for t p = 26 ns, which corresponds to a 
full width at half maximum (FWHM) of 31 ns. The delay was determined to be about 6 ns, 
corresponding to (tdelayAp) = 0.23. From Figure 5, we then find Tnt. = 2.2. corrasponding to 
a linewidth of (in frequency units) Ax> = TB/ZJI = 13.5 MHz. 

This value can be compared with the linewidth measured explicitly using stimulated gain 
spectroscopy. Such a measurement for the GGG sample is shown in Figure 6. As discussed in 
Appendix C, the lineshape is described by a Voigt profile. Because the line is so narrow, the 
(transform-limited) laser linewidth makes a significant contribution to the linewidth. We determine 
the Brillouin linewidth by fitting a Voigt profile to the data, where the Gaussian component is fixed 
at the transform equivalent of the pulsewidth. The fit is shown as the solid line in Figure 6. The 
average of several scans gives a value of 13.8 MHz for the linewidth. The good agreement with 
the result of the delay measurement supports the validity of the transient theory. 
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Figure 4. Delay of gain pulse in GGG. 

15 



r B t p 

Figure 5. Delay of peak of gain pulse as a function of degree 
of transiency. 
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Another interesting effect occurs when the Stokes wave is detuned from resonance. 
The solid lines in Figure 7 show the measured form of s(Ao).t) as the probe is tuned through 
resonance. For certain values of detuning of the probe, the signal exhibits ringing: the gain 
becomes negative. This effect was observed previously in a quantitative study of transient 
stimulated Brillouin scattering using a Brillouin oscillator as a Stokes probe.19 The cause for the 
negative gain can be found by pursuing the same physical arguments mentioned above. In the 
transient regime the acoustic wave persists over time scales comparable to the temporal width of 
the pump pulse. Because die Stokes wave is not on resonance, the driving force from die acousdc 
and pump waves slips out of phase with the Stokes wave, leading to loss on the Stokes wave. 

This behavior is predicted by Eq.(3); a theoretical simulation of the data is shown by the 
dashed lines in Figure 7. The parameters needed for the simulation are the value of rstp, the 
overall amplitude glpL, the time for the peak of the pump pulse, and the detuning Aco. We use 
measured values for tp (9.5 ns for these measurements) and 1~B (2JC- 13.8 MHz from the Brillouin 
linewidth measurements). The overall amplitude glpL was determined from die temporal integral 
of the signal at line center (Aco = 0). The time corresponding to the peak of the pump pulse was 
determined by fits to the gain signal. The detuning for each trace was found by taking a ratio of the 
temporal integral to that of the trace at line center, and using the Voigt profile for the corresponding 
pulse width and linewidth to relate temporal amplitude to detuning. The agreement between the 
experimental and theoretical simulation traces in Figure 7 is quite good considering that each trace 
represents a single laser shot, and that no compensation for jitter in the timing or pump pulse 
amplitude has been performed. 

Careful analysis of Figures 6 and 7 suggests an asymmetry so far not included in the 
theory. The ringing of the experimental traces in Figure 7 is somewhat greater on the red side of 
line center than on the blue side, whereas die theoretical formula is symmetric. While Figure 7 
shows behavior for gain on the probe, a similar result is obtained for loss on the probe beam 
(corresponding to Wpobe = topump + WBrillouin)- F ° r a '°ss signal, the ringing is again more 
pronounced when the probe is tuned on the red side of the resonance. The fact that the pump laser 
has been proved to be transform-limited to below 20 MHz indicates that chirp on the pulsed laser 
is probably not the cause of this asymmetry. Furthermore, the asymmetry persists when an 
optical isolator is placed between the dye laser and the experiment and since the frequency doubter 
serves as an isolator for the Nd:YAG laser, it is unlikely that feedback of Brillouin scattered light 
into cither laser is causing the asymmetry. We can model this behavior phenomenologically by 
postulating an absorption process,14 which forms a temperature grating and leads to a modification 
of Eq.(3) in which Re[w] is replaced by Reftl-iy/y^w], where 7» and f are the absorptive and 
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Figure 7. Transient Brillouin gain signals for GGG. 
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electrostructure coupling constants.14 This modification is supponed by the fact that there is some 
asymmetry in the shape of the spectral line of GGG in Figure 3, corresponding to that expected for 
thermal Brillouin scattering. However, the ratio "ftf f ° r GGG at 532 nm is on the order of 1%, 
much too small to produce the observed effects. 

Our analysis of stimulated Brillouin scattering has led to a theoretical model, which has 
been tested by comparison with experimental measurements. We have observed the delay in the 
material response of the crystal GGG to a short pump pulse, and this delay correlates well with 
the Brillouin lifetime measurer4 *~ ' neans. This agreement attests to the reliability of the 
experiments and the theory. 
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SUMMARY 

We have measured absolute Brillouin gain coefficients, linewidths, and frequency shifts for 
a variety of laser glasses and crystals at 532 nm. We have also developed a theoretical model that 
has been validated by comparison with the experimental measurements. 

A number of candidate crystals for laser fusion optical components have been investigated. 
Those of most interest to LLNL were KD?, deuterated KDP (KD*P), deuterated L-argentine 
phosphate (d-LAP), and L-argentine acetate (LAA). Table 3 indicates that KD*P has the lowest 
Brillouin steady state gain coefficient (g) of the above mentioned crystals, comparable to fused 
silica. Surprisingly, the gain coefficients of d-LAP and £AA are almost an order of magnitude 
larger. KD*P also has the lowest transient gain parameter (gl*B)> which is lower than that of fused 
silica because its width TB is about 30% lower than that of fused silica. The implications are that 
KD*P is the best candidate for optical components where stimulated Brillouin scattering is an 
Issue, and that d-LAP and LAA are unsuitable. 

The major uncertainties at present are whether the gain coefficients at the operating 
wavelength of 350 nm can be reliably predicted by applying classical scaling formulas (g-V^ to 
our data at 532 nm, and whether the current scheme of Brillouin suppression by increasing the 
laser bandwidth20 will perform as expected at higher power levels. The current indications are that 
the margins of uncertainty are tolerable. Further investigation, partiu-Iarly measurements at 355 
nm, would be necessary for greater confidence. 
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