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Modification of the growth of scattering processes in the case of 
multiple beam irradiation compared to single beam irradiation has 
been investigated in a preformed plasma using Thomson scattrering 
of a short wavelength probe beam, and spectral and temporal 
analysis of reflected and transmitted light. First observations of the 
reduction of the amplitude of ion acoustic waves associated with 
stimulated Brillouin scattering, amplification of the amplitude of 
electron plasma waves associated with stimulated Raman scattering, 
and transfer of energy between crqssing beams with same frequency 
in a flowing plasma under crossed beam irradiation are reported. 

1. Introduction 

In the indirect drive approach to inertial confinement fusion 
(ICF) several laser beams will be focused and overlap near the laser 
entrance hole. Interaction processes between these beams and the 
underdense plasma in this region can be influenced by crossing 
effects. Parametric instabilities (Kruer 1988 ; Baldis et al. 1991), like 
stimulated Brillouin and Raman scattering (SBS and SRS) and 
filamentation, have deleterious effects for laser fusion (Lindl 1995) 
and the modification of their growth under multiple beam irradiation 
compared to single beam irradiation must be understood to design 
efficient fusion scheme. Energy transfer between crossing beams 



can affect the initial symmetry which is controlled by adjusting the 
relative power of the different beams. 

Modification of interaction processes between one laser beam 
and a plasma, in the presence of other laser beams, can proceed from 
different effects. The region of beam overlap will result in higher 
intensity than was present in an individual beam, and non linear 
processes will be affected by this increase of intensity. Theoretical 
studies have predicted that collective parametric instabilities can 
have lower thresholds than single-beam instabilities when 
considering many overlapping beams (DuBois et al.1992 ; Rose et al. 
1992). In the cases of SBS and SRS the geometry and the symmetry of 
the beams are important to produce this effect. A well-defined 
resonance of the amplitude of ion acoustic waves associated with SBS 
has been observed along the bisecting direction between two laser 
beams (Baldis et al. 1996). In the case of two beams, energy transfer 
through ion acoustic waves has been studied both in the case of 
beams with different frequencies in homogeneous plasmas, and in 
the case of beams with same frequency in presence of plasma flow 
(Kruer et al. 1996 ; Eliseev et al. 1996 ; McKinstrie et al. 1996). Energy 
transfer between two frequency-mismatched laser beams has been 
observed to be maximum when the difference in the frequencies of 
the two beams was comparable to the frequency of the ion acoustic 
wave (Kirkwood et al. 1996). It has also been observed that crossing 
CO2 laser beams of identical frequency can causes oscillations in the 
beam intensities on the time scale of the ion wave frequency by 
driving ion waves nonresonantly (Marsh et al. 1994). 

In this paper, we present experimental results on the 
modification of stimulated Brillouin and Raman growths in backward 
and side directions when two beams are simultaneously focused into 
the plasma compared to one beam irradiation. These results are based 
both on direct measurements of the amplitude of the plasma waves 
associated with these instabilities using Thomson scattering of a 
short wavelength probe beam, and on SBS reflectivities. We also 
report on the observation of energy transfer between two crossing 
beams with same frequency in a flowing plasma. These two 
experiments were performed with the same beam configuration and 
timing, but with different electron density of the plasma. In the 
following, we will refer to experiment 1 for the SBS, SRS studies, and 
experiment 2 for the transfer of energy study. 

2. Experimental set-up 



The experiments have been ’ performed using the six-beam 
laser facility at LULI, to produce the interaction between one or two 
1.053 mm laser pumps and a well-characterised underdense, 
preformed plasma. A scheme of the laser beam configuration and 
timing is shown in Figure 1. 

Interaction beam C 
h=l.O53ym 

Interaction beam F 
h=l.O53p,m 

lasma producing beam 
h=0.53l.t.m 

eating beam, h=0.53pm 

Probe beam, 
h=0.35ym 

1 Beam timing; 

FIGURE 1 : Scheme of the experimental set-up 

Three 0.53 pm beams were used to preform and heat the plasma 
from a thin exploded foil. Two identical 1.053 pm laser beams were 
focused with f/6 lenses through random phase plates (RPP) in the 
plasma with 2 ns time delay with respect to the plasma forming 
beams. Their focal spot diameters were 320 pm, and maximum 
average intensities were 1Ol4 W/cm2. The angle between the two 
beams was 22.5” and the axis of symmetry of the plasma was placed on 
the main interaction beam axis which were beams F and C, 
respectively for experiments 1 and 2. For some shots the heating 
beam was used as an interaction beam to study the effect of the 
geometry of the crossing beams with respect to the Thomson 
diagnostic. The sixth beam was used as a probe beam, with 0.35 ,um 
wavelength, to produce scattering off the plasma waves produced by 
the parametric instabilities. 

The targets were thin plastic (CH) foils, with initial foil 
thickness 1.2 Km. The electron density of the plasma was modified by 



changing the total energy of the three plasma producing beams from 
150 J to 15 J (at 20). In the first case (experiment l), the plasma was 
fully characterised using time-resolved spectra of the Thomson 
scattered light off electron plasma waves associated with SRS. 
Temporal evolution of the electron density profiles along the laser 
axis and temperature were deduced from these spectra during the 
interaction laser pulse. The maximum electron density, on the laser 
axis, varied between 0.3 and 0.08 nc (where nc is the critical density 
for 1.053 pm light), the density scalelength was 500 pm, and the 
electron temperature was 0.5 keV. Comparison with 2D 
hydrodynamical simulations provided good agreement with these 
measurements. The second type of plasma (experiment 2) was 
characterised using spatial and temporal evolution of the 5/2w 
emission, produced by the coupling between the 30 probe beam and 
o/2 plasmon produced by the two plasmon decay of the interaction 
beam. This harmonic emission provided information on the position 
of the quarter-critical layer as a function of time and comparison 
with 2D hydrodynamical simulations indicated that the electron 
density on the target axis evolved from 0.45 to 0.2 nc during the 
interaction pulse. 

The geometry of the Thomson scattering diagnostic was 
designed so the collected light corresponded to backscatter 
instabilities of beam F, both for SBS and SRS. The scattered light was 
sent to three streak cameras, of which two were coupled with 
spectrometers. The temporal, spectral, and spatial intensity of 
electron plasma waves (EPW and of ion acoustic waves (IAW) 
associated respectively with SRS and SBS was analysed. The second 
important diagnostic for these experiments was another 
spectrometer coupled with a streak camera which provided time- 
resolved spectra of the SBS light collected in the focusing lens of 
beam F in experiment 1, and of light transmitted along beam C in 
experiment 2. 

3. Effect of crossing beams on SBS and SRS in backward 
and side directions 

We have studied the effect of crossing beams on SBS and SRS by 
measuring the variation of the scattered light intensity off the 
plasma waves as a function of the second beam intensity. Intensity of 
the Thomson scattered light is proportional to the square of the 
plasma waves amplitude, so it gives direct information on the growth 
of the scattering mechanisms. Results are shown in Figure 2. They 



represent the total scattered intensity, integrated in space, time and 
spectrum off IAW associated with SBS of beam F (Fig. 2-a), and off 
EPW associated with SRS of beam F (Fig. 2-b). In both cases we have 
observed that the scattered intensity off plasma waves associated with 
beam C was negligible compared to the scattered intensity off plasma 
waves associated with beam F. This is in agreement with what was 
expected from the amplitude of plasma waves associated with 
sidescattering processes compared to backscattering processes. 
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FIGURE 2 : Modification of the intensity of the Thomson scattered light off ion 
acoustic waves (IAW) associated with stimulated Brillouin scattering and 
electron plasma waves (EPW) associated with stimulated Raman scattering as a 
function of the secondary beam intensity 

These results are the first observation of the reduction of the 
amplitude of ion acoustic waves associated with stimulated Brillouin 
scattering and amplification of the amplitude of electron plasma 
waves associated with stimulated Raman scattering under crossed 
beam irradiation. A reduction of the SBS light collected in the 
focusing lens of beam F was observed in the case of two beams 
irradiation in agreement with the reduction of the LAW intensity. 

More complete studies indicate that same effects happen with 
different geometries of the beams with respect to each other and 
with respect to the Thomson scattering diagnostic, but that the 
reduction or amplification factors depend on the geometry. This 
indicates that the observed effects are not produced simply by the 
increase of intensity, or modification of the intensity distribution, in 
case of two beams irradiation. We have also observed independent 
modification of the amplitude of IAW and EPW when using different 
geometries, which indicates that the observed results can not be 
explained only by the competition between SBS and SRS. 



We think that coupling between the plasma waves associated 
with the two beams is the most likely process to produce the observed 
change of growth of SBS and SRS. In the case of SBS, it has been 
observed in numerical simulations (Cohen et al. 1995), that the 
presence of secondary IAW produced by another beam can decrease 
the growth of the primary IAW because of mode coupling. The 
secondary IAW are acting as a perturbation to the SBS growth, and 
total SBS is reduced in case of multiple beam irradiation compared to 
one beam irradiation, This was an unexpected result, which is a good 
news for ICF experiments. This interpretation is in agreement with 
previous experiments which showed a very narrow resonance on the 
amplification of IAW amplitude for IAW along the bisecting direction 
between the two beams, and reduction of IAW amplitude for all the 
other directions. In the case of experiments described in this paper, 
the scattered light was collected in an angle three times larger than 
the one used to observe the resonance effect, so that the reduction is 
stronger than the amplification which can not be observed. The 
amplification of EPW associated with SRS is not well understood yet. It 
may be produced by the seeding of the instability by the other beam 
through resonance conditions between the electron plasma waves. 
These resonance conditions may be easier to get than for the IAW, 
because of the dependency of the EPW frequency on electron density. 
This interpretation is in agreement with the fact that the 
amplification factor depends on the position of the beams with 
respect to the Thomson scattering diagnostic. 

4. Transfer of energy between crossing beams in a 
flowing plasma . 

The transmitted energy of beam C was collected with an f/3 
lens, off-axis from beam C by 3”, and with a larger aperture than the 
one of beam C. This light was temporally and spectrally resolved. We 
studied the total level and spectral composition of transmitted energy 
of beam C with and without beam F. Figure 3 shows the temporal 
evolution of the transmitted energy in the two cases : beam C alone, 
and beams C + F. We observe an overall increase of the total 
transmitted energy by a factor 2.3 in presence of beam F. To 
understand this result, we spectrally resolved the transmitted light. 
Figure 4 shows the time-resolved spectra of the transmitted light for 
the two cases : beam C alone, and beams C + F. In both cases, we 
observe two spectral components. The first one is unshifted from the 
initial laser frequency, starts early during the interaction pulse and 



stops before the end. Its spectral width is the same as the one of 
transmitted energy through vacuum and is defined by the 
spectrometer. The second one is red-shifted by a few Angstrom, is 
broad, with temporal and spectral structures, starts later than the 
first component, and lasts until the end of the laser pulse. 
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FIGURE 3 : Transmitted energy along beam C direction for the two cases : beam 
C alone, and beam C in the presence of beam F. We observe an amplification of 
the transmitted energy by a factor 2.3 in the case of two beams irradiation. 

The unshifted component is no much modified by the presence 
of beam F as can be seen by comparing Fig. 4-a and b, while the red- 
shifted component is strongly enhanced by the presence of beam F. 
The amplification factor (total transmitted energy with beams C+F, 
divided by total transmitted energy with beam C alone) is 0.9 for the 
unshifted component and 3.5 for the red-shifted component. So, the 
amplification of beam C is mainly due to the amplification of the red- 
shifted component. We have also observed that the intensity of the 
red-shifted component depends on the energy of beams C and F, so is 
produced by a non linear effect, and is in the non-saturated regime. 
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FIGURE 4 : Time-resolved spectra of the transmitted light along beam 
C for the two cases : beam C alone, and beam C in the presence of beam F. 

The measured spectral shift of the red-shifted component is 
much larger than what could be expected from forward stimulated 
Brillouin in this plasma. This one is related to the scattering angle 9, 
to the elctron density relative to critical density and to the electron 
temperature Te : 

6h@,) = 15.9 (1 - n,/nJ”* sin(W2) T$& 
For our conditions, 8 -lo“, Te -0.5 keV, n$n, -0.2, 63. is of the 

order of 1 A. Self-phase modulation of the laser light in a rapidly 
varying electron density plasma could produce this type of shift 
(Yamanaka et al. 1975 ; Labaune et al. 1985 ; Afshar-Rad et al. 1991). 

This effect produces a frequency shift : So = $2 (1 - n$nc)“* dz and a 
i 

wavelength shift 6h = - h c (1 - n&k)- “* dm after a propagation of 6z. dt 

The overall evolution of the electron density due to plasma expansion 
is not fast enough to produce the observed frequency shift. 
Filamentation of the laser light in the active speckles could strongly 
enhance self-phase modulation because of the rapid decrease of 
electron density in the filaments and produce shifts of a few 
Angstroem, as observed in the experiment. This phenomena is also in 
agreement with the decrease of the shift as a function of time, going 
to zero at the end of the pulse, when d(n&)/dt goes to zero. Because of 
the non linear behaviour of the enhancement of the transmitted 
light in presence of the secondary beam, our observations could be 



interpreted as due to enhancement of forward stimulated Brillouin 
scattering in self-focused speckles. 

5. Conclusion 

The experimental results presented in this paper are the first 
evidence that overlapping beams can have a detrimental effect on 
the growth of backward SBS. Long wavelength ion fluctuations 
associated with sidescattering of the other beams could produce a 
non-linear inhibition of SBS by introducing an additional damping. 
On the other hand, overlapping beams can enhance the growth of 
backward SRS, and modify the transmitted light of one beam. This 
latter may be due to enhanced forward SBS in filaments and can 
affect the initial intensity balance between the beams in a fusion 
experiment. Experiments with crossing beams can allow well- 
controlled studies of parametric instabilities and they should allow to 
better understand many aspects of the growth of SBS and SRS, 
including their competition. 
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