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The understanding of laser plasma interactions within ignition-scale inertial 

confinement fusion (ICF) hohlraum targets is important for the success of the proposed 
National Ignition Facility 0. The larger hohlraums and longer timescales required for 
ignition-scale targets result in the presence of several mm of low density plasma (ne - 
0.1~dt ical  - 1021 electrons/cm3) that the 3 0  laser beams must traverse before being 
absorbed at the hohlraum wall. This plasma is expected to be very uniform (density gradient 
scale length: h= ~JdOe/dx]-' - 2 mm) and to have low velocity gradients (velocity gradient 
scale length: Lv = q[dv/dx]'l >6mm) 111. The success of an indirect drive ICF ignition 
experiment depends on being able to predict and control the time history and spatial 
distribution of the x-radiation produced by the laser beams striking the inside of the 
hohlraum wall. Only by controlling the symmetry of the x-ray drive, produced by the 
hohlraum walls, is it possible to obtain the implosion symmetry in the fusion pellet necessary 
for ignition. 

The propagation of the beams to the hohlraum wall can be affected by various 
scattering and filamentation p1.0cesses within the low density plasma inside the hohlraum. For 
example while traversing such a plasma the incoming light wave can resonantly decay into a 
backscattered light wave and either an ion sound wave or an electron plasma wave. The 
backscattered light wave can beat with the incident light wave at a frequency that pumps the 
plasma wave, This can increase the amplitude of the plasma wave, increasing its scattering 
efficiency. Hence an unstable feedback loop is formed which can cause the plasma and 
scattered light wave amplitudes to grow exponentially in timescales of 0.1 to 10 psec. These 
parametric scattering instabilities are called Stimulated Brillouin Scattering (SBS, for 
scattering off ion sound waves) and Stimulated Raman Scattering (SRS, for scattering from 
electron plasma waves) [2]. Both of these instabilities can lead to a number of undesirable 
effects including significant amounts of energy being transferred to the scattered light wave 
and hence being reflected from the plasma. 

Another instability that can affect beam propagalion is beam filamentation [2] which 
occurs when individual speckles (hot spots) within the laser beam m o d i  the local plasma 
density and hence its refractive index, causing self-focuSing. This effect can result in both a 
local increase in intensity and eventual beam b-. FWentation is of particular concern 
with the large hohlraum designs planned for the NIF since the intensity threshold for 
filamentation is affected by the length over which the intensity of the hot spot is high. This 
length is set by the beam 4number when random phase plate smoothing is used. The 48 
focusing geometry planned for NIF will have speckles 180 pm long for 351 nm light, 
contrasting with 50 pm speckles for the f/4.3 optics used at the LLNL Nova laser. 
Calculations have indicated that at the expected irradiance of 2 x 1015 Wcm-2 planned for 
NIF, a significant fraction of an fl8 beam would be at an intensity above the threshold for 
filamentation, in the absence of beam smoothing. [31 

In most laser produced plasmas, SBS and SRS are limited by plasma inhomogeneity 
[l], however in the uniform plasmas expected in the NIF targets, the potential exists for strong 
SBS and SRS back and side-scatter exacerbated by beam filamentation. Interaction 
experiments in homogeneous low density plasmas have shown as much as 35% of the 
incident laser energy backscattered as SBS. This amount of backscatter would reduce 
coupling to the hoblraum wall and increase the amount of energy required to drive a target to 
ignition. SRS causes additional problems as the process not only transfers energy into back 
scattered light and electron plasma waves but also produces supra-thermal electrons with tens 
of keV energy. These hot electrons can preheat the DT fuel within the capsule reducing the 
efficiency of the subsequent implosion Significant energy reflection due to instabilities such 
as SBS would also make it more difficult to meet the NIF power balance specification of < 8% 
variation in power between beams needed to meet the symmetry requirements for a high 
convergence implosion. 

To experimentally evaluate the severity of SRS and SBS scattering and filamentation 
of an f2/8 beam traversing a long scale length plasma we reproduced the laser beam 
conditioning to be used on the NIF both in terms of fhumber and smoothing. 

I 

, 
* 



Paper # - IAEA - CN- 6O/B-P-16 

I 

L 

4 

* 

At the Same time we experimentally reproduced the plasma conditions expected within 
the NIF using plasmas pmduced by the Nova laser. The plasmas were created by irradiating a 
thin walled gas balloon or a sealed hohlraum containing of order one atmosphere of a low-2 
gas (e.g. C5H12, C5D12 or Cod. When the gas is ionized and heated the resultant plasmas 
are homog&eous, and of high density (-lG1 electrons/m3) and temperature (-3 kev) with 
large density scale lengths (-2 mm). Details of the production and characterization of our 
long scale length plasmas will be presented in papers being submitted for publication [4] [5] 
[61. 

Nine of the Nova beams were used to produce the plasma, the tenth beam was 
configured as an interaction beam that was sent through the performed plasma after a delay 
of order 500 psec. The SRS and SBS scattered f'rom the plasma, together with the effects of 
the plasma on the transmitted beam, were studied as a function of the interaction beam 
intensity, beam smoothing and plasma constituents. The interaction beam was smoothed by 
using random phase plates (RPPs) [7], and 4 different colors within the f/8 beam to mimic the 
NIF laser architecture. The 4-color set-up divided the 48 beam in to 4 separate quadrants 
each of which had its wavelength shifted relative to the other quadrants. The wavelength 
separation of the colors was approximately 1.4A at 30. Since each beam quadrant could 
have its frequency conversion crystals individually tuned for its wavelength, the 4-color 
scheme approximated "bandwidth" on the interaction beam without losing 30 conversion 
efficiency. We have also studied the use of a laser bandwidth of approximately 0.7A and 
smoothing by Spectral Dispersion (SSD) [81 with all of the quadrants set at the same color, to 
further reduce the reflected SBS. These studies were performed with both 44.3 and f/8 
interaction beam focusing. 

The results of our experiments are being analyzed and the details will be published 
elsewhere. However, the main observations can be summarized as follows: 

In all of the interaction experiments canid out at 44.3 and 48, the observed levels of 
SRS were low (4%). This observations is consistent with the high plasma temperature 
(3keV) resulting in strong electron Landau damping of & electron plasma waves at 0.1 
for 3a. A limited series of experiments performed with lower temperature plasmas (1 -1.5 
kev) produced larger levels of SRS (of the order of 6%). 

The peak SBS observed from the C5H12 plasmas was less than 6% for all of the 
irradiation conditions tested. Low levels of SBS were observed for l-color and 4-color 
irradiation at 48 and for irradiances up to 6 x 1015 W cm-2 (well above that planned for the 
NIF). There was little difference in the levels observed with l-color or 4-color irradiation 
however the addition of SSD beamsmoothing to the l-color case reduced the SBS to below 
1%. These experiments are continuing and will attempt to resolve the issue of what beam 
smoothing is most effective for the NIF, however these initial d t s  show that the large levels 
of SBS that were feared within NIF plasmas axe probably not likely. 

Some experiments carried out at 44.3 showed that changing the material in the target 
to one with a lower expected ion Landau damping of sound waves led to a dramatic increase 
in SBS. Backscatter levels as high as 35% were observed for C02 plasmas while subtly 
changing the plasma from C5H12 to C5D12 (Le. changing protons to deuterons) increased the 
peak SBS to about 25% in some experiments. Both C@ and C5D12 are expected to have 
lower ion Landau damping than C5H12. [9] The higher damping of the C5H12 plasma arises 
due to the presence of light ions (H) that do the damping with heavy ion (C) that determine 
the sound speed. The high thermal speed of the hydrogen relative to the ion acoustic wave 
speed allows protons to efficiently extract energy from the wave. This phenomenon will be 
used in NIF hohlraums by filling them with mixtures of H2 and He, to provide even higher 
ion-Landau damping than in our experiments to date. 

These experiments are being analyzed and their details will be discussed in a future 
publication. However, the results of our studies have shown that the levels of SBS and SRS 
present in ignition scale hohlraums should not be high enough to prevent the successful 
demonstration of ignition on the National Ignition Facility Laser. 

*This work was performed under the auspices of the US. Department of Energy by 
the Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48. 
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