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BRILLOUIN BACKSCATTER DEPENDENCE UPON PULSE AMPLITUDES,

TIMING, TARGET MATERIAL AND GEOMETRY

\
.JThe stimulated Brillouin backscatter instability plays an important role in the laser-plasma
- Cnt
interaction for short (< 1 nsec), high-irradiance (>10" W/pm)/Nd-laser pulses.” Laser light
is observed to be directly backscalleredf and the total absorption fraction reduced by this
mechanism operating in the underdense region of plasma.*”* Long underdense plasma scale
lengths, which are conducive to large stimulated backscatter, are set up, for example, in a
plasma preformed by a small prepulse,' ' * longer incident pulses and larger plasmas.® and by
temporally structured pulses designed for laser fusion™ The density gradient present when the
high-intensity pulse strikes the target (and hence the degree of backscatter) is expected to be a

function of several variables. Here we show the variation of backscatter with main pulse-

prepulse timing and amplitudes, target material and geomelry.f:

The experimental setup and method to produce controlled prepulses is described fully in
Refs. 3 and 4. One beam of the Pharos 11 Nd-laser operating at 1.06-um and 75-psec pulse
duration (FWHM) was focused with a /1.9 aspheric lens onto the surface of polished planar
targets or pellets in an evacuated chamber. A controlled prepulse was introduced onto the
beam and its relative amplitude and timing with respect to the main pulse was varied. Any
unintentional prepulses were suppressed to below 10 7 of the total pulse energy by two satur-
able absorber cells and one Pockels cell in the laser chain. Three prepulse monitors were used

on each shot to measure the prepulse-to-main-pulse ratio between 10 * and 1. The half-energy

“Manusenpt submitied Aprl 19,1979
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content focal diameter was determined to be 30-um yielding average and peak irradiances (for
9-J incident) of 7.5 x 10'* and 1 x 10'7 W/cm?, respectively, at normal incidence. A focal-

shift monitor was used to ensure that the target was in focus on most shots.

Diagnostics operating on these experiments included incident and backward reflection
calorimeters and an array of eighteen minicalorimeters (all calibrated to + 5% accuracy) used
to measure the angular distributions of scattered laser light both within (I!) and normal to (L)
the plane containing the electric vector and wave vector of the incident laser beam. Inter-
ferometry of the prepulse-formed plasma at the arrival time of the second pulse was accom-
plished using a Raman-shifted second-harmonic probe beam (A, = 6329 A time duration = 35§
psec) to obtain underdense plasma scale lengths and to ensure that single-pulse cases had no

prepulse plasma. The interferometer viewed the plasma tangentially to the target surface.

The variation of the main pulse (second and highest-intensity pulse) back reflection with
prepulse-to-total-energy ratio n is shown in Fig. 1 along with the corresponding total light
absorption for a prepulse-to-main pulse timing Ar of 2 nsec. The increase in backscatter for
n > 10 * and the reduction in total absorption for larger prepulses is evident. The decrease in
absorption is not as large as the increase in backscatter due to a narrowing of the scattered light
angular distribution towards the laser direction with a prepulse.?’ The backscatter has been
shown to originate in the underdense region of the plasma n < 0.1 n_ and exhibits many pro-
perties ascribable to the Brillouin mechanisms.'* Optical ray retracing" * of the backscattered
light back along the incident ray path is also observed'* and has been explained as a form of

phase conjugation.’

When the prepulse-to-main-pulse timing Ar is decreased, to simulate a shorter pulse, the
plasma density scale lengths also decrease due to the reduced expansion time. The change in

backreflection with Az, for / = 3-5 x 10'* W/cm? and n approximately constant, is shown in
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Fig. 2. An almost linear dependence between the main pulse backreflection and the relative
timing (for Ar < 2 nsec) is found for targets irradiated at normal and 45° incidence. Some
data are also shown in Fig. 2 for prepulses with very long delay (7.5-nsec) under somewhat
different parameters. The decrease in the backscatter dependence upon prepulse timing for
very long delays may be due to a reduction of plasma scale lengths from recombination or
three-dimensional expansion. Brillouin backscatter, therefore, is expected to increase with
pulse length until a steady state density profile is set up or some other saturation mechanism
occurs.” Numerical code calculations incorporating: inverse bremsstrahlung, ion acoustic tur-
bulence and resonant absorption processes and an ion trapping saturation mechanism for Bril-

louin backscatter, exhibits the general features of these results. '’

The linear dependence of the observed main pulse backscatter with increasing irradiance
between 10'° W/cm? and 10'® W/cm? is shown in Fig. 3. Here, the prepulse timing is held
fixed at 2-nsec. Along with previously reported data’* for plastic (CH) planar targets are data
points for gold (Au) planar targets and CH pellets (~ 100 um dia.). All these backscatter data
have approximately the same dependence on irradiance and, therefore, the backscatter process
is insensitive to both target material and geometry (i.e., planar versus pellet target). One might
have expected the gold target to show much reduced backscatter due to its large mass. How-
ever, the plasma expansion velocity, and hence scale lengths, go like the ion acoustic speed,
¢ = \/Z_km Most atoms are highly stripped to comparable charge-to-mass ratio Z/A4 in
the high plasma corona tempertures, and, therefore, expand with similar speeds. This results in
comparable underdense plasma scale lengths for a wide range of target materials. Table I lists
underdense axial density scale lengths measured near n = 10'° cm~? for different prepulse lev-
els on CH slabs, and for CH pellet and gold slab cases at a fixed prepulse level and timing. The

scale length is not very sensitive to prepulse amplitude, geometry or target material consistent
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with the backscatter behavior. These scale lengths may not be the same at the density at which

the backscatter process occurs (n < [0°? cm '), " ¥ but do probably show the same trend.

Table | — Axial density scale length [, measured two nanoseconds

after the prepulse for n = 4 x10'"* ¢m

“ POLYSTYRENE

slab  slab  pellet

i

GOLD
slab

Lum) || 124 137 o4

n novm 015 015 l 015

82

Since the Brillouin portion of the backscatter increases almost linearly with both main-

pulse irradiance and prepulse timing and logarithmically with 7, the expected total direct back-

scatter BR, in the general case (assuming that we are in the linear ranges of Figures 2 and 3) is

simply given by

BR, = BR, + BR,.

where the sumulated portion s,

1

BR (%) = 0.35 1(10"* W/cm?) Ar(nsec) (5 + log,y 1), )

and where the backscatter in the absence of a prepuise is denoted by BR, (= 16% at normal

incidence for these experiments).

The stimulated backscatter is a strong function of main pulse irradiance and prepulse tim-

ing. Thus, for example, if 7= 3 x 10'° W/cm?, &r = | nsec with a 10% prepulse (n = 0.1)

then the expected stimulated backscatter is only 4% whereas for / = 10'* W/¢m?®, A7 = 3 nsec

and n = 0.1 yields BR, = 40%.

The direct applicability of these backscatter results,

which utilize a prepulse to form the

target plasma for the high-irradiance pulse, to the case of a continuous pulse with a low-

irradiance foot followed by a high-irradiance spike should be checked experimentally. On one

hand one might expect the backreflection resulting from the long continuous pulse situation to
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increase faster than the prepulse case since its underdense expansion rate should be faster (and
therefore have a longer scale length) ''" On the other hand profile modification or ion heating®

' might decrease backreflection with a continuous pulse. A recent experiment to

or trapping
test this point'’ seems inconclusive due to the fact that both the low irradiance (2 x 10'¢
W/ecm?’) and short prepulse delay and structured pulse duration (0.5 nsec) employed in that
experiment yield only about a 2% expected stimulated contribution to backscatter from Eq. 2.

Resolution of this important point awaits somewhat higher irradiance and longer pulse experi-

ments.

The dependence of backscatter of high-irradiance (10'° — 10'* W/cm?) Nd-laser pulses
from prepulse formed plasma has been shown to be: proportional to irradiance and prepulse-to-

main pulse time delay, logarithmically dependent upon prepulse amplitude and insensitive to

target material and geometry. Although projections of these results suggest that some laser
fusior: designs may encounter severe backscatter, the applicability of these results to continuous

temporally structured pulses or their laser wavelength scaling remains to be tested.

Discussions with R. H. Lehmberg are appreciated. We are grateful 10 ) R. Greig for his
aid and computer program to calculate the Abel inversion of the electron density. This work is

sponsored by the U.S. Department of Energy.
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Fig 3 — Energy and irradiance dependence of main pulse backreflection for
pulses irradiating: CH planar targets (A. A). Au planar targets (@, (1) and
100-um diameter CH pellets (D). Note the similar behavior for the various
types of targets. Target orientation is normal to the laser beam for open sym-
bols and at 45° for closed symbols
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