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Abstract. Ruby-laser light scattering was used to gain spatially and temporally resolved 
information about plasma parameters for nanosecond CO 2 laser-plasma interaction 
studies. The results confirm a heating model, where heat conduction in dense model 
plasmas can be described classically. CO2-1aser excited stimulated Brillouin scattering could 
directly be shown to arise from near thermal level by simultaneous Thomson scattering 
with a ruby-laser, and turbulence enhanced density fluctuations could be excluded. 

PACS: 52.25F, 52.25P, 52.35 

A large variety of targets has been used in laser-fusion 
experiments. At present state, it seems necessary to use 
targets of millimeter diameter and laser-pulse du- 
rations of several nanoseconds. The corona surround- 
ing these targets represents an underdense and rather 
homogeneous plasma of even larger extension, featur- 
ing just those conditions for which strong Stimulated 
Brillouin Scattering (SBS) is anticipated theoretically 
[1]. The maximum backscattering according to the 
Manley-Rowe relations may reach near 100 % for such 
conditions. 
In spite of a multitude of respective experiments [2-6] 
this Manley-Rowe limit could be demonstrated so far 
in a single experiment [7] only. The reason for this 
singularity most likely is to be sought in the deliberate 
intention of the experiment to provide for laser and 
plasma conditions such as they are stipulated in the 
above theoretical treatments. In a first comparison 
between experiment and theory [7, 8] the SBS features 
at, and near threshold could be shown to correspond 
to the theoretical predictions. The heating model de- 
v, el0ped in [8] is capable to explain the wide scatter in 
d-at~t reported to date. Trying to understand the SBS 
t~,ehaviour also well above threshold, it was found, that, 
J,n addition to plasma parameters such as they were 

* P r e s e n t  address :  Brown Boveri & Cie, Research Centre, CH-5405 
Baden-Dfittwil, Switzerland 

determined in [7, 8a, 8b], drifts of electrons and ions, 
initial and final amplitudes of ion accoustic waves and 
also the extension of the interaction volume must be 
known - for details even their time dependence. 
Whereas in many published experiments the plasma 
parameters of the SBS interaction volume had to be 
estimated theoretically, this paper gives the results of 
direct measurements of the corresponding parameters 
in the plasma, where a well-defined SBS experiment is 
performed. It was not intended to study the Z-pinch 
itself, e.g. its dynamics to check various Z-pinch 
models. 
In order to measure the required quantities, there is no 
better method than light scattering with another laser, 
for instance a ruby-laser. A comparison with the data 
obtained from an interpretation of SBS features in [7, 
8a, 8b] leads to an independent confirmation of the 
results and views derived. Over and above, it is the 
main purpose of this paper to lay a major part of the 
experimental groundwork required for an explanation 
of SBS behaviour well above threshold as it will be 
dealt with in a forthcoming paper [9b]. 

1. Experimental Set-Up 

In order to guarantee well-defined plasma conditions 
from the very beginning of interaction, a plasma was 
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Fig. 1. Schematic set-up of CO2-1aser system consisting of master 
oscillator, CdTe pulse cutting system with laser triggered spark gap 
SF 6 cell, and e-beam controlled amplifier (M: mirror, Ge: ger- 
manium plates of Brewster angle polarizor, RR: resonance reflector 
for stable emission of P20 transition at 10.6gin, AP: aperture, 
forcing emission in TEM00-mode , PO : protection optics) 
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Fig. 3. (a) Energy profile of the CO2-1aser emission in the focal plane 
of a f =  714 mm-lens after Handke [5b, 8b]. This far-field distri- 
bution showing a central maximum and several minima must be 
expected from the diffraction limited focussing of the near-field 
distribution of (b). Circles are infra-red camera measurements, 
crosses are taken from polaroid exposures. (b) Near-field distri- 
bution of CO2-1aser emission (polaroid exposure) after Handke [5b, 
8b] 

Fig. 2. Temporal development of CO 2 laser emission (horizontal 
scale 20 ns/division, vertical scale 20 mV/division ~ t GW/division) 

used which was preformed in a dynamic Z-pinch 
device. Since this target plasma was described in great 
detail in [7] it will suffice here to summarize its 
features. The plasma column of about 18 mm diameter 
was homogeneous in density and temperature within 
10-20% over about 16mm diameter with space and 

time averaged temperatures of kBT ~ kBT e ~ 10 eV. It 
was a fully ionized hydrogen plasma with negligible 
impurities and hence Z = 1 which, for the purpose of 
this investigation, was kept at 0.16 critical density. 
Particular care was also devoted to the CO2-1aser 
system shown in Fig. t to approach the stipulations of 
theoretical treatment. The main features of the master 
oscillator and the pulse cutting system were described 
in [101. Operated in a self-locking mode it emitted a 
single TEM00-P(20 ) pulse of less than 2ns duration. 
Via an SF 6 cell and an optical isolation set-up this 
pulse was fed into the unstable resonator of a 10-1 
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Fig. 4. Set-up of cavity dumped ruby laser-system (M : mirror,  P 1, 
P2  : polarizors, PC : Pockels cell, R R  : resonance reflector, SG : laser 
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e-beam device. Thus modelocked, the amplifier emitted 
a train of pulses at 16.7 ns intervals which were reach- 
ing into the multi-Gigawatt range within one emission 
sequence (Fig. 2)~ 
In order to provide for well-defined and reproducible 
laser conditions in the interaction volume the re- 
sonator was adjusted to emit in the fundamental mode 
with the annular near field of 10cm outer diameter 
being focussed diffraction-limited by a lens of approxi- 
mately 70cm focal length to give an energy distri- 
bution in the beam waist, as it is visualized in Fig. 3. 
Details of the CO2-1aser system can be found in [8, 9a, 
9c, 11]. 
As the diagnostic laser, a ruby-laser was used. In spite 
of the required powers of the order of 100 MW it did 
not heat the interaction volume markedly. The laser 
line-width was below 0.1 A.. Also, this choice of wave- 
length had the advantage that scattering spectra could 
easily be recorded with high time resolution by multi- 
channel devices available in the visible wavelength 
region. In addition, the r,uby-laser wavelength still 
permitted scattering to be detected under reasonable 
angles around 7~ The ruby-laser used was a cavity 
dumped oscillator-amplifier system depicted in Fig. 4. 
One of the two plane mirrors of the oscillator was the 
usual resonance reflector to provide the narrow line- 
width emission. In order to obtain a short pulse of a few 
nanoseconds the 20 Too transmission of this reflector was 
used to trigger a spark gap (SG) at peak power. The 
voltage drop produced served to switch a Pockels cell 
(PC) which in turn "cavity dumped" [12] the radiation 
energy of the left resonator portion through the Glan- 
prisma P 2 to feed the amplifier. In a very conservative 
but reliable operation the system was made to emit up 

to 200 MW in a 5 ns pulse of about 2 mrad divergence 
angle. The pulse was focussed into the plasma by a 
biconvex lens of 1 m focal length. 
In scattering by only the thermal density fluctuations 
of the plasma, one was faced with the problem of 
suppressing excessive spurious stray light originating 
from the primary laser beam. In order to avoid such 
interference with the measurements in case of the weak 
scattering by thermal density fluctuations, the ruby- 
laser beam was fed through the plasma via extensive 
aperture tubes and also the scattered light wa~ accep- 
ted through such tubes constructed to dump stray 
ligllt. 
Another major problem for the light-scattering 
measurements arose from the need for synchronizing 
various complex system such as Z-pinch, CO 2 laser, 
ruby-laser and the gated detection system within nano- 
seconds. The inevitable jitter could not be brought 
down to below nanoseconds and, in order to obtain 
results during the 1-2 ns interaction of the CO2-1aser, 
measurements had to be repeated in sort of a trial and 
error method. To gain spectra on a shot by shot basis 
was, thus, impossible. Even though it had not been our 
intention, the use of an optical multichannel analyser 
(OMA) was mandatory. It is shown in Fig. 5. 
The light accepted from the selected scattering volume 
in the plasma was imaged by an f=0.5 m lens into the 
1 mm 2 input end of a glass-fibre bundle, the other end 
of which was shaped to act as the entrance slit of the 
spectrometer. This was a Littrow type device featuring 
a ruled Ech611e grating of high diffraction order and an 
objective of large f-number. In this way a linear 
dispersion of 0.3 nm/mm was achieved resulting in a 
resolution of 0.007 nm/OMA channel. An image in- 
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L F Fig. 5. Set-up of polychromator - optical multichannel analyzer 
system (OMA) (LF: light guiding fibre, EG:  ech6lle grating, MCP:  
micro channel plate image intensify-tube, V : SIT-Vidikon tube, SO : 
storage oscilloscope) 
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tensifier MCP served to amplify the light-scattering 
spectra for recording by the multichannel device V and 
as a nanosecond shutter. Gating of the amplifying 
channelplate led to a transmission of the spectra within 
a 2.5 _+0.2 ns interval only. In this way the time resolu- 
tion of 5 ns given by the ruby-laser was improved. The 
spectra recorded could either be photographed from 
the screen of a storage scope or be transmitted by 
optical fibres to a PDP 11 computer for digital record- 
ing and processing. Alternating measurements without 
ruby-laser provided spectra of the plasma radiation 
required for subtraction from the light-scattering spec- 
tra and for calibration of wavelength channels. 

2. Results 

2.i. Diagnostics of the Target Plasma 

Only space and time averaged values of electron and 
ion temperatures and density of the Z-pinch plasma 
were known from spectroscopical investigations [13]. 
By contrast, light-scattering can provide time resolved 
local plasma parameters. In a first attempt the radial 
distributions of the initial values of temperatures and 
density were measured in the particular plasma col- 
umn crossection which was irradiated by the CO E- 
laser. To minimize spurious stray light, scattering was 
observed at an angle of 93 ~ 
The geometry chosen corresponds to a scattering 
parameter c~z6 (collective scattering) according to (1) 

2 
- ( 1 )  

4re sin(0/2)2 v ' 

where 2 is the wavelength of incident radiation, 2 D the 
Debye length, and 0 the scattering angle. 

The arrangement of devices is displayed in Fig. 6. The 
collecting solid angle of lens L 3 amounted to 10- a sr. 
The scattering volume was 6ram 3. A signal to noise 
ratio of better then 5:1 was obtained. Total trans- 
mission of near 100 % could be shown experimentally 
and negligible heating of the plasma due to inverse 
"bremsstrahlung" absorption was estimated. Further 
detailed estimates of scattering properties are given in 
[%, %]. 
An example of the light-scattering spectra as they were 
obtained on the readout screen is given in Fig. 7a, 
whereas Fig. 7b visualizes the spectrum after appli- 
cation of relative calibration and representing three 
adjacent channels by one experimental point. The full 
drawn narrow line represents the ruby-laser line being 
mainly broadened by the apparatus profile. In order to 
evaluate plasma parameters from these curves, 
theoretical spectra according to [14] were convoluted 
with this apparatus profile for parameters estimated in 
a first step. In comparing experimental and such 
convoluted spectra in a nonlinear best fit regression 
code, up to six independent plasma parameters were 
obtained including the confidence intervals of the 
nonlinear regression parameters. The numerical me- 
thod, which is described in [9a, %] makes use of a 
steepest gradient descent algorithm of rather slow 
convergence and switches to a fast Newton-like algo- 
rithm after a few iterations had been successful. The 
procedure is based upon the algorithm of Marquardt 
[15]. The dashed curve of Fig. 7b is such a best fit 
spectrum. It corresponds to the following set of plasma 
parameters kBT ~ -- (12.4 + 0.7) eV, kBT / = (10.0_+ 0.9) eV 
and drift velocities of electrons and ions vD~-- ( -  1.5 
_+5.2) 104m/s, vDi = ( -  7.3 _+ 1.9) 103m/s. The numeri- 
cal error of the electron drift velocity shows that this 
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Fig. 6. Experimental arrangement of 93 ~ Thomson scattering experi- 
ment during CO z-laser irradiation (M1, M2, M3: mirrors, ST: 
beam splitter, L 1, L2, L3, L4: lenses, PD: photon drag detector) 

value is small and not significant�9 Even though this 
particular spectrum was obtained at the end of the 
80ns resting phase of the plasma during which 
measurements were performed throughout, the above 
ion drift velocity was very small compared to thermal 
velocities. Thus plasma dynamics could be neglected in 
the initial interaction conditions. 
From the multitude of scattering data sets obtained 
over many shots for the whole range of plasma radii, it 
appears that temperatures were evenly distributed over 
the 18mm diameter plasma column. Temperatures 
avm'aged over many shots varied in the range k B T  ~ 

=(ll_+3.5)eV and k~Ti=(10.5_+l.5)eV. By making 
use of the wavelength integrated total scattering in- 
tensity the relative density d~stribution across radius 
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Fig. 7. (a) Typical 93 ~ light-scattering spectrum photographed from 
the readout screen of the OMA system. (b) Spectrum of (a) after 
considering calibration of different channels. Three adjacent chan- 
nels are represented by one experimental point (indicated as cross). 
The full drawn curve shows the incident ruby-laser line, whereas the 
dashed Iine is a nonlinear best fit to the experimental points 
corresponding to the plasma parameters: k~T~ =(12.4_+ 0.7)eV, k~T~ 
= ( 1 0 . 0 + 0 . 9 ) e V ,  VDe= ( -  1.5• voi= ( -  7.3___ 1.9)103 m/s 

could be determined as well. A few experimental values 
are plotted in Fig. 8. The dashed curve indicates the 
values derived by spectroscopical means [13b], The 
homogeneous extension over about 7 mm in radius is 
confirmed, Only the drop to larger radii seems to have 
been seen with greater spatial resolution by the light- 
scattering measurements. Also, the absolute values of 
the homogeneous portion of density distribution are 
confirmed reasonably well, In fact, the errors indicated 
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Fig. 9. Typical example of a 93 ~ light-scattering spectrum, when the 
CO2-1aser was incident. Three adjacent channels are represented by 
one experimental point (indicated as cross). The dashed line is a 
nonlinear best fit to the experimental points corresponding to the 
plasma parameters : kBT e = (38.6 _+ 3.9) eV, kBT / = (12.2 +_ 0.8) eV, roe 
= (3.5 _+ 9.9)104 m/s, voi = ( -  5.0 + 2.6)103 m/s 

in Fig. 8 are absolute errors. The relative errors in 
particular those of a single shot are actually less. 
Of course, of actual interest were the plasma parame- 
ters during interaction with the CO2-1aser radiation. 
The respective light-scattering measurements were per- 
formed in the same arrangement of Fig. 6. For each 

light-scattering spectrum the time dependence of in- 
cident CO2-1aser power and backscattered SBS power 
was recorded on a fast oscilloscope by one and the 
same detector PD. The laser signal split off by beam 
splitter (BS) was delayed appropriately against the SBS 
signal which was reflected onto PD by the same beam 
splitter. Finally, by adjusting optical paths and signal 
cable lengths, the time dependence of ruby laser irra- 
diation and OMA gating could be recorded on the 
same oscilloscope trace, in this way permitting to 
determine the temporal correlation of the various 
processes within about 0.5 ns. Thus, measuring on a 
trial and error basis, scattering spectra were obtained 
for any degree of coincidence. Well correlated with the 
degree of coincidence the spectra displayed an increase 
in width and the appearance of pronounced humps an 
example of which is plotted in Fig. 9. 
As in Fig. 7b experimental points (crosses) represent 
the mean values of each three adjacent wavelength 
channels and the dashed curve shows the best fitting 
spectrum. Obtained about 1 ns after CO2-1aser peak 
power the expected rise in electron temperature is 
confirmed, whereas an eventual laser-induced drift 
motion must be negligible by comparison with thermal 
velocities. In addition, the small drift indicated in the 
ion drift velocity corresponds to the rudimentary 
plasma dynamics both in direction and magnitude. 
A large number of spectra was obtained covering wide 
ranges in laser power and time delay between CO;- 
laser and measurement of such plasma parameters. 
With the aim of having ready at hand this extensive 
data material it was tested wether this behaviour of 
plasma parameters could be described by the heating 
model developed and confirmed in several aspects in 
[7, 8]. 
This model uses linear inverse "bremsstrahlung" ab- 
sorption in the interaction volume and Spitzer heat 
conduction in the established temperature gradient to 
carry away the heat produced. Because of its extensive 
description [8] we must not go into details of for- 
mulations. However, since we are interested to describe 
temperature behaviour also several nanoseconds after 
CO2-1aser irradiation, heat transfer to ions must be 
included here and even heat conduction by ions. 
Besides, another difference to the applications in [8] 
arises from the fact that light-scattering spectra are 
observed from a larger diameter than the central peak 
in the focal distribution of the CO2-1aser (Fig. 3). For 
averaging purposes the radial distributions of tempera- 
tures must be known. This would have required to 
start the computer run with the exact focal distri- 
bution. Numerical calculations, however, showed that 
already 200 ps after the beginning of the 2 ns laser pulse 
the ring shaped distribution according to Fig. 10 was 
smeared out and a monotonic profile-such as curve B - 
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Fig. 11a-c. Temporal development of (a) time and space averaged 
electron temperature T~, (b) ion temperature T~, and (c) ratio of Te/T ~. 
The theoretical curve considering inverse "bremsstrahlung" absorp- 
tion and classical heat conduction is shown as a full drawn line for 
the case of a 0.5 GW incident CO2-1aser radiation of t.5 ns duration. 
The dashed curves are computer runs for 0.75GW, 2.0ns, and 
0.25 GW, 1.0ns, respectively, corresponding to the experimental 
uncertainty in laser pulse-height and pulse-length in the plasma. The 
experimental values of the temperatures obtained from simultaneous 
ruby-laser Thomson scattering confirm the heating model 
satisfactorily 
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was describing the temperature distribution suf- 
ficiently well. 
In addition to forming radial averages of temperatures 
for the comparison with light-scattering values, also 
time averages had to be formed in order to account for 
the fact that they were measured for 2 ns periods. The 
computed temperature values to be compared with the 
experimental values, thus, were space and time aver- 
aged values. In order to make sure that these mean 
values were still representative for the narrow SBS 
volume rather than for the surrounding plasma the 
averages were formed for various diameters and so 
were measurements performed by using apertures of 
different diameters in front of the accepting glass-fibre 
bundle of Fig. 5. The comparison showed agreement 
between computed and experimental temperatures and 
revealed that these average values were representing 
that of the narrow SBS volume, the reason being the 
extremely rapid spread of elevated temperatures. The 
integrals to be solved were computed by usual 
Newton-Cotes-quadrature procedure with an error 
limit of 10 .4 . 
Figure l la-c, finally show the time dependence of the 
above temperature mean values and their ratios. In 
order to account for experimental uncertainties in 
CO2-1aser intensity of about _+ 40 % and time coinci- 
dence of _+0.5ns three curves are plotted in between 
which the experimental points should come to lie. The 
comparison shows a very satisfying confirmation of the 
behaviour of electron temperature. In case of the ion 
temperature the agreement is still reasonable, in partic- 
ular, since here changes in the initial plasma tempera- 
ture make themselves felt with greater weight. The 
deviation of points at -1.1 ns could be traced to such 
reasons. Finally, the evaluation of spectra obtained 
about 10ns after CO2-1aser irradiation showed that 
not only Te/T  ~ had tapered off to unity but that Te and 
T~ also had approached closely the initial values. At 
16.7ns when the subsequent CO2-1aser pulse arrived 
the plasma could be assumed safely to pose nearly 
identical conditions for the interaction. This justifies 
the evaluation of parameters from subsequent SBS 
pulses of a pulse train such as has been done in [7, 8, 
11]. The time dependence of non averaged tempera- 
tures in the SBS volume which can be derived from the 
above measurements are plotted in Fig. 12a-c. 
The onset of SBS from the turbulence enhanced or 
thermal level is still under discussion [3a, 3b]. The fact, 
that the scattering spectra could be fitted so well to 
that of a thermal plasma implies that scattering had 
occured on thermal density fluctuations only and the 
CO2-1aser interaction had not produced enhanced 
density fluctuations at the wave number of the scatter- 
ing vector. It is, therefore, not likely that some sort of 
turbulent microfields were created within, and in the 
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PM Fig. 13. Experimental arrangement for the in- 
vestigation of ion acoustic wave amplitudes 
(M 1, M2, M3 : mirrors, BS: beam splitter, PD: 
photon drag detector, PM : photomultiplier or 
vacuum photodiode) 

vicinity of the interaction volume which could have 
impeded heat conduction. This statement again is in 
agreement with the fact that unimpeded classical heat 
transfer in the heating model was capable to describe 
the temperature behaviour above and near SBS thresh- 
old [81. 

2.2. Light Scatterin 9 Investigations at the Wave-Vector 
of the SBS Ion Acoustic Wave 

In order to obtain light-scattering from a wave-vector 
corresponding to that of the backscattering ion acous- 
tic wave kia~2ko(k 0 wave-vector of CO2-1aser beam), 
the scattering angle had to be reduced to about 7 ~ in 
the set-up of Fig. 6 to meet the light scattering con- 
dition (Fig. 14b) 

ki, = ksc-  k r u  b . (2) 

This is shown in Fig. 13. 

Level of Density Fluctuation Before C0 2-Laser 
Irradiation. After it had been checked that light- 
scattering spectra obtained at 7 ~ revealed essentially 
the same plasma conditions as those measured at 93 ~ , 
the OMA system was replaced by an high-sensitivity 
photomultiplier of nanosecond time resolution. 
Thanks to refined aperture tubes the spurious stray 
light level was negligible and the photomultiplier 
signals represented the wavelength integrated scatter- 
ing intensity accepted from the scattering volume. As a 

consequence of extreme forward scattering, the rhom- 
bic light-scattering volume was by more than two 
orders of magnitude larger than the SBS volume 
contained in it. It is for this reason, that the obser- 
vation of mere thermal scattering from this larger 
volume did not permit us to conclude the same for the 
level of density fluctuations or coherent modulations 
in the small SBS region. It was the finite error in the 
absolute level of density fluctuations of the much 
larger light-scattering volume which prevented us from 
pinning down this level in the SBS volume to below ten 
times thermal, By contrast, 93~ could 
be selected to originate mainly from the SBS volume 
by putting a scanable aperture in front of the accepting 
glass-fibre bundle of Fig. 5. In this way it was possible 
to state that, during CO;-laser irradiation, density 
fluctuations at k93o are of thermal level only. Since k93o 
was small compared to the reciprocal Debye length it 
must be inferred that no kind of strong turbulence 
existed in the plasma. It is, therefore, unlikely that 
suprathermal density fluctuations prevailed at kvo. 
Further support for this statement comes from the 
measurement of SBS growth by means of subnano- 
second streak camera [%]  and 100ps-detectors [7]. 
These measurements extrapolated to the time of 
threshold indicate near thermal initial amplitudes of 
the SBS instability. 

Density Modulation During SBS-Occurence. In scatter- 
ing from the density modulation of the backscattering 
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Fig. 14. (a) Wave-vector diagram of the SBS process. The annular  
CO2-1aser radiation (ko) is focussed into the plasma giving rise to ion 
acoustic waves (k~a) and backscatter (k_). (b) Wave-vector diagram 
of the Thomson scattering process. The incident ruby laser radiation 
(krub) is scattered at the SBS excited ion acoustic wave (k~,) and 
recorded in the ksc-direction. The phase matching condition 
ksc=k~ub:+k;~ is only fulfilled for those vectors k~ lying on the full 
drawn line of the tire shaped ring. This line is smeared out (shaded 
area) because of the spread in incidence angle % - ~  and the 
divergence of the laser beams 

ion acoustic wave, a distinct difference to light- 
scattering on thermal density fluctuations arises here 
from the situation, that the above wave-vector con- 
dition must be met for a quite specific k~, the little 
leeway in alignment being given only by the divergence 
angles of the ruby-laser beam and the spread c~ 2 - cq, in 
the kCa-distribution indicated in Fig. 14b. Due to the 
conical far-field pattern of the COa-laser beam, ion 
acoustic waves of wave vector k r  o (k o wave- 
vector of CO2-1aser beam) only existed for the conical 
distribution visualized in Fig. 14b. In this figure, also 
the tire shaped range in k-space is drawn, within which 
the scattering wave-vector must be chosen to observe 
scattering by the ion acoustic wave stimulated in SBS. 
Contrary to usual  light-scattering techniques this re- 
quired careful scans to find coincidence. 
This light-scattering then exhibited the same rise above 
thermal level as it is observed in SBS. Because of its 
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Fig. 15. Addition of various monitors leads to the oscilloscope trace 
shown. Considering different time delays in the recording arrange- 
ment the ruby-laser radiation "R" and CO2-1aser radiation "CO2" 
are incident on to the same plasma region at the same time. In such a 
case a scattering signal %"  on the reference pedestal "P" (see text) is 
monitored arising from scattering at the highly excited ion acoustic 
wave of the SBS process. "SBS" is the backscattered infra-red 
radiation 

large magnitude it could be detected even with fast 
photodiodes. Figure i5 shows such a signal S the 
temporal development of which closely corresponds to 
that of the SBS signal. In order to visualize the degree 
of coincidence with the ruby-laser power the spurious 
stray-light level had been increased deliberately to 
form a reference pedestal. Onto the same trace of a 
300ps oscilloscope the CO2-1aser power (CO2), the 
corresponding SBS signal (SBS), and the ruby laser 
power (R) were added with well-known time delays to 
provide synchronisation and calibration references. 
In order to obtain values of the relative density 
modulation of the backscattering ion acoustic wave 
6 n i j n  e a number of correction factors must be con- 
sidered. First, because of the conical distribution of kla 
the wave number conditions for light-scattering could 
be met only for the shaded portion of the k-space 
region of k~a in Fig. 14. Second, the fraction of scatter- 
ing volume occupied by the SBS ion acoustic wave had 
to be accounted for. Its length was known from streak- 
camera measurements of the SBS volume [ga] and its 
cross-section from the focal diameter of the CO2-1aser 
beam from which SBS was observed. Third, since the 
ruby-laser illumination of the large plasma cross- 
section was not homogeneous, another correction had 
to be applied for different positions of the SBS volume 
in the plasma. Fourth, the total time response of the 
detection system was not much faster than the scatter- 
ing pulse; therefore pulse height had to be corrected 
accordingly. Fifth, in quoting an enhancement above 
thermal density fluctuations the differing spectral dis- 
tribution was to be accounted for. Because of its 
narrow width only the spectrally integrated power was 
measured with scattering from the SBS ion acoustic 
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wave. For the purpose of forming a correction factor, 
its width was estimated from time broadening, only. 
Sixth, scattering occurred on a coherent wave rather 
than by the statistical density fluctuations of a thermal 
plasma, i.e., the scattering intensity was given by the 
squared sum of all scattering amplitudes rather than 
by the usual sum of their squares. The relation re- 
quired could be derived from the system of coupled- 
wave equations describing the SBS process itself [1]. 
Neglecting dispersion and damping of the electromag- 
netic waves this nonlinear system can be solved 
analytically to give the normalized scattering power 
for conditions well below unity in steady-state approx- 
imation (see e.g. [%, %] or [18] as 

P~--~ = tanh Z(fl L ) , (3) 
Po 

where 

2 (~n ia )  x fi= cor (4) 
4CZkrub I1 e 

P,c is the scattered power, Po the ruby-laser power 
(homogeneous illumination of scattering volume), L 
the length of scattering coherent wave, cope the electron 
plasma frequency, c the velocity of light, ]grub the ruby- 
laser wave-vector, (5n~,)x the density amplitude of 
scattering wave averaged over propagation direction x, 
and n e the electron number density. 
From this relation the important interaction 
parameter 

(5ni")  (Snia density amplitude of the backscattering 
ne ion acoustic wave) 

could be evaluated, if the above correction factors are 
applied and if only wavelength, i.e. frequency in- 
tegrated light-scattering measurements were perfor- 
med. Since this same basic relationship holds both for 
backscattering and ruby-laser light scattering, it is 
clear that both signals must have shown the same time 
development of normalised scattering power and the 
same quantity 

ne 

must have resulted from both measurements. The 
comparison confirmed this. 
By means of a scanable narrow slit in front of the 
detecting photomultiplier or the planar diode, it was 
possible to select scattering from the SBS volume and 
from volumes immediately adjacent to it. Whilst scat- 
tering from the narrow interaction volume exhibited 
the referred coincidence in temporal evolution and 
enhancement, immediately adjacent regions did not 

reveal any increase above thermal scattering. For the 
aforementioned reasons this means that across one 
diameter from the SBS region the greatly enhanced 
density modulations had dropped to below ten times 
thermal. Obviously, the level of density modulations in 
the SBS region was not high enough to create wave- 
number components via some nonlinear mechanism 
that had propagated into the adjacent plasma. 

3. Summary 

In concluding, we have demonstrated by ruby-laser 
light-scattering techniques that our computer refined 
heating model [8] is capable to describe plasma 
parameters under the influence of CO2-1aser irra- 
diation correctly. By the same means upper limits 
could be established for the initial amplitude of the 
backscattering ion acoustic wave. In addition, it was 
demonstrated that backscattering and ruby-laser light- 
scattering lead to the same values of density modu- 
lation of the enhanced ion acoustic wave. Also the 
existence of possibly turbulence-enhanced density fluc- 
tuations at the investigated wave numbers in the SBS 
volume and adjacent to it can be excluded. This 
supports from a quite different angle of view the 
observation of earlier work [8a] that heat conduction 
in model plasmas of this kind can be described by the 
classical formulation of Spitzer [16] and Spitzer and 
H~irm [17]. 
It is in this way that by the above work the experimen- 
tal groundwork is now laid for the attempt to interpret 
extensive light-scattering measurements of various 
SBS aspects in terms of existing theoretical treatments. 
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