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ABSTRACT 
Recent laser fusion experiments at LLL have provided basic data concerning; 

laser beam propagation and absorption in high temperature plasmas, electron energy 
transport processes that transfer the absorbed laser energy to the high density 
ablation region, the general fluid dynamic expansion and compression of the heated 
plasma, and the processes responsible for the production of 14 MeV neutrons during 
implosion experiments. 

Irradiation experiments were performed with the two beam Nd:YAG glass laser 
systems, Janus(* 40 J/100 psec, -v, 0.4TW), Cyclops {t 70 J/100 psec, i. .7 TW), 
and Argus (J 70 J, 35 psec, •%. 2 TW). Two classes of targets have been used, 
glass inicroshells (̂  40-120 um diameter x ». 0.75 pm wall thickness) filled with 
an equimolar DT mixture and disks (̂  160-600 vm diameter x ̂  10 urn thick) of 

< -5 several compositions. The targets were supported in vacuum (pressure ^ 10 
Torr) by thin glass stalks. This paper reports results related to the propaga
tion, absorption and scattering of laser light by both spherical and planar 
targets. Our absorption measurements cannot be explained using only inverse 
Bremsstrahlung. The scattered light and the plasma energy are polarization 
dependent, which is evidence of resonance absorption. 

The x-ray spectra are characterized by a thermal and a suprathermal 
distribution. The "temperature" of the hot x-rays is given by e„ * r * 
depending on the target material. Evidence is also presented which indicates 
that the laser radiation pressure is producing density steepening in the 
region of the critical density with 

"cr l ! ^ 1 * < ^ - > 

and in some cases plasma filamentation is observed. 

This work was performed under the auspices of the U.S. Energy Research and 
and Development Administration under contract No. W-7405-Eng-48. 
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PLASMA EXPERIMENTS WITH 1.06 um LASERS AT THE LAWRENCE LIVERMORE LABORATORY 
The primary goal of the Laser Plasma Interaction Program at the 

Lawrence Livermore Laboratory is to irridiate small pellets of thermonuclear 
fuel with intense laser beams to produce net yield from the thermonuclear 
reactions. In order to achieve this goal we must efficiently absorb the j 
laser energy in a fashion such that it drives thermal waves into the medium j 
producing ablation driven compression waves to efficiently compress the \ 
fuel to values of pr K 3 qm/cm and to achieve ignition temperatures of 5-10 keV ij 
for the deuterium tritium fuel. '•''"' j 

Three Md:YAG laser facilities have been constructed at the [ 
Lawrence Livermore Laboratory to perform experiments on the implosion and 
heating of laser fusion capsules. Characteristics of these systems are 
listed in Table I. The Janus system was our first laser plasma interaction 
facility and :an produce a maximum focusable power of 0.4 TV in two laser 

(3) 
beams of 8.5 cm aperture. The Cyclops facility was originally the develop
mental high power laser facility. It was used to develop the amplifier 
hardware and prove the solid state laser concepts for experimental laser ! 
fusion facilities. 'From May 1975 to May 1976 it was also used for laser 
plasma interaction experiments. This facility produces a maximum focusable ! 

power of 0.7 TW. Our most recent facility is the Argus two beam laser which \ 
terminates in 20 cm aperture amplifiers and has produced 2.2 TW of focusable i 

15) I 
power on target1. All three of these facilities have been used to irraaiate ; 
glass shtll targets filled with deuterium tritium and to implode these 
targets and produce thermonuclear burn. The facilities have also been 
equiped with a large number of diagnostics which are used in every experi
ment. In this paper we shall discuss the results of experiments where we 
have measured the fraction of laser energy absorbed by the targets, the 
x-ray spectrum, the scattered light, the plasma distribution produced by 
irradiation of targets, and x-ray microscope pictures showing the distri
bution of the absorbed energy on the spherical and planar targets. The 
planar targets used for these experiments were made of parylene,'6' silicate 
glass and tungsten doped phosphate glass with diameters from 160-600 urn 
and thicknesses of 10 urn. The implosion targets were silicate glass shells 
40-120 um in diameter with tyDical wall thicknesses ranging from 0.5-1 vm. '''"'*"1 

3 ' 
DT gas fill in these targets ranges from 0 to 7 mg/cm . The specific aspects ; 
which we will address in this paper are the absorption of the laser radiation I 
by the plasma and the transport of the absorbed energy" 1' We shall present 

l 
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evldence which shows that resonance absorption is an important mechanism 
in our experiments. We will also show that the radiation pressure of the 
incident light beam produces density profile modification which shortens 
the density scale length in the region of the critical density. The 
effects of lateral conduction of the electron energy in smoothing the 
energy distribution on the pellets to produce uniform implosions is also 
discussed. 

Figure 1 shows the effects which we have found to be operative 
in the absorption of the laser radiation. We show a one dimensional plasma 
slab with the laser radiation incident at an angle to the density gradient 
and with the electric field of the incident radiation having a component in 
the direction of the density gradient. The mechanism- which will be opera
tive in affecting the laser radiation are inverse bremsstrahlung absorption, 
refraction of the laser light, absorption in the region of the critical 
density by parametric instabilities, two stream instabilities and electron 
plasma wave resonance. The figure as drawn also shows a typical density 
distribution which would be produced when the laser radiation pressure is 
sufficient to modify the natural expanding distribution of plasma density. 
Plasma simulations by Estabrook, et al' indicate that the profile modi
fication due to radiation pressure can easily produce scale lengths, i.e., 

L - ncr(|fi)-l , 10 . D 

where xQ = 6.91 — J 

or less than 1 um for experiments with Nd glass lasers. These effects will be 
discussed with respect to the experimental results obtained with the Janus, 
Cyclops and Argus laser systems. To perform repeatable and diagnosable experi
ments using these laser systems it is imperative to accurately position the 
laser intensity distribution with respect to the target. Figure 2 shows televi
sion monitor pictures of one of the disk targets in the Janus laser system and 
the TV picture of the alignment laser beam as seen with the same TV camera. This 
system allows us to position the laser intensity distribution with respect to 
the target with an accuracy of •>. 1 uni. It is imperative to know the intensity 
distribution which is incident on the target. This can only be determined 
by measuring the spatial and the temporal distribution of the laser intensity 
either in the actual target plane or using an equivalent focusing system where 
the equivalence between the real focusing svstem and the equivalent focusing 
system is determined by geometrical optics. 
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Figure 3 shows data from Cyclops obtained with an equivalent 
target plane viewing system and a multiple image camera. The spatial 
distribution of the laser energy at the target is shown in the color 
representation of the film density. A line through the distribution 
is shown below, which has been reduced to energy density vs radial 
position across the beam. The color photo on the right is a streak 
camera photo in the target plane and the graph on the right is the 
spatial averaged intensity in the target plane. This is the data which 
is used to determine the laser intensity on the target, which for this 
shot was 0.4 TW. The procedure for obtaining this type of data has been 
standarized on Argus so that the results shown in Figure 4 a and b are 

(131 obtained for every target experiment. 

Scattered light distributions are obtained in the three laser 
facilities by using a large number of 100 A band pass filtered silicon 
PIN diodes in the target chamber usually located on brackets with 
constant value of .;>, the azimuthal angle, and a variable value of o, 
the polar angle, in the spherical coordinant system. These diodes are 
generally placed in the plane of polarization and perpendicular to the 
plane of polarization of the incident laser beam. Calorimeters measure 
the incident laser energy and also the backscattered and forward 
scattered laser energy from the target chamber as shown in Figure 5. 
Plasma calorimeters are also placed on these arches and are used to 
measure the distribution of the asymptotic plasma energy from the 
laser irradiated target. 

Since one of the most important parameters in the laser irradiation 
experiments is the fraction of incident energy which yoes into the plasma 
and x-ray energy by the target, we have constructed a special box calori
meter which allows us to collect effectively all of the scattered and 
refracted laser light which is not collected by the foreward and back-
scattered calorimeters which look through the focusing lenses. A 
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picture of the box calorimeter is shown in Figure 6. The construction of a * calorimeter is shown in Figure 7. BG 18, 1.06 vm light absorbing glass is 
protected from the plasma and x-ray energy by a pyrex shield. The tempera
ture rise of the copper plate which backs the BG 18 glass is measured with 
thermoelectric modules. 

Plasma calorimeters are also used to measure the distribution 
of the plasma energy and to infer the -.Ysttion of the laser energy 
absorbed by the target. Figure 8 shows the construction of one of the 
calorimeters. The central portion of the sensing element is completely 
free to absorb scattered laser light and the plasma energy whereas the 
outer portion of the calorimeter can only absorb laser energy. A 
differential amplifier subtracts the laser energy and the readout of the 
calorimeter is thus the plasma energy/ 

We have made absorption measurements on both planar and spherical 
targets. A series of experiments were performed using planar targets on 
Janus and Cyclops specifically to examine absorption mechanisms and transport 
phenomena. The data presented in Figure 9 is for plane parylene disks which 
were irradiated using the Cyclops laser system at 10 - 10 W/cm and the 
Janus laser system at 10 - 10 W/cm . In the case of the Cyclops laser 
the targets '<ere irradiated using an f/2.5 lens whereas on Janus the targets 
were irradiated using a single beam of the Janus system and an f/1 lens. 
The data typically show approximately 35-40% absorption of the laser energy 
independent of the intensity incident on the parylene disk. Kruer' has 
made a simple estimate of the expected fraction of the absorption due to 
inverse bremsstrahlung where the density distribution is modeled as a simple 
linear ramp of plasma density as a function of position. The plasma 
scale length is given by L in the formula as shown in the figure and the appli 
cation to the parylene disk experiments is shown by the red band. It is 
interesting to note that at high intensities, the expected fraction of 
inverse bremsstrahlung is far below the data for the energy absorbed and 
at low intensities it appears that inverse Bremsstrahlung would predict 
much larger absorption than is actually observed. Figure 10 shows the 
same data for the parylene disks but also shows data and calculations from 
the sample formula by t'ruer' 'for targets which were tungsten glass, WPOg 
disks. The difference in the <i> for the two targets is a factor of 8. 

Infrared absorbing glass produced by Schott Optical Glass, Inc. 
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For the two theoretical curves a range of 100-200 was used for k L. These 

o 
values are consistent or conservative when compared to LASNF.X calculations. 
Here it is quite clear that inverse Dremsstrahlung does not account for 
the absorption in the tungsten glass disks at the lowest intensities, 
the calculation is low by a factor of more than 2.5. 

At the high intensities one expects parametric instabilities, 
two stream instabilities and possibly resonance absorption to contribute 
significantly to the absorption. In fact, rigure 11 shows the x-ray 
distribution function emitted by parylene disk targets over an intensity 
range from 2 x 10 to 2 x 10 W/cm . The spectrum is clearly not due 
to a simple one temperature plasma. Semi log plots of the x-ray distri
butions, shown in Figure 12, clearly demonstrate the two "temperature" 
distribution. The plasma is characterized by a thermal spectrum and a 
suprathermal spectrum which from this data is clearly dependent on the 
intensity on the laser light incident on the target. 

Data on the suprathermal x-ray "temperature", e,., has been 
gathered for three different classes of targets and over a wide ranqe in 
intensities. Figure 13 shows s„ plotted as a function of peak laser power 
for tungsten glass disks irradiatc-d on Cyclops, parylene disk targets 
irradiated on both Janus and Cyclops and glass microshell targets irradiated 
on Janus, Cyclops and Argus. It is clear from this data that the 
'temperature" of ths suprathermal protion of the x-ray spectrum obeys a 
power law with respect to peak intensity on target and has some dependence 
on the target geometry and target material. It is also clear that as one 
extend? the laser intensity to lower and lower values that the suprathermal 
portion of the x-ray spectnm will slowly disappear. This raises an 
interesting point with respect to the lowest intensity experiment with the 

13 2 tungsten glass disks which was performed at -v 10 W/cm . In this case 
an extrapolation of the data predicts On = 2 keV. (Data on o H was not 
obtained for this point because a higher target intensity was expected 
and the sensitivity set on the detectors was not low enough). In this case 
one would expect that inverse Bremsstrahlung is the dominant absorption 
mechanism. Since we know I. and A, the absorption fraction, we can use 
Kruer's equation to estimate the density scale length, L. This reasoning 

13 2 * 
leads to L = 0.9 urn for the 10 W/cm experiment with the WP0, disk, which 

I has been estimated from the LASNEX results to be 25. This result can also 
be estimated from the measured "thermal temperature." 



-7-
is surprisingly short. At the measured (time and space integrated) 
thermal temperature of 360 eV, the laser radiation pressure would support 
a density jump of less than 1% of the critical density. It would thus 
appear that the electron plasma wave pressure is responsible for the 
short density scale length ' and that we still have a significant 
fraction of the absorption into "high" energy electrons. 

We have also measured the temporal behaviour of the thermal 
portion of the x-ray spectrum of several targets. Figure '4 shows data 
from an 87 vm diameter glass shell target irradiated on Janus. The LLL 
x-ray streak camera* 'was used with k-edge filters to record the time 
resolved x-ray spectra far 1 < hv > 10 keV. ' Three of the data 
channels are shown as a function of time and then this data is replotted 
to illustrate the spectra for four times during the heating, implosion 
and decompression of the target. The "temperatures" inferred from the 
slopes of the spectra are 0.5-0.6 keV. The time integrated, spatially 
unresolved "temperature" for this experiment was 0.63 keV. 

The absorption of laser energy by parametric instabilities, two 
stream instabilities and resonance absorption produces high energy electrons 
in the plasma coronn. Some of these electrons escape from the target and 
we have used an electron spectrometer to examine the energy distribution 
of these electrons. Figure 15 shows four such distributions for the 
parylene disks irradiated on Janus for target intensities ranging from 
2 x 10 to ?. x 10 W/cm . The thing to note is that as the intensity 
increases both the number and the peak energy of the electrons increase. 
Figure 16 shows the ion energy distribution function and tho electron 
energy distribution function for c glass shell target irradiated on the 
Argus laser system. The distribution of ions which is collected is 
clearly not due to a simple expansion of a heated target. Ions with 
energies in the Hev range are detected. ' 

Now coming back to the question of resonance absorption, 
fstabrook, et al have made an estimate of the fraction of light which 
is absorbed by a target due to resonance absorption. Figure, 17 shows 
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the absorbed eneryy fraction as a function of the incidence angle o when 
E_ is in the plane formed by the propagation vector l< and grad n. The 
dots in the figure are the calculations for a plane wave incident at an 
angle on a one dimensional plasma and show that at the optimum angle as 
much as 403! of the incident energy can be absorbed by electron plasma 
wave resonance. The dotted line shows the expected absoroed fraction 
for a typical experimental case of a circular beam with plane polarization 
being focused by a lens onto the target. If we experience significant 
resonance absorption one signature of this effect would be that we would 
see less light scattered in the plane of'polarization of the laser beam 
and more in the plane perpendicular to the plane of polarization. Figure 
18 shows scattered light distributions for tungsten glass disks and pary-
lene disks irradiated with the Cyclops laser system' 'and indeed as much 
as a factor of two times the laser energy is observed in the plane perpen
dicular than in the plane parallel to the polarization of the incident 
laser. As one goes back towards the focusing lens this difference 
disappears as one would expect since this light was nearly normally inci
dent on the target. Figure 19 shows another example of scattered light 
distribution for targets irradiated on Cyclops. In this case the targets 
were lead glass, Pb SiO,, disks and the azimuthal distribution of back-
scattered light at 26" to the incident beam is a 4:1 oval with its major 
axis perpendicular to the plane of polarizatir i of the incident beam. 
These observations are also consistent with measurements on glass micro-
shell targets irradiated on Cyclops. Figure 20 shows a scattered light, 
distribution for a Cyclops shot on an 85 )im glass shell irradiated with 
32.6 Joules in a 46 picosecond FWHM pulse. Over the region from 30° to 
150° angle, there is approximately twice as much energy scattered perpen
dicular to the plane of polarization as compared to in the plane of polariza 
tion. With the disk tarqets the difference I^- I 11 •+ 0 for 0 = 180° 
and at e = 90° as expected. However, for the two beam irradiated spheri
cal targets, the difference 1^ - I M is still large for 0 = 90° due to 
the irradiation geometry which uses either f/1 or f/2.5 lenses. Experi
ments using the Janus spherical focusing system w"-h normal illumination 
on spherical targets have not exhibited polarization dependent reflection 
of the laser light. '• * ' The effect seems to increase significantly 
as the power on target is increased. Figure 21 shows the scattered 
light and plasma energy for an Argus experiment with an 80 vm ball 
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irradiated with approximately 2 TW and f/1 lenses. Again the polarization 
dependence of the scattered light is obvious but now 

Ii - In . 

In Argus we had sufficient plasma calorimeters to obtain a distribution 
pf plasma energy and as is shown, we see significantly more plasma energy 
in the plane of polarization than perpendicular to the plane of polari
zation. The scattered light measurements ar; consistent with resonance 
absorption but stimulated Brillouin sidescatter of the incident light 
would produce the same effect. ' However, the plasitj energy distri
bution is only consistent with polarization dependent absorption of the 
laser energy. Figure 22 shows additional evidence of this polarization 
effect. Here we show data from a Cyciops txperiment on a glass micro-
shell. The first portion A of the Figure shows a color representation 
energy distribution incident on the target. Thio data shows no corre
ction with the polarization. Part B shows an x-ray microscope picture 
which is viewing the target from 45° above the beam line and in the 
plane of polarization. Part C is an x-ray microscope picture 
which views the ta.'get perpendicular to both the incident beams and the 
plane of polarization of the laser. In part C we see the pole caps 
irradiated by the f/2.5 lenses and the implosion geometry. Now looking 
at 45° down onto this distribution, if the pole caps were circular regions 
of x-ray emission we would see ;n elliptical region with the major axis 
horizontal. However, in part C, this is clearly not the case. Infact 
the foreshortening is in the horizontal direction rather than the vorti
cal direction and thus we again see that there is preferential heating 
of the plasma in the plane of polarization as compared to perpendicular 
to the plane of polarization. Additional evidence for the existance of 
resonance absorption in these irradiations is obtained with the Janus 
system using the Janus spherical illumination system which consists of 
f/.47 lenses and excentricity 1/3 ellipsoidal mirrors. 
This system in best focus, i.e. with the t w foci coincident with the 
center of the spherical target as shown in Figure 23 produces half angle 
coverage of 81.5" of the total 90° possible for each hemisphere. Tull 
and Thompson' ' have calculated the fractional absorption for this 
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configuration as a function of the position of the two foci of the two focus-
'ng halves or the system. Figure 24 shows their calculation of the fraction 
absorbed as a function of the focal position and demonstrates the increase in 
the absorption fraction due to thd electron plasma wave resonance induced when 
the rays incident on the target are not at normal incidence. The data point 
from ths Janus experiments are shown and although not in exact agreement, the 
trends sre certainly in the same direction. 

We now turn o^r attention to the effects of the radiation pressure 
of the incident laser beam on the density distribution of the plasma. A 
nunrer of authors have predicted that when the oscillatory velocity of the 
electrons in the electric field of the laser becomes comparable to the 
thermal velocity of the electrons, 

JBSE. = e'(i). 
vth 

then a filamentation instability exists in the laser heated plasma. This 
instability will lead to localized hot spots in the plasma. This effect 12 2 has been observed in CO, l?ser heated plasmas at intensities of T. 10 W/cm 

(261 f^71 
both by Haas, et ji* • and by Donaldson and Spalding . Figure 25 shows 
typical data from experiments using the Cyclops laser. The target was a 
WPOj disk and the irradiation intensity was 5.7 x 10 W/cm'. The left 
portion of the figure shows a color representation of the energy distri
bution of the beam at the target. The right hand portion of the figure 
shows a color representation of the intensity of 2.5 keV x-rays emitted 
from the target. For this experiment the value of 

V 
n2S£ „ o.8 
vth 

and thus one would expect tliat the filamentation instability could 
produce hot spots in the plasma. In fact localized hot snots are observed 
in the x-ray emission. The point on the far right shows a bright emission 
spot with a dark ring surrounding it which ir sug ->stive of a filament in 
the plasma. The dark ring is suggestive of a poloidal magnetic field 
preventing thermal conduction from heating that portion of the plasma. A 
large amount of data has also been gathered for experiments in wnich the 
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value of 

V 
- ^ « 1 'th 

and these effects are not observed. Even though the laser beam incident 
on the target had significant structure," 3'' ''8'1n the experiments 
where 

V osc 

the time integrated x-ray pictures show no evidence of filamentation. 

Another predicted effect of the radiation pressure on the 
plasma is that of the gross modl'lcatlon of the density profile.' 1 2'' '29'* ' 3 0' 
The radiation pressure acts on the plasma in the region of the critical 
density producing an inward force which steepens the profile in this 
region. Plasma calculations indicate that this steepening can lead to an 
sizeable jump in the density at the critical density and that the scale 
length of this transition region can be shorter than the wavelength of 
the incident laser radiation. Direct measurements of *he density distri-

91 -1 bution with scale lengths shorter than 1 urn at 10 cm " are extremely 
difficult. Attwood' ' has shown that even with holographic interfero-
metry at 2660 A, it will not be possible to resolve scale lengths of 1 urn 
at n e = 10 2 1 cm"3. 

f'l 1 Phillion of the Laser Plasma Interaction Group at Livertnore1 ' has 
devised a simple indirect measurement which allows us to infer the scale lenoth 
of this density steepening in the region of the critical density. Figure 26 
snows two limiting cases uf a ray being reflected by a plane stratified plasma. In 
the geometric optics limit (Figure 26a) the polarization vector of the incident 
beam maintains a constant angle with respect to the scattering plane formed by 
grad n and the wave vector of the laser radiation. On the right hand side we have 
the metal limit or the case where there is no r&fraction and the laser radiation 
is reflected by an infinite step in density, in this case the tangential electric 
fields of the incident and reflected waves must cancel at tht reflection surface 
and therefore both the vertical and the horizontal components of the polarization 
vector are reversed upon reflection, thus leading to a polarization vector that 
projects below the plane by v. In both limits the reflected wave is linearly 
polarized, but the E f i e l d directions d i f f e r by 2 v. For a density prof . le 
between these two limits, the s and p . arization components of the incident 
wave will undergo a relative phase shift different from either 0° or 180°, the 
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angles for the limiting cases, as well as a relative attenuation. Thus in 
general the reflected wave will be elliptically polarized with major and minor 
axes unaligned with the scattering plane. Now by measuring the polarization 
state of the reflected light that was originally incident upon the plasma as 
an equal-amplitude superposition of s and p polarized waves, as shown in Figure 27, 
we can infer the extent of the geometrical reflection of the laser radiation and 
the extent of the reflection of the laser radiation as by a metal mirrot. 

By using a computer solution of the wave equation for a plane wave 
incident at an angle on a one dimensional density profile, one can calculate 
the state of polarization of the reflected wave for various values of the 
density scale length and fractional density change.^ 2 1' These calculations are 
shown in Figure 28 together with data from an Argus experiment on en 80 urn glass 
microshell which was irradiated with 35 Joules on one side and 6 Joules on the 
other side. The polarimeter looked at light backscattered at an angle of 45° 
to the incident beam and at a 45° azimuth with respect to the incident laser 
electric field . Thus, the polarization in the two limits differ by 2 y or 90°. 
The principal axes of the polarimeter were oriented so that if the light were 
reflected totally in the metal limit then the degree of polarization would be: 

P . *JLlJ± . , 
!n + ii 

The actual experiment shows a degree of polarization of 0.77. Using the 
numerical calculations for a density jump 

in TT = 1-5 c 
this corresponds to a density scale height of at most 1.5 inn. Data of this 
type has also been generated in the Cyclops experiments for the disk targets 
and it is in basic agreement with the data shown here: i.e., all ihe data 
tends to support density profile modification by radiation pressure of the 
incident laser radiation producing scale lengths much shorter than predicted 
by LASNEX, which ignores the radiation pressure due to the incident beam. It is 

(3?1 interesting to note that Brueckner* "' using our measured x-ray spectra has calculated the fraction of energy which originated in high energy electrons in two of 
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our Janus experiments. These were the sarly experiments with parylene 
disks irradiated using Janus and the glass microshell experiments performed 
using f/1 lenses on Janus. His analysis also leads to an ertimate of the 
density scale length in the region of critical density. His calculations 
indicate that scale lengths less than 1 um are obtained in our experimental 
data which is consistent with the absorption and polarization data presented 

Now turning to the last subject of this paper we address the 
question of inhibited thermal conduction of the electrons. There have 
been a number of papers in the literature* 'which have suggested that 
thermal conduction is reduced below classical calculations even including 
flux limiters. It is also possible to explain reduced transport of 
thermal energy by the electrons due to the generation of thermo-electric 
magnetic fields. Head, et a V have performed calculations to compare 
with the parylene disk experiments of Janus and have shown that the 
reduced lateral thermal transport of energy can be explained by the 
presence of thermo-electric generated magnetic fields. A figure from 
their paper is shown in Figure 29 whern we show spatial distributions 
of the emitted x-rays obtained ii. one of the Janus experiments and two 
calculations containing the magnetic field generatio and the other 
where no inhibition of the electrn thermal conduction and no generation 
of thermo-electric magnetic fields is included. It is clear that the 
data agrees best with the calculation which contains thermo-electric 
generation of magnetic fields. 

The next set of data which is taken from our glass microshell 
implosion targets demonstrates the effect of thermal conductivity in 
symmeterizing implosions of qlass microshells. Figure 30 shows x-rav 
microscope images from a series of experiments which were performed with 
the f/1 focusing lenses on Janus at power levels of ^ .4 TW. The image 
from the 100 um ball clearly shows the imprint of the initial laser radia
tion on the target and the very nonspherical implosion at the center. As 
we go to the 80 \m ball more energy goes a larger angular distance around 
the target and the implosion is more spherical. However, still there is 
a very clear equatorial regicn which was not significantly heated by the 
laser radiation. The 60 \m bill shows that laser radiation heated all 
the way around although not as vfficiently in the equatorial region and 
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the implosion is, again, more spherical. Finally, with the 40 uin ball 
the scale length for the absorption region allows thermal conduction to 
carry the energy all the way around the glass shell and the implosion 
is quite spherical. This affect can also bo shown by increasing the 
power on the target, keeping the target diameter and the focusing 
geometry the same. Figure 31 shows the x-ray images of two 80 »m diameter 
targets. In the image on the left, the irradiation was produced by Janus 
which has a maximum power capability of 0.4 TW and the image on the right 
was from a target that was irradiated using Argus at 2 TW. One clearly 
sees that the increased power level drives the thermal conduction to heat 
the equator and produce a more spherical implosion with this factor of 5 
in power. 

This effect can also be shown using the Janus ellipsoidal mirror 
focusing system. The central x-ray microscope Image shown in Figure 32 
is produced with the target in "best focus" and shows that at these power 
levels the equatorial region still does not get as hot as the polar regions. 
When the foci are overlapped as shown in the right hand image tie heating 
is more uniform and the implosion more nearly spherical. On the left side 
we show a case in which the foci have been separated and made to H e on 
the polar caps of the spherical target. Thus the ellipsoidal mirror 
focusing system can produce a very polar generated implosion with very 
little heating in the equatorial region. 

In conclusion, we have shown in these experiments and their 
analysis, that the absorption fraction for glass microshell targets in 
the range of 1 0 1 4 - 1 0 1 6 W/cm is ^ 25-30%. For planar targets independent 
of <Z>, the absorbed fraction is -v. 40%. These measurements have been made 
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over an intensity range of 10 - 10 W/cm . It is clear from the experi
ments and the analysis that an explanation of the light absorption process in 
terms of inverse Bremsstrahlung alone is not adequate in either the low 
intensity regime or in the high intensity regime. We have also shown signi
ficant svidt . ;e that resonance absorption is one of the prime candidates for 
explaining the measured absorptions along with parametric instabilities and 
two stream instabilities. We have also shown that the radiation pressure 
of the incident laser beam can produce filamentation and profile modification 
in the region of the critical density. Finally, we have shown that there is 
evidence of reduced thermal conductivity in the lateral direction which can 
be explained by the generation of thermo-electric magnetic fields and we 
have presented data on spherical targets which when analyzed may also support 
this conclusion. 
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FIGURE CAPTIONS 
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Figure 11: X-Ray Spectra - 1.06 urn Laser/Parylene Disk 
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Figure 15: Electron Emission Spectra - 1.06 um Laser/Parylene Disk 
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Figure 17: Resonance Absorption Simulation Results 

Figure 18: Scattered Laser Light Distributions - 1.06 um Laser/Parylene 
and W/Glass Disks 

Figure 19: Time-Integrated Azimuthal Distributions of Light Back-Scattered 
at an Angle of 26° to the Incident Beam for Lead Glass Targets 

Figure 20: Scattered 1.06 u Light Distribution 

Figure 21: Irradiation of Microshells with f/1 Focusing Lenses Show a 
Strong Polarization Dependence of the Scattered Light as 
well as the Particle and X-ftay Energies. 
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Figure 22: Asymmetric Heating of 1.06 vm Irradiated DT Filled Glass 

Microsphere Target 
Figure 23: Janus Spherical Illumination System 
Figure 24: Absorption is Sensitive to the Amount of Focal Overlap 
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Figure 26: Polarization State of the Reflected Light for a Linearly 
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Figure 32: Absorption and Implosion Symmetry for Different Focussin" 
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Table I 

Janus Cyclops Argus 

No. of beams 2 1 2 
Aperture 8.5 cm/beam 20 cm 20 cm/beam 
Max focusable power 0.4 TW 0.7 TW 2.2 TW 
Focusing optics 2 ~ f / I lenses 2 "v f/2.5 lenses 2 -v f/1 lenses 

2 ^ f/0.47 lenses with 
6 = 1/3 ellipsoidal mirrors 

9/76 
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