Space-resolved extreme ultraviolet emission from laser-produced plasmas
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We have obtained extreme ultraviolet (XUV) spectra of plasmas created by focusing nanosecond
CO, laser pulses onto massive planar targets of Al, Ti, and CH,. The instrument used to obtain these
spectra was a normal incidence extreme ultraviolet spectrograph with the entrance slit removed. The
cancave spherical grating of such a slitless spectrograph diffracts and focuses the XUV radiation,
and the resulting images are recorded on Kodak 101 film. The XUV images are therefore space
resolved but time averaged over the lifetime of the plasma. The wavelength range covered in these
spectra is 200- 500 A. In this range, the emission lines of aluminum are due to transitions between
the 25°2p*, 252p* * !, and 2p* * % configurations within the ions from Al V through Al X. For titanium
plasmas, emission lines from Ti VII, Ti X1, and Ti XII have been identified. The prominent images
obtained from polyethylene plasma result from 2/-3/" and 2/-4/ ' transitions within the CIV ion. The
general morphology of the plasma expansion shows that the most highly ionized species (Al X, Ti
XII) expand away from the target surface in well-collimated cylindrical structures. These most
highly ionized species also exhibit two component structures; one component expanding along the
target normal and the second component expanding parallel to the incident laser direction. The .
images of the low-ionization stages (Al V, Ti VII) are also cylindrical although their spatial extent is
much less than the images from the high-temperature ions and they are not as well collimated. The
observations are interpreted in terms of particular temperature structues in such plasmas and the

presence of self-generated magnetic fields.

PACS numbers: 52.25.Ps

INTRODUCTION

The interaction of intense electromagnetic radiation
with solid targets in vacuo generates high-density high-tem-
perature plasmas. Such high-energy plasmas are of consider-
able topical interest not only because of their importance in
thermonuclear fusion research but also because they provide
a source of highly stripped ions for a wide range of studies in
laboratory astrophysics, atomic physics, and extreme ultra-
violet (XUV) emission spectroscopy. These plasmas have
also been considered as possible lasing media for soft x-ray
lasers. A basic experimental approach common to all studies
of plasmas of this type is to undertake a global series of ex-
perimental measurements and interpret them in terms of
currently available theories and results of hydrodynamic
and PIC simulation studies. The range of diagnostics com-
monly deployed in such experimental studies include picose-
cond interferometry, measurements of absorbed and reflect-
ed laser radiation, x-ray emission (line and continuum),
spectra of plasma emission at the frequency of the incident
laser radiation and its harmonics, and the spectra of fast
electrons and ions. A very large body of experimental data
now available from various laboratories makes it possible to
describe the basic characteristics of laser-produced plasmas,
despite the fact that a full understanding of the processes
which govern the general behavior of such plasmas is far
from complete.

In this paper we report the results of a study of laser-
produced plasmas in the XUV spectral range (200-500 A)
using a recently developed diagnostic technique.' The rel-
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evance of this study and, in particular, the diagnostic tech-
nique at the present time to laser fusion investigations rests
in its possible application to the investigations of ablative
behavior in thin foil targets and microspheres, where the
implosion velocities and plasma temperatures obtained are
generally lower than those encountered in the more usual
exploding pusher behavior. The lower temperatures created
in such plasmas result in lower x-ray fluences, thus limiting
the use of conventional x-ray diagnostic techniques. Howev-
er, useful studies of the emission characteristics of such plas-
mas can still be made at longer wavelengths by observing the
emission from the lower temperature ions which emit quite
strongly in the XUV region. In the past, XUV spectra in this
region have been obtained using a normal incidence spectro-
graph, and by positioning the target at the Sirk focus, spatial
resolution in one dimension has been achieved.® The present
technique eliminates the slit altogether. The concave spheri-
cal grating produces two-dimensional images of the plasma
in discrete XUV lines, so that a complete map of the XUV
emitting regions of the plasma can be obtained in a single
laser shot. This method of photographing the plasma in two
dimensions at discrete wavelengths reveals some unusual
and interesting features in the XUV emission from laser-
produced plasmas which have not been observed previously
with slit spectrographs. The only constraint on the use of
slitless spectrographs is that the spectral lines be selected
such that the neighboring images do not overlap significant-
ly. Since the XUV spectrum of ions of elements up to Z = 28
is well known from analyses of solar and laboratory plasmas,
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and there are many strong spectral lines that can be emitted
between 200 and 600 A for most values of Z, it is possible to
carefully select the lines being observed before hand, so that
this constraint does not pose a serious problem at all.

In a previous study' monochromatic images of laser-
produced plasmas were obtained in the XUV region between
200 and 550 A. The plasmas were produced by focusing a
1.06-m high-power Nd : glass laser onto flat targets of var-
ious elements. XUV emission in such plasmas was observed
as far away as 1 cm from the target surface, and several
rather unusual features were observed in the emission struc-
tures. For instance, the emission from Ti XII lines shows
that the plasma does not expand in a hemispherical or coni-
cal plume. Instead, the expansion is well collimated and
highly directional. Some of the images show definite struc-
tures. One component in the emission feature expands back-
ward along the incident laser pulse direction, and a second
component expands at an angle between this direction and
the target normal. Finally, these studies revealed the differ-
ing behavior of plasmas produced by irradiating metallic and
dielectric targets. Whereas the emission from plasmas
formed from Ti and Al targets appear as narrow cylindrical
structures, the expansion features from polyethylene targets
are broad fanlike structures.

Similar investigations® of plasmas produced by a gain-
switched CO, laser showed very different behavior in the
plasma expansion to that observed in Nd : glass laser-pro-
duced plasmas. In particular, the emission from the most
highly ionized species was observed to be along the direction
of the target normal, whereas the expansion of the lower Z
species was always along a direction parallel to the incident
laser pulse direction. This spatial separation of high and low
Z ions is perhaps not altogether surprising considering that
the CO, laser pulse was relatively long (70 ns FWHM), fol-
lowed by a long 1-us low-intensity tail. Such behavior would
seem to be consistent with a picture in which the highly ion-
ized species were produced in the hot plasma during the 70-
ns initial spike, and the low Z ions resulted from the cooler
plasma formed during the long tail of the laser pulse.

The chief motivation behind the present studies was to
obtain XUV spectra from plasmas produced by a nanose-
cond CQ, laser pulse and to compare these with spectra
obtained from plasmas produced by other laser systems in
terms of the wavelength of the laser radiation, laser pulse
lengths, and maximum intensities. A large number of target
materials were used to see the dependence of such spectra on
the metallic or dielectric properties of the target material and
to observe any variations of the general plasma morphology
with heavy and light elements. Finally, we consider some
simple models of the plasma behavior which would result in
the observed emission spectra and which would be consis-
tent with the experimentally observed characteristics of such
plasmas.

Il. EXPERIMENT

The experiments were performed with a single beam of
the COCO-II laser system which includes an actively mode-
locked oscillator and a number of uv preionized atmospheric
pressure CO, amplifier modules.® The approximately Gaus-
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sian shaped pulse from the oscillator is considerably modi-
fied by saturation effects in the amplifier chain and by the in-
line saturable absorber cells. Prepulse levels greater than 50
¥ and prelase levels greater than 50 kW can be detected in
this system, and the pulse contrast ratio is approximately
10°.

Flat massive targets were illuminated by the output of
the laser system [35 J, 1.5 ns (FWHM)] focused to a half-
energy diameter of 110 um with f /2.5 off-axis parabolic op-
tics. This provided peak intensities of 2 10'* W/cm ? on
target, with prepulse radiation levels of no greater than
2x 10®* W/cm 2. Under these conditions, picosecond visible
light interferometry’ confirmed that prior to irradiation by
the main laser pulse there existed no plasma at the target
surface with electron density in excess of 10 '* cm .

Investigations of the plasmas with a picosecond inter-
ferometric probe at conditions quite similar to those used in
the present experiments give the characteristics of the elec-
tron density distribution throughout the laser pulse and dur-
ing the plasma decay phase following the pulse. These stud-
ies show clear evidence of profile modification due to
pondermotive forces, with a steep density gradient having a
scale length during the laser pulse of approximately 10 zm
from 0.2n, to 7n, at 2X 10'* W/cm?. The development of
deep density craters® has also been observed during the inter-
action, where the plasma directly in the path of the photon
beam is pushed back towards the high-density region as a
result of transverse intensity variations, across the laser
beam. It is possible that these density wells and the general
rippling of the critical density surface are at least, in part,
responsible for some of the structure that is observed in the
XUYV emission spectra discussed later.

Line intensity ratio measurements® in the x-ray region
have indicated a thermal temperature of 350400 eV in the
high-density plasma (#, > 10'* cm —?). Assuming that the
highest ionization stages are formed in the focal region, a
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FIG. 1. Schematic of the experimental arrangement.
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FIG. 2. Three spectra of CO, laser-produced plasmas obtained with aluminum targets. The target normal was tilted 35° to the incoming direction. The

millimeter scale gives distances from the target surface.

temperature of approximately 400 eV is consistent with the
observation of H and He-like aluminum. As will be shown,
the temperature at distances of several millimeters from the
target surface can be estimated from the presence of low-
temperature ions. From these observations the electron tem-
peratures are of the order of 100 eV.

The spectra in this study were obtained using a slitless
extreme ultraviolet spectrograph (spectroheliograph) de-
scribed earlier,' operating in the 200-500-A spectral range.
The spectroheliograph produces two-dimensional images of
the plasma in discrete XUV emission lines which are record-
ed on Kodak 101 film and are therefore time averaged over
the plasma lifetime. For these experiments the spectrohelio-
graph was deployed as in Fig. 1, where the source-grating
distance was 165 cm and grating-film distance was 72 cm,
giving a magnification of 0.43 and a reciprocal dispersion at
the film of 3.89 A/mm. The astigmatic blur in the focal plane
along the direction of plasma expansion at a wavelength of
300 A is less than 22 zm, and this limits the spatial resolution
in this direction to about 50 zm. In the direction of disper-
sion the blur is 10 zm and the corresponding spatial resolu-
tion is bout 23 um.

Ill. RESULTS
A. Description of spectroheliograms

Figure 2 shows three typical spectra from an aluminum
target. Each spectrum was obtained with a single 1.5-ns CO,

184 J. Appl. Phys,, Vol. 51, No. 1, January 1980

laser pulse of ~ 35 J energy. In the wavelength range of these
spectra (250440 A) the aluminum emission lines result
from transitions between the 25?2p*, 2s2p*+! and 2p*+?
configurations within the ions of A1V through A1X. A com-
parison of the aluminum spectrum with the theoretical spec-
trum'® shows that quite a few of the images are, in fact,
blends of several emission lines, some of which origniate
from different ionization stages. Only when the plasma di-
mensions are small enough such that the extent of the XUV
image along the direction of dispersion is small, can many of
the lines be clearly resolved. For example, such is the case for
plasma produced from thin foil targets of dimensions com-
parable to the focal spot diameter.

The continuous emission close to the target surface is
free-free and free-bound continuum. The plasma expands as
shown in Fig. 2 in narrow cylindrical plumes, and emission
can be observed up to about 6 mm from the target surface.
Normal to the target surface the resolution is purely spatial,
while parallel to the target surface the resolution is both spa-
tial and spectral. The maximum contribution of thermal ion
Doppler broadening to the image size, for Te~~400 eV and
A =461 A, is approximately 60 um at the target surface.
Doppler broadening due to the expansion velocity, likewise,
contributes less than 50 um to the image size for a velocity of
about 2 X 107 cm/s.* Thus, the resulting spectral image quite
accurately portrays the shape of the plasma in both direc-
tions. For these experiments the target normal was tilted 35°
to the incoming beam direction, as shown in Fig. 2.
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FIG. 3. Two spectra of CO, laser-produced plasmas obtained with titanium targets. The density sensitive lines in the Na isoelectric sequence are shown in

these spectra.

It is seen from Fig. 2 that the plumes are either narrow
cones or narrow cylinders. Generally, the most highly ion-
ized species, e.g., Al IX and Al X, appear as narrow cylin-
ders, whereas the less ionized species, e.g., Al V, Al VI, and
Al VII, have a conelike or cylindrical structure of greater
radius. This is clear from Fig. 2 if one compares the Al X
images (at 406.4 A) to Al VII images (at 356.9 A).

Figure 3 shows two spectroheliograms obtained from
Ti targets. The energy in the laser pulse on target was 39 J for
the upper spectrum and 42 J for the lower one. For the top
spectrum the target was a 3-mm-diam cylinder of titanium
while the lower spectrum was obtained from a cylindrical
titanium target about 200 £m in diameter. Images of Ti VII,
Ti X1, and Ti XII have been identified in these spectra. Fig-
ures 4 and 5 show two-dimensional photographic isodensity
contour plots of the images of two of the transitions in the
lower spectrum shown in Fig. 3.

In these spectra the line emission from the 3s-3p lines of
Ti XII at 480 and 461 A is confined to a narrow cylinder
(having a diameter of between 500 and 800 ym) directed
back in the general direction of the incident laser pulse. In
some cases emission can be observed as far away as 8 mm
from the target surface. Another interesting feature of these
spectra is that the images of the most highly ionized species
show a two-component structure. One component lies along
the target normal and the second component in a direction
between the target normal and the incident laser pulse. The
less ionized species, on the other hand, do not extend too far
from the target surface and generally appear as brighter re-
gions in the continuum. As in the case of aluminum, emis-
sion from the lower ionization stages in both cases does not
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appear to be as sharply collimated as is the case with the
higher ionization stages. The low ionization stages are prob-

FROM TARGET (mm)

DISTANCE

461 A (3s- 3p)

FIG. 4. The isodensity contour plot of the Ti XII image at 461 A shown in
the spectrum of Fig. 3. The shadings indicate areas of equal photographic
density, black corresponding to the highest density.

Ti Xl

Ebrahim et al. 185

Downloaded 31 Oct 2003 to 132.170.162.242. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/japo/japcr.jsp



3.0—

T

E a5t

[

[

-

b 2.0

™

3

o 1.5+

-4

e

[}

7 Lo

z [

g C

o [

a -
ost
ool

A N

Ti Xl 480 A (3s - 3p)

FIG. 5. The isodensity contour plot of the Ti XII image at 480 A shown in
the bottom spectrum of Fig. 3.

ably formed as a result of recombination from higher ioniza-
tion stages and exist in the cooler plasma at much later times
after the laser pulse.

Figure 6 shows a spectroheliogram obtained from a
polyethylene target. The energy on target in this case was
about 42 J and the target was a polyethylene disk approxi-
mately 3 mm in diameter. The prominent emission features
obtained in this spectral region from a polyethylene plasma
are the CIV images. Theseimages aredueto2/-3/' and 2/-4/’
transitions in the C IV ion. From Fig. 6 we note that in the
case of a polyethylene plasma the expansion appears to be
fanlike, in the form of a wide-angle cone centered about the
incident laser direction. There is no evidence of any structure
in these particular images. This rather broad expansion ob-
tained with carbon images has also been observed else-
where."!! XUV images of the more-highly-ionized carbon
ions have been obtained recently'? using a dispersive micro-
scope operating in the region of ~ 100 A. The images of the
H_ line of C VI at 182 A obtained using such a device appear
more like a conical plume than a broad fanlike structure, as

is the case with C IV images. It is therefore clear that with
metallic and dielectric targets the ions of higher ionization
exist in the much narrower regions of the plume.

The one-dimensional expansion observed in the XUV
emission from Nd : glass and CO, laser-produced plasmas
tends to suggest the presence of a radially confining force in
these plasmas. Such a force can result from large-scale azi-
muthal self-generated magnetic fields, and we have shown
recently that the various features observed in the XUV spec-
tra of nanosecond CO, laser-produced plasmas are, in fact,
quite consistent with the presence of such fields.* The essen-
tial point in these analyses is that MHD effects will directly
influence the plasma dynamics in the regions of 5 < 1, where
[ is defined as the ratio of the plasma pressure to the magnet-
ic pressure { = 2u, N, kT /B?). The time-averaged electron
temperature in the Nd : glass laser-produced plasmas, as de-
termined from x-ray spectra for conditions similar to those
obtained in the XUV studies was 650 eV '. Assuming that
the maximum value of the fields occur at approximately
n, =0.1n, (wheren, =10*' cm~°), B=1for B= 1.6
MG. Experimentally, such fields have been observed recent-
ly by Faraday rotation in Nd : glass laser-prodcued plas-
mas'?! for values of I4 2 quite similar to those in the studies
discussed in this paper. For instance, maximum field ampli-
tudes of 1.8 MG off aluminum targets irradiated by a
Nd : glass laser at an intensity of 1< 10'¢ W/cm?* with an
electron density in the region of the maximum field of 0.16n,
have been measured.'* It is therefore clear that such magnet-
ic fields can be expected to modify the density profile in these
plasmas quite appreciably.

We should also point out that spectroheliograms ob-
tained from 150- and 500-um spherical targets irradiated on
one side with a nanosecond CO, laser pulse also show the
one-dimensional expansion in the XUV emission.'> Howev-
er, Faraday rotation measurements on small microballoon
targets under 1.06-um irradiation do not show evidence of
magnetic fields within the system sensitivity of 100 kG.™
This is attributed to that fact that on small targets with diam-
eters of the order of the focal-spot size, the symmetry of the

spherical expansion results in small source terms for mag-

netic fields. On large spherical targets the nonspherical sym-
metry due to the nonuniform irradiation can result in large
enough source terms and hence significant magnetic fields.
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FIG. 6. Spectra of CO, laser-pro-
duced plasmas obtained with CH,
targets.
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Experiments with Nd : glass lasers using large (100 um)
spherical targets and small (25 pm) focal spot have, in fact,
detected magnetic fields of up to 1.5 MG."

A second possibility lies in the assumption that the gen-
eral shape of the expanding plume is a cone, with the most
highly ionized species occupying the center of the cone.
Lower temperature regions will form successive overlapping
shells around this high-temperature region. This is certainly
possible because of the radial energy distribution of the laser
focal spot. This type of a temperature structure has, in fact,
been found'' for polyethylene targets irraditated by a 5-J 17-
ns ruby laser with an average intensity of 2.9 X 10 ' W/cm 2.
However, this explanation is not completely satisfactory in
the case of heavier elements where even the images of the
lower ionization stages tend to be cylindrical in appearance
and where the temperature structure that must exist in order
to produce this behavior can no longer be explained simply
on the basis of the radial energy distribution within the laser
focal spot.

B. Comparison with spectroheliograms obtained with
other laser systems

As pointed out earlier, spectroheliograms of plasmas
produced off Al, Ti, and Fe targets have also been obtained
at NRL with two laser systems having distinctly different
characteristics from that used in the present study. The
NRL Nd : glass laser delivered a 10-J 100-500-ps, 1.06-um

NRL
Nd: GLASS LASER

NRL
co, LASER

NRC
CO, LASER

- <
[=] (=4
< 1]
® ™
x X
e =

pulse, focused by an /1.9 lens to focal spot dimensions of
~20 pum, providing peak intensities of greater magnitude
(~10'* W/cm ~?) but of comparable value in (/4 ?), for a
similar time period, as the NRC laser system. The second
NRL system was a gain-switched CO, laser system produc-
ing a 300-MW 70-ns duration pulse followed by a low-inten-
sity long (1 us) 40-MW tail, focused to comparable focal
dimensions (~200 um) but providing peak intensities
(~10'* W/cm ~?) considerably less than the present CO,
laser system, but over a time period in which significant in-
teraction of the laser beam would occur during the expan-
sion phase of the plasma. All three studies were performed
with the same spectroheliograph, and it is therefore instruc-
tive to compare the spectroheliographs obtained in all these
studies.

The NRL spectroheliograms of Al have recently been
described.'® They found little if any difference in relative line
intensitites between the short-pulse Nd : glass and the long-
pulse CO, laser spectra. We, in turn, find no difference in
relative line intensities between the short-pulse CO, laser
spectra and the NRL results. The reason for this revolves
around the temperature and density of the laser plasmas and
the spectroscopy of Al. Within the range of the spectrohelio-
graph (~200-500 A) fall the lines of A1V through A1X. The
lines of Li-like Al XI fall between 550 and 568 A, while
strong lines of Al XII and Al XIII fall in the x-ray region.
The ions Al +* through Al ™ are easy to produce at the
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FIG. 7. Comparison of laser-produced plasma spectra of titanium targets obtained with NRL Nd : glass laser (upper spectra), NRL gain-switched CO, laser

(middle spectra), and NRC short-pulse CO, laser (lower spectra).
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FIG. 8. Intensity ratio (erg) of the spectral lines in the Na-I isoelectronic
sequence for Ti as a function of electron density.

temperature of the glass and CO, laser plasmas. Spectra of
Al*'" are observed in the x-ray region. Furthermore, Alis a
rather light element, and typical transition probabilities for
transitions between the 2s?2p*, 252p** ! and 2p** * con-
figurations are of the order of 25X 10° s . (Transitions
betwen these configurations are responsible for the emission
lines observed in the spectroheliograms.) Now the densities
of CO, plasmas are 2 107 cm —, while densities in
Nd : glass laser plasmas are 2 10" cm —3. At densities
above ~ 1 10'® cm ~3 the product of the density N, times
the electron impact excitation coefficients C;; for excitations
between levels of the above-mentioned configurations is
comparable to or greater than the transition probabilities.
Thus, the levels of these three configurations at densities
> 10 '® ¢m ~* are in relative Boltzmann equilibrium for each
ion, and therefore all the Al spectra look very similar. How-
ever, far from the target where N, ~10'” cm ~* this condi-
tion is not true. The low-density region appears to be about 1
mm away from the target surface in our spectra. Spectra of
elements such as Al are useful for studying the morphology
of the plasma expansion and for determining the wavelength
efficiency of the spectroheliograph.'®

As shown in Fig. 7, a comparison of the Ti spectra pro-
duced by the three laser systems reveals significant differ-
ences. In the nanosecond CO, laser spectra, the Ti XII at
461 A is about as intense as the Ti XII image at 350 A in the
target region. The line intensity ratios of the Ti XII 350- or
341-A lines to the Ti XII 461-A is density sensitive. The
theoretical sensitivity is given in Fig. 8,' and this implies a
density of about 10'® cm™. In the NRL CO, spectra, the
461-A image away from the target is brighter than the
shorter-wavelength images, but close to the target surface
the intensities are about equal. This implies a similar density
near the target surface in the NRL CO, plasmas. In the
NRL glass spectra, the 341- and 350-A images are stronger
than the 461-A image, implying densities of at least 5x 10 '®
cm —°. This is expected since most of the plasma heating
occurs at a density of 102! and 10'® cm ~* for glass and CO,
laser, respectively. Most of the line emission in the CO, laser
plasmas appears to occur at densities about an order of mag-
nitude less than the critical density.

The time-integrated distribution of Ti ions in the spec-
tra of all these laser systems is qualitatively quite similar.
The intensity of the Ti XIimage at 386 A isabout the same as
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the Ti XII images just discussed. In the nanosecond CO,
laser spectra, well-resolved images of Ti XI and lower de-
grees of ionization appear between 386 and 460 A. These are
not nearly as apparent in the NRL glass laser spectra, and
this may result from a higher temperature of the Nd : glass
laser plasma. The Li-like Ti XX images are not present in the
CO, spectra. Assuming ionization equilibrium, this implies
amaximum electron temperature of about 1 keV for the CO,
laser plasmas.

The axial extent of the short-pulse CO, laser Tiand Al
images beyond the target and the extent of the NRL
Nd : glass Tiand Alimages are about the same. On the other
hand, the NRL CO, images, which are also cylindrical in
shape, are substantially longer or more extended away from
the target than in the NRC spectra.? We believe that this
could be a result of the much longer pulse length of the NRL
CO, laser than the pulse lengths of the NRC laser or the
NRL Nd : glass laser. For the CO, laser, the Ti images ex-
tend about 3.5 mm from the target. In the case of the NRL
Nd : glass laser, the images extend about 2.5 mm.

IV. CONCLUSIONS

We have obtained XUYV spectra of laser-produced plas-
mas created by focusing nanosecond CO, laser pulses onto
massive planar targets of Al, Ti, and CH, . The instrument
used to obtain these spectra was a slitless normal incidence
extreme ultraviolet spectrograph covering the wavelength
range 200-500 A.

The general morpholgy of the plasma expansion shows
that the ions of higher multiplicity expand away from the
target surface in well-collimated cylindrical structures,
which observation is consistent with the presence of self-
generated magnetic fields in such plasmas. We have also
shown that the highly ionized species exhibit two-compo-
nent structures, one component expanding along the target-
normal and the second component expanding parallel to the
incident laser direction. It is possible that density craters and
the genreal rippling of the critical density surface are at least,
in part, responsible for the structures that are observed in
these spectra. A comparison of Al spectra obtained with
Nd : glass and CO, lasers show very little difference in the
relative line intensities. This behavior is explained in terms of
the temperature and density of the laser plasmas and the
spectroscopy of Al. A similar comparison of Ti spectra
shows that while the time-integrated distribution of Tiions is
qualitatively quite similar, there are significant differences in
the relative line intensities, reflecting the different densities
at which plasma heating occurs in Nd : glass and CO, laser
plasmas. Finally, it is suggested that the present diagnostic
technique may be useful in the investigations of ablative be-
havior in thin foil targets and microspheres where the lower
temperatures result in lower x-ray fluences, thus limiting the
use of conventional x-ray diagnostic techniques.
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