Imaging the Cold, Compressed Shell in Laser Implosions Using
the Ka Fluorescence of a Titanium Dopant

The cold, compressed shell in laser-driven implosions cacold shell surrounding the hot core around the time of peak
normally be imaged only by backlighting because its x-rayrompression. The term “cold” in this context will be defined
emission is very weak. However, a highdoped shell can be below. Thisimaging method is much simpler than backlighting
imaged using th&a line radiation, which fluoresces due to and has an additional advantage: whereas in backlighting an
excitation by the intense radiation from the hot core. We showntense core radiation competes with the signal, here, to the
results from titanium-doped target implosions where the onesontrary, it enhances Ka emission in past experiments has
dimensional spatial profile of the Kia radiation yields the been associated with excitation by suprathermal eleétoons
dimensions of the cold shell around the time of peak compresy coronal radiatiod.However, the data in the present experi-
sion. This result, coupled with the shell areal density detement clearly shows that the excitation source fokitidine is
mined by th&-edge absorption, yields an estimate of the shellhe core radiation.
density. SinceKa emission depends only on the cold shell
density (not its temperature), its image directly reflects the Ka fluorescence can be imaged by monochromatic, two-
shell uniformity. Additionally, the measured absorption abovalimensional imaging; a method involving a Kirkpatrick—Baez
the K-edge and the energy in tKex line, which are directly (KB) microscope coupled to a diffracting crystal was recently
related, are shown to indeed be consistent. demonstrated by Marshall and OeftélHere we report on
one-dimensional polychromatic imaging obtained with a crys-
Laser-imploded targets consist of a hot core surrounded kgl spectrograph fitted with a spatially resolving slit. One-
a cold, compressed shell. Diagnosing the shell is vital tdimensional imaging cannot show the symmetry of the cold
understanding targetimplosion, and several x-ray—based me#hell, but it can determine its average radial extent. Coupled
ods have been developed to address this requirement. Rmith the measurement of the shell’s areal density by any of the
example, it has been sholwvhthat the peak in the emergent above methods, this result can lead to an estimate of the average
continuum radiation (caused by shell absorption of the sofhell density around peak compression. Also, the measured
radiation) can be used to determine the shell areal densitypatial extent dka radiation provides an additional constraint
More recently# it has been shown that doping part of theon two- and three-dimensional simulations of target implo-
shell with a highZ element provides additional signatures ofsion. The purpose of this work is to demonstratehamages
shell temperature and areal density, namely, absorption linesin be obtained with targets of low-level doping and that a cold
andK-edge absorption [including extended x-ray absorptiorshell is indeed found to surround the hot, compressed core.
fine structure (EXAFS)]. All these methods depend on the
core radiation; thus, a time-integrated measurement yieldSxperimental Results
approximately the conditions at peak compression, when that Figure 72.6 shows a schematic of the target and measure-
radiation is strongest. ment configurations. The polymer target is initially empty; at
peak compression, part of the overcoat has been ablated and the
Additional valuable information can be provided by imag-inner part of the mandrel forms the core. The doped layer
ing the cold shell. Since a cold shell emits few x rays, itgontains titanium at 0.5% by atom number. An axial view by
imaging is normally done by backlighti®fg’ However, we  the x-ray spectrometer shows the emission of continuum from
show in this article that when the cold shell is doped, it can bine core, as well d&-edge absorption ardr emission within
imaged usinda fluorescence excited by the core radiation.the doped layerAn off-axis view should show only ther K
The fluorescence oKa radiation can occur only in cold emissionThe overcoat is much thicker than the laser-ablated
material and is significant only when the pumping core radialayer, ensuring that none of the titanium-doped layer is ablated
tion is intense; thus, thka emission profile delineates the away. Likewise, the titanium layer is sufficiently far from the
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tatively relating the two we can verify that the absorption of
core radiation accounts for all the energy inKleeline. The
rapid changes in absorption above Kredge are related to
EXAFS# Also, the narrow spike of absorption at thedge
has been observed in synchrotron experiments on titafium
Core emission, and other metal$ and is attributed to a high density of
K-edge absorption,  g.orbital states above the Fermi level. The Ti dddine
Ka fluorescence o ) . . . 2
(along with its dielectronic satellites) is a signature of miging.
Earlier experiments with thinner, Ti-doped shelhowed
absorption lines due te32p transitions in Tiions with various
L-shell vacancies (in addition t-edge absorption); the ab-
sence of these lines in Fig. 72.7 indicates that the doped layer

Ka fluorescence

Figure 72.6 is uniformly cold T = 100 eV).
Schematic representation of the target and measurement configurations. An
axial view by the x-ray spectrometer shows the core emission of continuum 1.4 —
as well aK-edge absorption arttr emission within the doped layer. An off- L He- Shot 9095+
axis view shows only thEa fluorescence emission. 1.2+ -
. . . N : .2 10r
inner-shell interface to ensure no emission of titanium lines in@
the absence of mixin§The titanium layer is thus cold for the é 08L
most part and should give riseKar fluorescence. £ L
L 06

We analyze the results from a single target shot, No. 9095, - 1
on the OMEGA laser systeit. The target was a 6/4m- 0.4 K-edge .
thick, empty CD mandrel of 93@m outer diameter, coated 02 L]
with a 8.7um-thick CH shell that was doped with titanium at ‘4.0 45 5.0 5.5

0.5% concentration by atomic number (or at a density of

0.037 g/cm). Finally, the target was overcoated with an E858!
18.74um-thick CH layer. The 29.6-kJ laser pulse had a 1-ngigure 72.7
flat top (to within £5%) with 100-ps rise and fall times. Detailed view of the significant spectral features in the spectrum. TiKe Ti
Smoothing by spectral dispersion (SSB?JWas used in this line is emitted by the cold titanium-doped layer due to excitation by the core

experiment, but not distributed phase plates (DPlls’S). radlatlor]. Above th&-edge the co-nt-lnuum I.evel is segn to drop because of
absorption by the same layer emitting Ke line. The Ti Hea line (along

. with its dielectronic satellites) is a signature of mixfhg.
The x-ray spectrumin the range of ~4 to 9 keV was recorded

by a Ge(111) crystal spectrometer fitted with a L@®wide
spatially resolving slit. The crystal and film calibration meth-1. Temperature and Areal Density Determinations
ods used in the data reduction are explained in Ref. 4. Spec- The drop in intensity above tlkeedge of cold titanium at
trally dispersed images were also obtained with a KB x-ray.966 keV enables us to estimate the temperature of the ab-
microscope of resolutiors5 um, fitted with a dispersing sorbing titanium layer. To that end we show in Fig. 72.8 the
grating, similar to the arrangement described by Marshalthange in the TK-edge energy when successive outer elec-
etal? The KB microscope mirrors are coated with- trons are removetf When the 1M-shell electrons in Ti are
ium rather than gold® The dispersion of the grating was removed, the edge shifts progressively from 4.966 keV up to
0.97 A/mm (insufficient for resolving spectral lines), and the~5.3 keV; when the eight-shell electrons are removed, the
image magnification was 12.5. edge shifts progressively from ~5.3 to ~6.2 keV. Thus, a
distribution of charge states would cause the intensity above
Figure 72.7 shows part of the spectrum (in the axial view)he edge to decline gradually, rather than abruptly. The solid-
containing the main features of interest in this work:Kihe  state features near tkeedge (which may mask such a decline)
line and theK-edge absorption. The absorption of core emisextend over ~150 eV; we can therefore state that up to
sion seen above tlkeedge leads tBa excitation. By quanti- ~5 electrons could have been ionized. Using a collisional-

Photon energy (keV)
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radiative steady-state calculation this can be shown to correre rely on a wide range of the spectranmay from th&-edge

spond to a temperature in the doped layer of less than ~40 éVe show in Fig. 72.9 the total measured spectrum, in axial

This is consistent with the above-mentioned absence of aliew, after subtracting the background due to coronal emission

sorption lines, which would have requifalhigher tempera- (see Fig. 72.10). Starting with the observed spectt&nwe

ture (T ~ 200 to 500 eV). derive the spectrurh.(E) emitted by the core before being

attenuated by the cold titanium layer. This is given simply by

We now derive the areal density of the titanium shell using

the absorption above tieedge. The solid-state features near I.(E) = I(E)/exp[—pAr T (E)] 1)

the K-edge obscure the drop in intensity at the edge. Conse-

quently, in fitting the experimental spectrum with standardvherepAr is the areal density of the titanium alone af(i)

cold opacity data (which do not include th&sedge features), is the absorption (or opacity) of cold titanium. We adjp/fst
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Axial view of the calibrated spectrum showing the core continuum emissiohe one-dimensional image of target emission, in the target plane, averaged
(after subtracting the background due to coronal emission). The areal densiyer a photon-energy interval of 0.1 keV on each side d€¢hiene. The core

of the titanium-doped layer is obtained by dividing the observed spectrum bgmission is clearly distinct from that of the laser-heated coronal region. Note
the opacity of cold titanium: a layer pAr = (16+1.6) mg/cnd@ results in an  that the 10Q#m-wide slit has in this image a magnification larger by a factor
exponential curve that joins smoothly the spectrum belovKtedge. The  (1+1/M) ~ 1.55 than the target magnificatibh The emission profile at the
slope yields the core temperatdre. wavelength of th&a line is also shown.
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until the resulting core-emitted spectrum smoothly joins thés an upper limit, we use the value for neutral Ti (namely, 0.21)
spectrum below thK-edge. The best fit is shown in Fig. 72.9 and obtain a lower bound on the expedtad energy. Fig-

by the curve marked “corrected for Ti absorption.” The correure 72.8 shows that théa line emitted by these ions would
sponding areal density of the titanium alone is (8.56 shift by less than ~5 eWVhe observe&a linewidth is in fact
0.05) mg/cm; hence, the areal density of the doped layer isnuch larger than 5 eV (see below) and thus possibly includes
(16£1.6) mg/cn?. The error in the areal density is determinedthe emission from all these iofigKa) in Eq. (2) is the photon

by the noise in the spectral intenslit\gsing this value we can energy of th&a line (~4.5 keV), and the factor 0.5 accounts
estimate the total areal density of the compressed shell, usifay the fact that only half th€a photons travel outward. The
the value of total ablated target mass. Charge-collector datarrection factor in front of the integral accounts for absorption
showed that a layer of thickness ~rh (of the initial target of Ka photons in the polymer shell (th&x line cannot be
overcoat) has been ablated away, leavingiur@8inablated. It  resonantly absorbed since if the temperature is high enough to
has been shovrthat thepAr ratio of the unablated shell to produce the requiret-shell vacancy, it will surely be high
that of an embedded layer within the shell increases onlgnough to deplete tiM shell). Using the above estimated areal
slightly during the implosion (more so, the closer the embeddensity of the compressed shell, we obtain €rfCH)] ~ 0.7.

ded layer is to the inner surface of the shell); for our case thispplying Eq. (2) to Fig. 72.9, we obtain for the predidted

ratio increases by up to ~30% for increasing compressio@nergye(Ka) ~ (15:3) mJ. The error results from the noise in
ratios. Furthermore, the ratio can be approximately calculateitie spectrum and uncertainty mfCH). Measuringe(Ka)

by assuming the shell to implode incompressibly (the increastirectly from Fig. 72.9 (integrating over the line profile), we
in areal density is mostly due to the radial convergence, not thabtaing(Ka) ~ (13t2) mJ. Since the measured value is lower
compression); thus, a lower limit of this ratio is given by itsthan the predicted value (the latter being an underestimate), we
value in the initial target. For the present target this value isonclude that th&a line is indeed excited primarily by core
2.6, leading to an estimate of the total shell areal density a&diation. If, for example, coronal excitation played a signifi-
=42 mg/cn?. The slope ofl(E) indicates a core electron cant role in exciting th&a line, the measureg(Ka) would

temperature of ~1.1 keV. exceed the value predicted by Eq. (2). This point is further
supported below. The low measured valueg@fa) also
2. The Relationship betwedto Emission and suggests that the shell temperature is well below 40 eV,
K-Edge Absorption otherwise, the increase af with ionization would increase

The absorption of core radiation seen abov&teelge can  the value of(Ka) as determined by Eq. (2).
be used to calculate the energy inkteeline, which can then
be compared with its measured value. The relationship b&. One-Dimensional Continuum aKadr Target Images

tween the two is given by the equation One-dimensional images of the target emission in the range
of ~4 to 9 keV were obtained by placing a slit in front of the
e(Ka)= 0.5exp[—r (CH)] E(Ka) w(Ti) crystal spectrometer. Because of the relatively large width of

0 the slit (100um), the true core images will be derived by

J’[I (measured) — I(corrected)] dE/E. (2) differentiating the measured slitimages. Since the core emis-

Ex sion is mostly a continuum, we select a narrow band of the

continuum, close to the energy of te line, to characterize

The integral calculates the total number of photons absorbebe core size. Figure 72.10 shows the calibrated one-dimen-
above thék-edge and is obtained directly from the differencesional image of target emission, averaged over a photon-
between the two curves in Fig. 72u8 is the relative probabil- energy interval of 0.2 keV (0.1 keV on each side ofKloe
ity for an ion with a-shell vacancy to decay by emittinga  line). The image is shown in the target plane, where the
photon (the fluorescence yield). For neutral Ti the measureti0Oum-wide slit is magnified by a factor {1/M) ~ 1.55 in
fluorescence yield iax =0.2117When the outer electrons are terms of the target magnificatiod. The core emission is
successively removed, the fluorescence yield increases gradtlearly distinct from that of the laser-heated coronal region.
ally.18As discussed above, the titanium atoms in the cold shelNote that because the slitis wider than the core (see below) but
could have up to five electrons ionized. We calculaigdor narrower than the target, the coronal intensity is per slit width,
these ionic species using the model described by Mc@%ire: whereas the central emission is integrated over the core vol-
by removing fiveM-shell electronsgqy increases gradually ume. The emission profile at the wavelength ofKlaeline
from 0.21 to 0.31. Since the number (five) of electrons ionizeaveraged over a 10-eV interval around the line center) is also
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shown and is discussed later. Figure 72.11 shows the net congplosion, this is nearly eliminated by the convolution of space
emission after subtraction of the coronal emission from thand spectrum in the diffracted emission. It is possible, how-
continuum profile in Fig. 72.10. To remove the effect of the slitever, to estimate the size of the core emission region by taking
the derivative of the slit image is taken near the two slit edges lineout through the diffracted emission. In Fig. 72.12 we
(Schlieren). Figure 72.11 shows the result of the differentiashow one section of the core profile derived in Fig. 72.11
tion; as seen, the slitis wide enough with respect to the core si@@hich was obtained from an image averaged arount ¢he

for the two images to be completely separated. In Fig. 72.11ine) and a lineout at 4.3 keV through the dispersed KB-
neither the slit image nor its derivative has been smoothedicroscope image. The difference in units is immaterial for
(except for the averaging of the former over a 0.2-keV spectraéthis comparison. The average FWHM of the core size from
interval). The full-widths at half-maximum (FWHM) of the Figs. 72.11 and 72.12 is thus ~4%.

two resulting images in Fig. 72.11 are marked in the figure; the

two values, 46um and 44um, agree closely. We further We now study the spatial profile of tker line. Figure 72.13
compare the core emission profile obtained in Fig. 72.11 witBhows the spectrum emitted at various distances from the axial
that obtained by the dispersed images of then5resolution  view, after subtraction of the background due to the coronal
KB microscopée? Although the shape of the time-integrated emission (for clarity, the lowest spectrum was shifted down
emission in the zeroth-order image indicates a nonuniforrfrom its zero-level position). Continuous core emission, as
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well as absorption and Heelines, is observed only close to the the continuum radiation. Clearly, tKer-emitting cold shell is
axial view. On the other hand, tKer line, emitted by the cold considerably larger than the core; it has a FWHM of +250
titanium-doped layer, is seen to come from a much wider are20 um. The bars show typical errors in determining ktoe
around the hot core. Since the loikalemission depends only energy from the spectrum. However, the scatter of the points is
on the cold shell density (not its temperature), its two-dimengreater than the error bars, indicating significant shell nonuni-
sional image can reflect directly the shell uniformity. The Heformity, and even asymmetry with respect to the center. Be-
a line is indicative of mixind, which is outside the scope of cause of these limitations we can use onlyKeprofile to

this work. Suffice it to say that the spatial profile of this line agletermine the average outer extent of the cold shell. Studying
seen in Fig. 72.13 clearly shows that the mixing occurs closihe inner extent of the cold shell would require it to be highly
tothe core, i.e., during the shell deceleration rather than durirgpherical and uniform. In that case, the Abel inversion would
the acceleration phase. To obtain thekhespatial profile we  be applied (after deconvolution of the slit broadening); a flat-
could use the difference between the two curves in Fig. 72.1@p profile would correspond to a hollow shell of radial
However, a more reliable method is to examine a large numbemissior?0 Alternatively, a target where the doping includes
of spectra like those in Fig. 72.13 and for each to integrate ovédre mandrel layer can be chosen (the part that forms the hot core
the spectral profile of th€a line to obtain its total energy. The does not emiKa radiation). In that case, the difference in
results of the latter method are shown as points in Fig. 72.2idth between the two curves in Fig. 72.14 would give directly
and compared with the core emission profile as obtained froitme thickness of the cold doped layer.

49—
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© ’ _ tion and Hea lines, is emitted only close to the axial
é 0.4 view. However, thi&a line, emitted by the cold titanium-
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The outer extent of the cold shell is derived from thetions involved, this estimate of the shell density has a large
measured profile in Fig. 72.14, after unfolding the broadeningncertainty (~50%). This uncertainty is large becaus&the
by the slit. Figure 72.14 shows that the data points can bmage is time integrated; thus it is unknown to what extent the
approximately represented by a Gaussian function, which waoping curve is due to a density gradient or to smearing intime.
use merely to facilitate the deconvolution. The net profile ofn arecent experimefita pure titanium layer embedded within
target emissiorP(x) can be obtained from the measureda thinner shell (2m)was shown (using an EXAFS spectrum)

profile Py,(x) through the relationship to compress by about a factor of #0415. As explained above,
an improved estimate can be obtained by extending the doping
dPy (x)/dx = Py (x+d) - Pr(x-d), (3)  tothe inner target surface; in that case, the inner radius of the

cold shell would simply be given by the measured radius of
where the slit width is@ To solve this equation one starts atthe hot core. The relatively low shell compression measured
one end of the image whef(x—d) is negligible and here is the result of the low laser-irradiation uniformity; as
Pr(x +d) ~ dPy (x)/dx, then moves successively through thementioned above, distributed phase pletegere not used in
rest of the image. The resulting FWHM of the deconvolutedhis experiment.
image is found to be ~2320 um. The fitted curve in
Fig. 72.14 is required merely for obtaining a smooth deriv- The relatively large emission region of ke line should
ative in Eq. (3), but we could simply estimate a FWHM basedbe reflected in a broader spectral profile (i.e., in the dispersion
on the experimental points and then subtract the slit widtHirection). Indeed, Fig. 72.7 shows thatieline has a larger
in quadrature, namely (28010)Y/2 ~ 230 um; the two linewidth (~16 eV) than that of the Heline (~8 eV) mainly
results are seen to be very similar. The diameter calculated hdyecause the latter is emitted in the hot core, whereas the former
relates to the doped layer, including the cold mandrel it enconis emitted in the cold shell surrounding the core; the possible
passes, but excluding the remainder of the compressed shigtbadening of th&a line because of the shift with successive
that is outside the doped layer (these three layers have comjpanizations was shown above to be less than ~5 eV. The source-
rable thicknesses). size broadening for these lines is givenAiy(eV) ~ 0.037D

(um) in terms of the emission region seHowever, this size

It should be noted that the radial extenKaf emission in  cannot be reliably derived from this relation because of the

this experiment is not limited by radiation-pump depletion.additional broadening, which must be subtracted out before
This is evident in Fig. 72.9, whekeshell absorption reduces applying this relationship (this includes broadening due to the
the pump intensity by less than ~30%. Also, in the case of purgystal, ~2.5 e\#! and the natural linewidth, which for tKex
depletion the curve corrected for titanium absorption woulds ~4.5 eV)22
not be a smooth exponential curve. The centrally pekked
spatial profile provides an additional indication that it is4. Core Density Derived from the Continuum Intensity
excited by core radiation: a coronal source would produce a An additional diagnostic is provided by the absolute inten-
profile that decreases toward the center. sity of the continuum radiation from the core. Knowing the

core temperature and the volume and duration of the core

We can now obtain a rough estimate of the density of themission, we can derive the compressed-core density and

compressed shell as follows: subtracting the core sizef5 compare it with the shell density derived above. The absolute
from the diameter of the doped layer (280) we obtain 92im intensity can be reliably determined since the crystal calibra-
for the thickness of the combined mandrel and doped layerson agrees well with theoretical calculatichiBhe continuum
We deduced above tigér of the total compressed shell from core emission is due to bremsstrahlung (free—free) and recom-
that of the doped layer. Similarly, we estimate hergothreof ~ bination (free—bound) radiations of the CH core. At the core
the combined mandrel and doped layér,(md), from that of  temperature (~1 keV) the hydrogen and carbon ions are fully
the doped layer alonpAr(d), found above to be 16 mg/ém ionized and the emission at an eneEginto the total solid
Using the ratiopAr(md)/pAr(d) in the initial target, namely, angle, per unit volume, time, and photon-energy interval, can
1.7, we find for the compressed shefir(md)= 27 mg/cn?. be shown to b&
Coupled with the 92#m thickness found above for the com-
bined mandrel and doped layer we finally obtain- _ -
2.9 g/cn? for the average density of the compressed shell, 05(1016 keV/keV ns /Jm3) =17x107¢ exp(— E/T)
a compression by a factor of ~2.7. Because of the approxima- [pZ/Tl/Z][1+ (25 /T)exp(E /T)]_ (4)
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Here,E; is the ionization energy of € (0.49 keV) andl'is  Combining Egs. (5) and (6) we find a core density of
the temperature in keV. The second term in brackets is the ratigk:1 g/cn®. The areal density corresponding to the FWHM
of free—bound to free—free radiation intensities. We choose iaf the continuum spatial profile is ~#Z mg/cn?.
Eq. (4)E = 4.5 keV (i.e., the continuum underlying tKer
line). The Gaunt correction factors are very close to 1 wheB. Summary of Derived Shot Parameters
E/E; >>1 (hereE/E; = 9.2). The imaging streak camera showed Table 72.1 summarizes the diagnostic results for shot 9095
that the time history of core emission has a FWHM ofanalyzed in this work, and the methods used in their derivation.
~0.25 ns. With the measured core temperature of 1.1 keV, th&®r comparison, the table also lists the corresponding results
time-integrated emissiog is for shot 8207, which was the subject of analysis described in
Ref. 4. The two shots are different in several important respects
but yield comparable results: shot 8207 had a thinner shell
(20 um as compared with 33/4m) and a lower laser energy
(20 kJ as compared with 30 kJ). Also, shot 8207 had a thin
The measured time- and space-integrated emission at 4.5 kéAyer (0.3um) of pure titanium as compared with a thick layer
is ~1x 106 keV/keV, after subtracting the coronal emission (8.7 um) of 0.5%-doped CH. ThKa analysis in this work
(see Fig. 72.9). This value has to be corrected for the attenuaas not applied to shot 8207 becausadbidine was outside
tion through the cold shell. From the shell areal densitthe measured spectral range (see Fig. 4 in Ref. 4). Also, the
measured above we find this attenuation to be by a factor &XAFS analysis of Ref. 4 was not applied to shot 9095 in this
~2.5; thus, the net emission is ~.5016keV/keV. The profile  work because EXAFS data for a doped polymer (rather than a
of the one-dimensional image (Fig. 72.12) can be approxipure metal) is not known. The results given in Table 72.1 show
mated by a Gaussian of FWHM &f= 45 um. Assuming the that spectral data can provide very useful and wide-ranging
core emission is isotropic, the peak emission per unit volumiaformation of target behavior.
can be shown to be related to the volume-integrated emission
through Conclusions

In summary, a diagnostic method is proposed for imaging
the cold, compressed shell of imploding targets using Bigh-
doping and imaging thKa fluorescence. Two-dimensional

£ (101 kev/kev pm?) =1.6x1070p2. (5)

peak emission = 8(In2/7'r)3/2 (total emission/A3). (6)

Table 72.1: Summary of diagnostic results and methods used for shots 8207 and 9095.

K-edge absorption,
absorption lines

Shot 8207 Shot 9095
Core temperature 0.94 keV 1.1keV
Continuum slope Continuum slope
Shell pAr >17 mg/cm? >42 mg/cm?

K-edge absorption

K-edge absorption,
absorption lines

Shell compression ratio 1.4+0.15 2.7+1.3
(o pg) EXAFS Ka spatial profile
Doped-shell temperature range ~10 eV to ~300 eV <40eV

K-edge absorption

Core density 7+2 g/cm3 4+1 g/em3
Core areal density 32+8 mg/cm?2 17+4 mg/cm?
Continuum intensity Continuum intensity
and core size and core size

Mixing

He-a line emission

He-a line emission
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imaging and time gating would greatly enhance the usefulness’-

of the method. However, even one-dimensional, time-inte-

grated images can yield the average outer extent of the cold "

shell around the time of peak compression. An advantage of
one-dimensional, polychromatic imaging is that the spectrum
of the Ka line (including the underlying continuum) can be
measured with high spectral resolution and thekimeemis-

sion can be reliably determined. The present results show that

adequateKa intensity can be obtained with a low level of 10.
doping, which minimizes target-behavior modification. The 11.

Ka emission signature studied in this work should prove very
useful in tracking the improved target performance with im-
proved laser uniformity. Additionally, the measured absolute

intensity of continuum x rays from the core can be reliably used.2.

to estimate its density and areal density.
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