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Time-resolved x-ray measurements are essential in the investigation of laser-

driven inertial confinement fusion, where neutron and x-ray emission are the only 

observable signatures of the compressed core conditions. High-speed detectors, available 

for x-ray measurement, provide a means of measuring the rapidly evolving conditions in 

imploding capsules on picosecond time scales. We address a wide range of issues in our 

indirectly driven implosion experiments on Nova, with a large variety of x-ray 

measurement techniques. Critical issues include symmetry of the compressed core, fuel 

density and temperature and hydrodynamic mix at the pusher/fuel interface. 

X-ray imaging, through the use of pinholes and ring apertures, provides 

information on the symmetry of the imploding capsule. These techniques can be applied 

to self emission from the capsule, or x-ray transmission through it from backlighters. 

Imaging systems used in conjunction with gated microchannel plate detectors routinely 

provide <10 fim spatial resolution in the object plane and ~100 ps temporal resolution. 

Pinhole cameras are the most common way of measuring self emission from an 

imploded 1CF capsule. Arrays of pinholes are used in conjunction with gated 

microchannel plate detectors to provide up to 16 separate images at different times 

though the implosion. Coded imaging, however, can produce substantial improvements in 

signal-to-noise ratio (SNR) over pinhole imaging. Experiments comparing ring aperture 
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imaging to pinhole imaging have demonstrated a 20-fold improvement in SNR in good 

agreement with simple theory. [1] 

We have constructed a simple ring-aperture microscope (RAM) for routine use in 

the Nova laser facility.^] The principle component in this device is a 1-mm-diam, 5-nm-

wide annulus fabricated in 9-u.m-thick gold, which is positioned ~4 cm from target 

chamber center. The projected ring image is recorded on a stack of x-ray film with filters, 

providing several energy bands of sensitivity. The recorded images are digitized and 

unfolded using a Wiener-filtered deconvolution. The spatial resolution of this instrument 

has been tested using a resolution target backlit with a laser-driven titanium x-ray source 

(4.7-keV), and found to be <5 jim full width at half maximum. 

Recently, we began testing a time-resolved version of the RAM. This instrument 

is like our gated x-ray pinhole cameras, except the array of pinholes is replaced with a 4 x 

3 array of 5-fim-widc, 250-|nm-diam annuli. The instrument is operated at a magnification 

of ~H), providing a spatial resolution of 5 |im. A sequence of five coded images and their 

unfolds, from a directly driven implosion of a deuterium-filled glass capsule at the 

University of Rochester's Omega laser facility, is shown in Fig. 1. The sequence shows an 

initial diffuse glow from the partially imploded glass shell, followed by core emission. 

The core diameter is approximately 20 jim, and the constant-intensity contours exhibit 

/ = 3 or 5 asymmetries that appear to be well correlated with the laser-beam illumination 

pattern. The core is beginning to disassemble in the final image. 

X-ray measurements are also crucial in inferring conditions in the compressed 

fuel.l^lKI By doping the deuterium fuel with Ar (0.1 atomic %), we measure K-shell 

emission in the 3 - 4 keV spectral region, inferring the time-dependent fuel density, from 

measurements of the Stark-broadened emission line profiles, and the electron 

temperature, from line ratios. Spectroscopic measurements are made using two streaked 

crystal spectrometers with resolving powers (k/AX) in the range of 500 - 3000 and ~35 ps 

temporal resolution. [5] Typical measured line shapes of the He-P line (n = 3-1), for two 
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different laser pulse shapes, are shown in Fig. 2. The inferred electron densities are 

l.Ox 1024 cm~3 for capsules driven with a 1 -ns square drive (19 kJ of laser light at 3CD) 

and 2.0 x 10^4 cm~3.for those driven by shaped laser pulses (a low foot followed by a 

peak with 3:1 contrast). The shaped drive results in higher fuel densities due to the lower 

entropy in the fuel. Fuel electron temperatures, which are inferred from the Ly-(3 to He-P 

ratio, for the shaped and unshaped drives, are 1,0 and 1.2 keV, respectively. We also use 

spectroscopic techniques to study hydrodynamic mix at the pusher fuel interface. 

Capsules with intentionally rough surface finishes show enhanced emission from pusher 

dopants (CI and Fe) when the doped pusher material mixes into the hot fuel. 

Future high-performance targets, that utilize more extreme laser-pulse shaping, 

have increased pusher opacity, forcing us to study the emission from higher-Z elements, 

whose spectroscopic features appear at higher photon energy. In preparation for these 

conditions, we have studied L-shell (n = 3-2) emission from DD filled capsules doped 

with Xe (0.02 % atomic), in the 5-6 keV spectral region. In Fig. 3, we show Xe spectra 

from an experimental series where the fuel electron temperature was varied by varying 

the radiation drive. These two spectra were obtained from implosions driven by 28 kJ 

("High drive") and 19 kJ ("Medium drive"), respectively, of 0.35-um laser light in a 1-ns 

duration square pulse, incident into the hohlraum. We observed clear differences in the 

spectra, showing increased F-like emission for the high-drive case. Measurements of the 

ionization balance, though not as precise as the line ratio technique used for the Ar 

spectra, will serve to specify a range of temperatures of the fueli"J Measurements of fuel 

density from via line broadening will be difficult until high densities are achieved (>30 

g/cirP), because of the relatively small pressure broadened widths (<10 eV for the 4d-2p 

line) at lower densities. Electron impact broadening dominates Stark broadening of the 

Xe 4-2 lines; the role of ion impact broadening may be significant, and is under 

investigation. 

"This work was performed under the auspices of the U.S. Department of ' 
Energy by Lawrence Livcrmorc National Laboratory under contract No. W-7405-ENG-48. 
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Figure Captions 
Figure 1. A sequence of five coded images (a) and their unfolds (b) generated by the 

gated RAM. The temporal interframe spacing is approximately 60 ps. Enlargements of 

the two peak-emission core images (c) show asymmetries in the cors shape. 

Figure 2. (a) He-P line profile for 1-ns and (b) 3:1 contrast pulse-shaped drive showing 

increased broadening due to higher peak fuel densities. Measured line profiles are shown 

as solid lines while calculated line profiles are dashed lines. Calculations assume ne = 

1.2 x 10 2 4 cm" 3 , T e=1.2 keV for the 1-ns drive and ne = 2.0 x 10 2 4 era ' 3 , T e=1.0 keV for 

the shaped drive, and include the effect of .satellites of the type ls2131' - ls^H and ls3131' 

- ls 231. 

Figure 3. Xe spectra from an indirectly driven capsule at (a) "high" and (b) "medium" 

drive conditions. 
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