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PICOSECOND X-RAY SPECTRAL STUDIES* 
D. T. Attwood and L. W. "oleman 

Lawrence Livermore Laboratory, Univ -sity of California 
Livermore, California ^550 

Abstract 
Temporally and spectrally resolved x-ray emission is an important diagnostic tool for 

the study of target heating and compression Induced by - .b-nanosecond laser pulses. In 
this paper we describe the use of the Livermore 15 psec -ray streak camera to record x-ray 
emissions in the 1-10 keV range. In particular, we report significant progress during the 
past year in defining the camera as a quantitative diagnostic instrument, and its implemen­
tation for multi-channel, time resolved K-edge filter measurements. 

Data will be presented which describe x-ray emission from a laser imploded 87 ym diam­
eter glass shell. Channels centered at 2.6, 4.0 and 5.3 ke"/ provide temporal information 
which we relate to the absorption and compression phases c. laser heating. The relative 
spectral content is fcund to be in agreement with standard, \itne integrated measurements. 

Introduction 
Experiments designed to confirm the concepts of laser ind. »d fusion are under way in a 

number of laboratories. The essential feature of this process > which is to be studied in 
these experiments, is the compression and heating of matter tc thermonuclear conditions. 
(1-3) A typical experiment involves the irradiation of an approximately 100 ym diameter 
glass shell by an approximately 100 psec, terawatt pulse from a neodymiura laser. Because 
of the high densities and temperatures attained, an important aspect of these experiments 
is the observation of temporally and spectrally resolved x-ray emission. Time Integrated 
spectral data has been available from compression experiments for some time^ '. Figure 
1 is an example of time integrated x-ray data showing the spectral range of interest in a 
fusion target implosion experiment. Such data has played an important role in under­
standing preliminary implosion experiments in that they provide a measure of thermal and 
non-thermal processes occurring therein. 
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Figure 1. Time integrated x-ray spectrum from 
a laser compressed target. 
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The need to extend these measurements to appropriate temporal scales has lead to the devel­
opment of picosecond resolution Instruments and techniques. (5-8) j n this paper we dis­
cuss the extension of previous work to time resolved spectral measurements in the 1-10 keV 
range via application oi* our developed x-ray jtreak camera capability. Specifically, 
x-ray emission bands centered at 2.6, 4.0 and 5.3 keV, resolved to 15 psec, are presented. 
These are the first observations of x-ray emission from laser irradiated targets with suf­
ficient temporal resolution to display features associated with heating and compression, 
phases. Such observations provide measures of the implosion time and, indirectly, of the 
average implosion velocity, â -l ds a consequence provide data heretofore unavailable. In 
addition, such data provides further definition of the performance characteristics of the 
x-ray streak camera. 

X-Ray Streak Camera 
The x-ray streak camera, previously described In Reference 5 is shown st-nematically In 

Figure 2. X-rays evicted by the laser irradiated target strike a 100 8 thick gold photo-
cathode evaporatively deposited on an 8 um thick beryllium substrate. The exposed cathode 
area is defined by a 0.1 by 10 mm slit. Slow secondary electrons are emitted by the trans­
mission photocathode, accelerated, and imaged on the output phosphor screen. A properly 
timed ramp voltage sweeps the "silt" of electrons quickly across the phosphor surface; 
trigger Jitter with our avalanche transistor circuit is less than 100 psec. The streak 
speed across the phosphor Is 24 um/psec. The fibre optic coupled image intensifler shown 
in Figure 2 Is used to amplify the phosphor Image to a photographable level. The spatial 
and temporal resolutions of the x-ray streak camera are 130 um and 15 psec, respectively. 

Figure 2. Schematic diagram of the Livermore x-ray atreak camera. 

The spatial value has been determined by backlighting x-ray absorbing metal wires. The 
.emporal value is based on detailed studies of the secondary electron emission spectra from 
our gold photocathode, as measured by Henke et al., *") and presented here In Figure 3» 
_.ie small photoelectron energy dispersion of 4 eV FWHH gives a transit tine dispersion 
v»lue of 12 psec for the fields (3kV/cm at the cathode) and geometry of our streak tube, 

jitional factors ^ 1 0 ' lead to a temporal resolution of 15 psec, as quoted above. The 
.'irect measurement of such short temporal resolution, in the Rayleigh sense, is difficult 
in *-he x-ray case because of the long temporal tails generally encountered. This point 
is.discussed in the literature by Brukhnevitch et al-,^ 6' and by Bradley and his colleagues 
• K We do observe, however, that the experimentally observed fast rising x-ray emissions 
reported herein are consistent with predicted target emission profiles t 1 1 ' and our calcu-
ated temporal resolution. 

In order to record the spectrally resolved x-ray emission from laser irradiated targets, 
we employ a set of simple K-edge absorbers placed over the streak camera silt as shown in 
Figure 4. X-ray filtering materials of aluminum, chlorine, titanium, cobalt, zinc and 
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Figure 3- Secondary electron 
emission spectra from an x-ray 
irradiated U W e V ) gold photo-
cathode. B. L. Itenfce vt. al. 
<Bef. 9) 

Figure t). Silt or x-ray streak 
camera showing overlay or K-edge 
absorption filters. 
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yttrium are used. The K-absorption rdges ire indicated Jr. Figure '-. Except for chiorir.c . 
the filters consist or high purity metal f^lls, typically 2* n M.trx, "he chlorine fllle: 
consists of commercially available polyvlr.ylchlorlde (FVCj. Double thicknesses cV FV» and 
titanium are generally used to provide exposure latitude. Increased recording range§ ar.d ".; check camera linearity In specified spectral ranges, Figure 5 shows, as an exsr.j Ic, t*;e 
spectral region sampled by the chlorine K-cdge filter. This curve 13 obtained Enfolding 
the foil transmission characteristic with 'hi- pnotccathodt- spectral sensitivity li*-'a::d 
with the steeply falling *-ray emission spi-ctruts, as typified 1" Figure ;. The higher 
energy channels are chosen ?o as to sar.ple wide spectral ranges, thus ec-ttpensmlr.g for 
the dual problems of rapidly declining: es-issior. spectrur. and photocathode sensitivity. 
Typical spectral width? for the reealninr .n.innels are ar follows: 1.7 keV centered at 

Figure 5- Spectral response of 
the chlorine filter. 
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of Flares 8 and 9 (explicitly displayed In Figure 9) is chat the late time burst In the 
temporal signatures Is not saturation limited, but rather provides a profile of x-ray 
emission through the entire recording pt-lod. 

Interpretation of X-Hay Temporal signatures 
The Measured x-ray te^oral profiles presented In Figure 8 are readily Identified with 

feneraj features of present day target Irradiation experiments. A3 discussed elsewhere, 
16-19/ these targets are of the "exploding pusher" type In that they are rapidly and uni­

formly heated by a short, untailored optical puis*;, as opposed to the ablatlvely driven 
compressions l™ planned for later experiments with longer pulses and larger targets, in 
these exploding pusher experiments laser energy is absorbed and heats the glass shell 
(pusher) before significant hydrodynanlc expansion takes place. According to numeric:.! 
simulations of this process flltloj, this rapid heatlnr results in an explosion/Implosion 
of the glass pusher In a relatively short acceleration period, followed by ;. period In 
which the glass shell drives the contained fuel Inward at relatively constant velocity, 
reaching a final stagnation near the target center, and finally a post-coroprejslon targe-; 
disassembly. The general features of kllovclt x-ray emission from such a compression 
experiment can be seen lr. Figure 8. In ill three chamv-ls one observes the rapid rise in 
emission associated with shell heating, the plateau region In which laser heating and 
acceleration play a diminishing role, the secondary peak which corresponds to stagnation 
near the target center, and the final decay as the target eventually disassembles. The 
target Implosion time can be estimated rrom Figure 3 with the aid or numerical simulations 
Of this target experiment. (H) The time from the peak cf the laser pulse (estimated to 
occur r.t t • 100 psec In Figure 8) to the implosion peal: gives ar implosion time of ldO 
psec. Using a final target radius as recorded by a time Integrate x-ray microscope U"J, 
an average Implosion velocity of 2 x 20 7 cm/see is deduced. This result is in good agree­
ment with computer calculations of this target experiment d-, 1 0'. A significant spec­
tral feature observed In Figure 8 is the relatively rapid de:ay or emission in the highest 
energy (5.3 keV) channel between the first crest and the final peak. We Interpret this 
spectrally sensitive data as experimental evidence of target cooling during the period ex­
tending from peak laser power to final stagnation. 

Figure 10 shows the spectral behavior at various times in the Implosion process, as 
determined from the dsta of Figure «. The cooling behavior referred to above !s clearly 
evident in the slope of the 200 psec line in thl3 plot. 

Figure 10. Spectral behavior as a 
function of time for the laser heated 
and compressed target. I 

Conclusions 
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The Llvermore untrafast x-ray streak camera has been shown to have a temporal resolution 
of 15 psec and to have advanced to the state ol a diagnostic Instrument useable in a 
quantitative manner to record spectrally resolved x-ray emission. Specifically, temporally 
and spectrally resolved x-ray emissions from laser compressed targets have beer recorded 
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which show general features of the implosion process on a picosecond tine scale. From this 
data we are now able to Infer time resolved temperatures, implosion times, and indirectly, 
implosion velocities for such processes, data previously not available In such a direct 
and simple manner. 
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