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Sub-keV, Subnanosecond Measurements of X-ray 

Spectra from Laser-produced Plasmas 

Harry N. Kornblum, Louis N. Koppel, Vincent W. Slivinsky, 
Stanley S. Glaros, Harlow G. Ahlstrom, and Jon T. Larsen 

This paper w i l l describe an experiment we have recently inst i tu ted 

on the Argus laser system to measure suo-keV x-ray spectra from laser-

produced plasmas. Three spectral cuts were made in the region of 100 eV 

to 1.5 keV and the measurements were made with a time response of 0.5 

nsec. We have used fast , windowless x-ray diodes in conjunction with 

c r i t i ca l angle ref lect ing mirrors and thin f i l t e r s for energy def in i t ion. 

After describing how the energy response functions are arrived a t , I 

w i l l present comparisons of results with those of other experimental 

techniques and Lasnex calculations. 

Previous to the present experiment, our active x-ray spectral measure

ments consisted primarily of a series of K-edge absorption f i l t e r s used 

with various x-ray detectors, e .g. , Si PIN diodes and Nal-photomultipliers, 

to provide appropriate spectral response functions. This technique 

gives well defined, re la t ive ly narrow spectral cuts for spectra which 

are fa l l i ng suf f ic ient ly rapidly with increasing photon energy. However, 

i f this is not the case, i . e . , i f the x-ray spectrum is re la t ive ly f l a t 

or even r is ing with increasing photon energy, the technique becomes pro

gressively less usable. This is due to the fact that the transmission 

of the f i l t e r begins to increase again immediately after the sudden drop 

at the absorption edge and i f an appreciable amount of spectral 

energy is present when the transmission becomes s ign i f icant , this w i l l 
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contribute to the signal recorded for the channel. Thus, the 
channel data will no longer represent spectral energy found in a narrow 
band below the K-edge of the filter material. This is exactly the case 
when one attempts to measure x-ray spectra from laser produced plasmas 
in the sub-keV region. In order to overcome this difficulty, we have 
employed the critical angle reflection technique which does provide a 
sharp and permanent high energy cutoff. 

The channel that will be described in some detail extends from 300 eV to 
600 eV. The low energy cutoff is provided by a 3/4 ym thick aluminum 
filter, the transmission of which is shown in Figure 1. Thicknesses of 
all of the filters are determined by x-ray calibration. The high energy 
cutoff is provided by reflection from a nickel mirror at 4.4 degrees, as 
shown in the same figure. The measurement was made using a bremsstrahlung 
continuous spectrum from a Henke source recorded by a Kevex windowless, 
solid state detector. The mirrors used were 4 x 4 x 50 mm and were polished 

o 

to 100 A flatness. Briefly, the response displayed here depends on the fact 
that the index of refraction in the mirror is less than one for this photon 
energy range. This implies that for any photon energy, there will be a 
critical angle of incidence for which the sine of the angle of refraction 
will be greater than 1, thus producing total reflection. Conversely, 
for a fixed grazing angle, reflection will be total below the corresponding 
x-ray photon energy and will then fall rapidly to zero above that energy. 
The final element in the system is a windowless x-ray diode with a carbon 
cathode. The detector response is shown in the same figure, as is the com
bined response of all three experimental elements. These detectors were 
calibrated at LLL with the 300 keV proton accelerator, built by Jerry Gaines, 



-3-

using elemental fluorescers as targets. This f a c i l i t y provides intense, 

calibrated monoenergetic x-ray lines from 100 eV to 1 keV. Figure 2 shows 

a plot of response functions for a l l three channels used, which provide 

three broad cuts over the energy range of interest. The poorer high-energy 

cutoff shown for the nominally 100-300 eV channel is due to the fact that 

the ref lect ion technique is not being used here. Instead, this channel 

consists simply of an aluminum cathode windowless x-ray diode looking d i rect ly 
2 

through an 80 ugm/cm formvar f i l t e r . For the remaining channel, covering 

the 800 eV to 1.5 keV range, we use a si l icon mirror at 1.35 degrees, a 

6 vm thick aluminum f i l t e r , and a nickel cathode XRD. One can see in th is 

re.L'.wse function that proper selection of a cathode material can provide 

a somewhat sharper low-energy cutoff than would otherwise be obtained. 

Also shown in Figure 2 is a schematic diagram of the experimental arrange

ment for the mirror channels. Fi l ters and mirrors are located 20-30 cm 

from the source, while detectors are from 1-3 meters away. 

The windowless x-ray diodes used here were bu i l t for us by the las 

Vegas division of EG&G. The anode grid is 802 transmitting and is made of 

33 um diameter nickel wires. The cathode cones are either made wholly out 

of the desired material or are made of aluminum and then plated. The 

cathodes are interchangeable from one unit to another. A posit ive 2 kV 

is applied to the anode grid and the current drawn from the cathode is 

recorded on a Tektronix-R7903 or EG&G-0S40 scope. Although the bandwidth 

of our present recording system is not suf f ic ient to determine the detector 

response, data obtained using a 3 MeV electron pulse from the EG&G Santa 

Barbara Linac on the cathode implies a response of the order of 100 psec. 
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We have used this system to measure x-ray spectra from laser im

ploded glass bal ls . For the example chosen, the Argus laser pro

vided two 260 J , 230 psec pulses impinging on a 147 pm diameter, 1.49 ym 

thick glass ba l l . Results from this shot are shown in Figure 10. Spectra 

obtained from a 2-5 keV bent crystal spectograph and a K-edge f i l t e red 

PIN diode system are also displayed as well as the prediction from a 

LASNEX calculat ion. The experimental results are seen to be in quite 

good agreement. Results from a f l a t Au disk target are also shown. 

The present experiment was designed to provide us with an i n i t i a l 

look at the usefulness of this technique for laser-produced plasma diag

nostics and to point out possible d i f f i cu l t i es in i t s implementation. 

As a next step, we- intend to expand the number of energy defining channels 

to 6-8 and to obtain a time resolution of 150-200 psec by upgrading the 

recording system. 
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Figure Captions 

Transmission of 3/4 \im A-, filter. 
Reflection efficiency of a Ni mirror at a 4.4° grazing angle. 

Combined response of the A' filter and Ni mirror. 
Sensitivity of a C cathode x-ray diode. 
Total response of the 300-600 eV channel. 
Total responses of all experimental channel. 
Schematic diagram of x-ray diode. 
Time response of x-ray diode. 
Schematic diagram of overall experimental arrangement. 
Spectrum measured from glass ball target shot on Argus laser. 
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