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ABSTRACT

For inertial confinement fusion plasma diagnostics, x-ray dicde (XRD)
detectors using conventional cathodes are not sensitive enough to measure
x-rays above ~J.5 keV. Hawever, for laser driver fusien targets, x-rays in
the range of 2-5 keV are important because of their mobility in the target.
We have successfuily used fluor-microchannel plate (MCP) detectoers to obtain
absolute x-ray measurements in the 2-5 keV range. Recent data obtained from
experiments on the Shiva laser System are presented. In addition, designs for
a variety of channels in the range using fluor-MCP and CsI-XRD's above 1.5 keV

will be discussed.

DISCLAIMER

*Work performed under the auspices of the U. S. Department of Energy by
Lawrence Livermore National Laboratory under contract #W-7405-Eng-48,
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For the past four years, we have routinely measured soft x-ray emissions
from laser target interactions by using the filtered XRD systems.] From the
measured soft x-ray spectra, we have been able to provide a data base for
LASNEX2 calculations, to further our understanding in thermal electron con-
duction and transport phenomena,3 and to obtain conversion efficiency.4
On the other hand, the hard x-ray spectra have been monitored by FFLEX,S’6 a
diagnostics system, which utilizes the filter-fluorescer technique,

fue to x-ray fluence levels and sensitivities of XRD detectors using con-
ventional cathodes (e.a. AR, Cr, and Ni), conventional XRD systems are not
sensitive enough above *1.5 keV. On the ather hand, due to the rapidly
decreasing flugrescence yield with decreasing atomic number, FFLEX is diffi-
cult to use below “o keV.

Tae x-rays in the 2-5 keV range are nevertheless impartant.7 Recent

8,

wavelength scaling laser-target experiments show that the hard x-ray
fluence decreases rdramatically and the soft {sub-keV) x-ray fluence incraases
with decreasing laser wavelength. This means that x-rays in the range of
2-5 keV would most probably also increase. This result indicates that for
future experiments usina frequency doubled or tripled 1ight, x-rays in the
range of 2-5 keV would become more important. This fact justifies the
measurement of x-rays in the 2-5 keV range,

Because of the rapidly falling x-ray spectrum at energies above 1.5 keV,

more sensitive detectors are required. Two such candidates are the CsI-

cathode XRD and the fluor-microchannel plate. Figure 1 compares the
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calibrated x-ray detector sensitivities of a thin fluor-microchannel p]ate,*

a 0.3 um thick Csl-cathode and a conventional AR-cathode. In the 2-5 keV
region, a CsI-XRD is almost two orders of magnitude more sensitive than a
solid AL-XRD [other metallic cathodes such as Ni and Cr all have =ensitivities
of the same order as that of A}, while a thin fluor coupled to a microchannel
plate is three orders of magnitude more sensitive than an AR-KRD. This means
that both the fluor-MCP and the CsI-¥RD are potentially capable of neasuring
x-rays in the 2-5 keV range from laser target inferactions.

Cesium-iodide is a hygroscopic material and unless hermeticaliy sealed,
its sensitivity changes with time; the long term stability of Csl-cathode
sensitivity, nhowever, needs further investigation.

Examples of the design of different x-ray detector channels at inter-
mediate energies (1.5 to 5 keV) are listed in Table I. Using various x-ray
diodes with different filters, we can obtain diferent channel coverages and
channel widths. The objective of the present design is to oEtain a total
signal level avove the oscilloscope detection threshold { >20 mV at Shiva),
but at the same time maximize the fraction of signal below the filter K-edge.

As an example, we Show the details of design for a relatively broad
channel centered at around 3.5 keV. Figure 2 shows the transmission of a

14,15 um thick titanium foil; the theoretical transmission curve agrees very

*The MCP detector consists of a 36 um thick NEVI1 plastic scintillator, a 3 mm
thick corning 754 glass blue 1ight filter, an 8 mm thick Pb-glass x-ray filter
sandwiched together and coupled to a one-stage ITT 4126 MCP photomuitiplier
with an 5-1 photocathode. The fluor-MCP assembly is housed in an arrangement
that effectively reduces stray light to less than 10-6 by differentially
pumping around the filter using an effective light baffle.
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well with calibration data. Folding this transmission curve with the
calibrated fluor-MCP sensitivity (shown in Fig, 1), we obtain the channel

response, this is shown in Figure 3. Note that the haif-width is~ 2 keV,

which cavers the energy range from above 2 keV to 5 keV, Figure & shows the
channel response folded with a trial spectrum (estimated from earlier x-ray
data of Au-disk shots). Integrating the fold with respect to x-ray energy, we
obtain the channel center enerqy defined as the 50%-point of the running
integral as shown in Fiqure 5. In the present case, for the (i) energy
1/2-value, (i1) the fraction of total signal below the filter K-edge, and
(111} the total detector charge, we oblain from Figure 5 the values |
(1) 3.3 keV, (i) 99.3% and (iii) 8.4 x 107 pC which corresponds to :

6.38 V-ns for this channel. %

The above channel was installed on the Shiva 9-channel filtered XRD
H-system and used to measure x-rav emission from laser-target interactions.
Figures 6 and 7 show the results obtained from a 3,8 kd/4.7 ns FWHM Au-disk
shot. The tacget, 1.5 mm in diameter and 25 v thick, was irradiated with
1.06 un 1iaht at an intensity of 1 x 10M w/cmz; the focal spot was 1 mm
in diameter, The disk was tilted so that its normal made an angle of 30°
with respect ta the irradiation axis. The H-system viewed the target at an

anale of 66° with respect to the disk normal. In both Figures & and 7, the

tneoretically computed spectralo are normalized to the measured spectrum at
800 ev.

In Figure 6, the spectral data are compared to a theoretical spectrum
calculated by usina non-LTE ionization physics and inhibited eleciron thermal
conductivity. Below 1.5 keV, the experimental data match the numerical
simulation quite well, but at 3.5 keV, the experimental value is a factor of

2.5 higher than the theorstically computed value,

e
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In Figure 7, the spectral data are compared to a thegretical spectrum
calculated by using non-LTE ionization physics but classical conductivity;
this impraves the fit to data at 3.5 keV, but worsens the fit at energies
below 1.5 keV, The measured value at 3.5 keV is larger than computed values
in either case. The reason for this discrepancy is not presently clear.

Based on the success of the 3.5 “aV channel, other channaels at ~ 1.5 keV
and v 2 keY, (refer to Table 1) will be incorporated into the filtered-XRD
system in order to cover the region just below and at the snergy where gold
M-lines occur, allowina for better comparisons of thepretical calculations

with more complete spectral data.

INSCTAINER

This document was prepared as an account of woek sponsored by an agency of
the b nited States Gonernment. cither the U nited States Government nor the
Unisersity of California aor am of thels employees, makes any wacranty, ex-
press ue imglivd, or assumtes ans fepal liubilits ar respopsibilits for the ac-
curaey, completeness, or usefulness of any information, apparatus. product, or
pracess disclosed, or represents (hat its use would not infringe privacely owned
riphts. Referetee herein to any specific commercial products, process, os service
by trade name, trademark, manufacturer, of othe-wise, does oot necessanly
constitute oe impls its cadorsement, recommendation, of Tavoring by the United
States Government or the 1 oivensity of California. The views and opinions of
authars pspressed herein do aot aecessarily state or refect thase of the U niced
States Gosernmient therenf, wnd shall not be used for adversising o produes on-
dorsement purpuves.,



COMPARISON OF DETECTOR SENSITIVITIES USING
NE111-MCP, Csl-CATHODE AND AL-CATHODE XRD.
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DESIGN OF X-RAY DETECTOR CHANNELS AT INTERMEDIATE

ENERGIES (1.5 TO 5 keV)

Channel characteristics

Filter {folded with trial spectrum)
Channel Channel Fraction of Total signal
K-edge Thickness center width signal below charge
Detector Material (keV) (2m) (keV) (keV) filter K-edge {V-ns)
CsI-XRD Al 1.56 25 1.43 0.2 88 % 0.73
Csi-XRD Zr 2.2 5 1.93 0.49 87 % 0.52
MCP o
(36 um NEIII) Zr 2.2 4 1.97 0.50 90 % 12.4
MCP .
. 14 3. 1.73 99.3% .38
(36 um NELI) Ti 4.96 3 o 6
MCP ) o
(36 um NEIH) Ti 4.96 50 4.28 1.37 99.9% 0.27

20-50-0981-2565

Table 1
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TRANSMISSION OF A 14.15 um THICK TITANIUM FOIL
(SOLID POINTS ARE CALIBRATION DATA)
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CHANNEL RESPONSE OBTAINED BY FOLDING
14.15 um-THICK TITANIUM FILTER WITH CALIBRATED

FLUOR-MCP SENSITIVITY
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CHANNEL RESPONSE FOLDED WITH TRIAL SHIVA

AU-DISK SPECTRUM
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RUNNING INTEGRAL OF CHANNEL SIGNAL GIVES
CHANNEL CENTER, FRACTICN OF TOTAL SIGNAL
BELOW FILTER K-EDGE AND TOTAL SIGNAL LEVEL
(8.4 X 107 pC = 6.38 V-ns)
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LOW ENERGY X-RAY SPECTRUM OF GOLD-DISK (1.5 mm

DIA., 25 um THICK). LASER CONDIT!ON: 1.06 um,
3.8 kJ/4.7 ns FWHM, 1 X 101 Ww/cm?2, 1 mm SPOT.
THEORETICAL SPECTRUM CALCULATED FROM
NON-LTE CASE WITH TRANSPORT INHIBITION.
SPECTRUM NORMALIZED AT PEAK AT 800 eV.

Joules/keV into 47
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LOW ENERGY X-RAY SPECTRUM OF GOLD-DISK (1.5 mm
DIA., 25 um THICK). LASER CONDITION: 1.06 um,

3.8 kJ/4.7 ns FWHM, 1 X 1014 W/em2, 1 mm SPOT.
THEORETICAL SPECTRUM CALCULATED FROM
NMON-LTE CASE USING CLASSICAL CONDUCTIVITY.
SPECTRUM NORMALIZED AT PEAK AT 800 eV.
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