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Abstract

A 22x Wolter microscope was calibrated after several months of operation in the Lawrence Livermore National Laboratory (LLNL) Inertial
Confinement Fusion program. Placing a point x-ray source at the microscope focus, I recorded the image plane spectrum, as well as the direct spec-
trum, and from the ratio of these two spectra derived an accurate estimate of the microscope solid angle in the 1-4 keV range. The solid angle was
also caleulated using the microscope geometry and P Comparison of this calculated value with the solid angle that was actually mea-
sured suggests contamination of the microscope surface.

Introduction

Axisymmetric hyperboloid-ellipsoid x-ray microscopes have been used in laser fusion programs to provide high spatial resolution in the micron
range with a relatively large solid angle.'? Aside from alig issues, characterization of such a mi pe entails (at the very least) spatial resa-

lution and effective solid angle determination. A simple method for determining the effective micrascope solid angle is here applied to the 22 x
Wolter microscope that has been used in the LLNL Inertial Confinement Fusion program.

Measurement principle

In principle, the micrascope salid angle may be related to a simple ratio of incident to focal plane flux. The refation is derived as follows. Can-
sider a source specirum S{E) extending beyond the high-enesgy cutoff in the microscope response. The transmission of all filters used in the experi-
mental setup is given by 5(E), the microscope solid angle by £, its reflectivity by R(E), and the detector response by ¢(E). The incident flux mea-
sured at energy E is then given by

D(E) = JS(x)n(x)((E - x) dx )
provided that the detector response is normalized. The spatial integral of the flux at the microscope’s focal plane is
F(E) = JS(x)l](x)ﬂ,u(x)((E - x) dx ()]

where Q,(x) = £ - R(E) is the effective microscope solid angle.

One of two conditions must be met if Q4 is to be related to a simple ratio of fluxes. First, if £, in Eq. (2) varies little over the range where ¢
is significant (i.c., over the energy range of the detector resalution), it can be brought outside the integral to give

KE)
E 3
Qi (E) =~ DE 3)
Al ively, if £2,4 varies sut ially over the range where € is significant, and S - 5 varies slowly over the same region, then
LOW . y
B2 = [ 00E - - @

1t tums out that one or the other of these two conditions is in fact met for measurements madc in the 1-4 keV range discussed below. Thus, the ra-
tio F(E)/D(E) approximates the average value of £,(E) over the energy range of the detector resolution.

Mecasurement technigne

Figure 1 shows the physical setup for the solid-angle measurements. Dmng normal operatmn a pre ﬁller is placed in front of the electroless
nickel microscope to protet it from target debris. In order to match these op ap is installed for the calibration as well.
The source is positioned 291.5 mm in front vs the microscope.

The x-ray source illuminatig the microscope must be sufficiently small to fit within the instrument’s field of view. it must also produce x-rays
over the energy range of interest. The jow-cnergy limit is set at about 1 keV by the pre-filter transmission, while the high-erergy limit is about
4 keV. This is the level at which reflectivity b gligible for the el less nickel.

The point source Jescribed in Price, Boyle, and Glaros meets these requirements.? It consists of a si b! fil and a needle
that is operated at several kV. With a focal plane image that is roughly 400 ¢t in diameter, the source size is deduced to be about 20 . A sketch of
the x-ray source is shown in Figure 2.
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Figure 1. The experimental setup for solid-angle measurements.
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Figure 2 X-ray point source assembly (after Price, Boyle, and
Clams’). Since the focal plane image measured 400 g in diame-
ter, the source size is deduced to be roughly 20 u.



A Si(Li) detector is used to measure the x-ray source spectrum D{E). This spectrum (shown in Figure 3) is relatively flat in the 1-4 keV range
except for the tungstrn M line at 1.77 keV. The full width half maximum detector resolution at the line energy is 150 eV. Fortunately, for two re-
flections at the 1 deg angle used in the microscop2, the calculated reflectivity of electrless nickel varies slowly between 1.5 and 2 keV (Figure 4).

flectivity is using the position of the microscope material (87% nickel by weight with the balance phosphorus at an overall density
of 7.9 g/an®) and tabulated constants.*

The focal plane spedmm KE)is dxsplayed in Figure 5, and some experimental parameters are listed in Table 1. Energy calibration of the muiti-

channel anal d from the d position of the tungsten M line, and the position of the Fe Ka line was obtained during a calibra-
tion run.
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Figure 3. Source spectrum D{E) incident upon the microscope. Figure 4. Reflectivity of electroless nickel for two reflections at
Parameters of the Si(Li) detector system 2re listed in Table I, 1 deg,. calculated using the data supplied in Referenice 4.

under the heading “Instrument Settings.”
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Figure 5. Focal plane spectrum K(E). Detector system param-
eters are listed in Table 1 under the heading, lnslmmrnl
Settings.”



Table 1. Calibration Parameters

Source

Instrument Settings

Needle: 6 deg cone angle
Filament: 1 turn, 20 mils ID
Needle tip to base front: 1 mm

Kevex Si(Li)
Detector bias: 500 V
Preamp: gain X4, fine gain 0.6 shaping 6

Spot size in microscope image plane: 0.4-mm diameter
SCA:0.235-10V
ND575: Conv. gain 8K

Direct Spectrum Focal Plane Spectrum
Source settings: 6kV, 230 nA 6kV, 150 nA
SCA count rate: 470 cts/s 530 cis/s
Live time: 6000 s/unit 6000 sfunit

{5 units acquired) {5 units acquired)
Aperiure diameter: 1.27 mm 1.27 mm
Source tip to detector aperture: 163.2 mm

Results

The ratio F(E)/D(E) as it appears in Figure 6 is a good estimate of §,,,(E}. The fact that fluctuations in the data are due to count rate statistics is
evident by their smaller amplitude in the 1.6- to 1.9-keV range whese the W-line x-rays are hinned. The continuity of the curve aves the W-line re-
gion is an indication of the stability in the expesimental conditions achieced during the measurements.

Itisi ing to pare the d effective solid angle (Figure 6) with the calculated values [Q,; = @ - R{x)] displayed in Figure 1.
Agl between the d a2nd calculated values is improved slightly by convolving the calculated solid angle swith the detector recolution.
The resolution is taken to be Caussian with the standard deviation being a constant fraction of the enargy. Its value was fitted from the W-line data
in the direct spectrum shown in Figure 3.

The convolved calculated solid angle is shown in Figure 7, and the ratio of measured to calculated solid angles is given in Figure 8. A smail
number of pulses pile up at twice the tungsten M line energy, affecting the ratio above 3.4 keV. A trend is evident in the data, one that reveals the
ratio as a monatonically decreasing function of cnergy.

The near urity ratio at 1 keV is an indication of the smoothness of the microscope surface, since roughness produces large angle scattering, and
this scattering removes encrgy from the integrated spectrum at the focal plane. As one moves to higher energies the ratio steadily decreases, drop-
ping below 0.2 at 3.4 keV. This behavior suggests that the microscope has heen i d before calibration, during its months of use on the
Shiva laser at LLNL. An oil film or any other organic residue admixed to the microscope surface could produce the type of enecgy dependence seen
in the ratio. Another possible reason for the Jowered ra(m would be small-scale surface roug.‘mess, but comparison of the data reported here with

cruder measurements performed prior to microscope installation favor the ination hypoth
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Figure 6. The ratio of F{E)/D{E) provides a good estimate of
the effective microscope solid angle.

Figure 7. Caleulated effective microscope solid angle using the
micaoscope geomelry and the elechroless nickel reflectivity. The
solid angle has been convolved with the detector msoluhon to
give better ag with the d values displayed in
Figure 6.
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Figure 8. Ratio of measured to calculated effective microscope
solid angles.

Conclusion

The fairly straightfonward measurements of spectra incident upon the microscope and at its focal plane have yivlded a reasonable estimate of
the microscope solid angle over its useful energy range. The meosured solid angle js close to that calculated near ] keV, and derreases to only 1wo
tenths of the value calculated at 3.4 keV, This energy dependence was most likely caused by contaminatien of the microscope surface.
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