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Figure 1. Schematic view of the X-ray CCD detector.

Table 1. Evaluation of phosphor screens. D, FWHM, 7,,, and 61 indicate the thickness, the spatial resolution, the conversion gain, and
non-uniformity of response, respectively
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Table 2. Components and performance characteristics of the X-
ray CCD detector

a: FWHM of LSF at 7.709 keV.

b: for 8 keV X-rays with magnifying optical lens (x2.5).
°: at 540 nm.

4: at —50°C.
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Figure 2. Experimental setup of the high-spatial-resolution X-ray
CCD detector with one dimensional X-ray magnifier. The energy of
the incident beam was tuned at 7.709 keV with a double-crystal
Si(111) monochromator. The X-ray beam transmitted by the sam-
ple is vertically expanded by an asymmetrically-cut first crystal. The
X-ray beam reflected back by a symmetrically-cut second crystal is
incident on the X-ray CCD camera. The X-ray CCD camera is con-
trolled by a personal computer via a serial data link. This imaging
system can be extended to two-dimensional imaging system by plac-
ing another set of asymmetrically-cut crystal perpendicularly.

Figure 3. Images of nickel meshes with 20 um spacing taken with
the X-ray CCD camera with the one-dimensional X-ray magnifica-
tion. The magnification factors of the X-ray magnifier are (a)
x 1.0, (b) x6.3, and (c) x23.4.
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Figure 4. Fresnel-diffraction image at the knife-edge with a mag-
nification factor of x 12.8.
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Figure 5. The measured (open circles) and calculated (solid line)
intensity profile across the knife-edge. The measured intensity
profile was obtained along the white line in the Fresnel-diffraction
image.

10587 o ©  measured data (E = 7.709 keV)

g ) . O measured data (E = 8.232 keV)
8 9 e 1ol q
TN data
= LN ———————
i}
g Tk
2 6 RPN S I S
= :
o b e BB S
,’g? M = o
= 5y
E S
& 2pr S
g Py
0 H

1 10
magnification factor

Figure 6. The measured spatial resolution in terms of full width at
half-maximum (FWHM) of line spread function (LSF) achieved
with the X-ray CCD detector with the one-dimensional X-ray mag-
nification together with calculated curves. The solid line includes the
effects of the blurring due to the extinction distance in crystal and de-
lete the distance from the sample to the asymmetric crystal (70 mm).

Figure 7. X-ray image of nickel meshes with 20 ym spacing taken
with the X-ray CCD camera with two-dimensional X-ray magnifica-
tion. The magnification factors are X 6.3 in the horizontal direction,
and x 7.1 in the vertical direction.
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Experimental setup for imaging due to X-ray dichroism. MP, silicon 4 2 2 monochromating polarizer; PR,

and PR,, first and second diamond 1 1 1 phase retarders; PD,, PIN photo-diode monitoring X-rays reflected by the first
phase retarder; PD,, PIN photo-diode monitoring X-rays reflected by the second phase retarder; IC, ionization chamber

monitoring X-rays incident to the sample; S, sample.
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Figure 9. X-ray linear dichroism (XLD) spectrum of a hcp cobalt
single crystal with its absorption spectrum, which was measured
with the quadruple X-ray phase retarders.
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Figure 10. Arrangement of three pieces of the hcp cobalt single
crystals in the CCD field of view. Directions of c-axes are indicated
by arrows.
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Figure 11. Image with contrasts due to non-uniformity of the sam-
ple thickness at an X-ray energy of 7732 eV (23 eV above the cobalt
K-edge) . The numerals marked in the image indicate the thicknesses
of respective positions.
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Figure 12. Images due to X-ray linear dichroism (XLD) taken at
23 eV (a), and 29 eV (b) above the cobalt K-edge after the correc-
tion with non-uniformity of the sample thickness.
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Figure 13. X-ray linear dichroism (XLD) profiles along the line in
Fig. 12(a). (a) without a binning, (b) with a 10 x 10 binning.
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Figure 14. X-ray magnetic circular dichroism (MCD) spectra
(solid line and dashed line) in hcp cobalt poly-crystals with the ab-
sorption spectrum (dotted line), which were measured by the X-ray
polarimeter. These spectra were recorded with opposite magnetic
fields, parallel (solid line) and anti-parallel (dashed line) to the pho-
ton spin direction.
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Figure 15. Plan view of the arrangement around the sample. The

photon spin direction of circular polarization and the magnetization
direction were paralle] in one area while anti-parallel in another
area.
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Figure 16.

(b)

Images due to X-ray magnetic circular dichroism (MCD) taken at 10 eV ((a), (b)) and 32 eV (c) above the
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K-absorption edge (7709 eV) after the correction with the non-uniformity of the sample thickness.
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