. ANL[XFo[eP 10]m94

X-ray speckle contrast variation at sample-specific
absorption edges ’%\

<z Q
Cornelia C. Retsch, Yuxin Wang, Sean P. Frigo, G. Brian Stephenson, Ian McNulty % (“
Argonne National Laboratory @ o ',

9700 South Cass Avenue

Argonne, 11 60439 t‘?A % A&
retsch@aps.anl.gov % 6

Abstract: We measured static x-ray speckle contrast variation with the incident photon energy
across sample-specific absorption edges. We propose that the variation depends strongly on the
spectral response function of the monochromator.
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1. Introduction

Speckle techniques have been introduced to the x-ray regime during recent years fe.g., 1-3]. Most of these
experiments, however, were done at photon energies above 5 keV. We are working on this technique in the 1 to 4
keV range, an energy range that includes many important x-ray absorption edges, e.g., in Al, Si, P, S, the rare-earths,
and others. To our knowledge, the effect of absorption edges on speckle contrast has not yet been studied. In this
paper, we present our initial measurements and understanding of the observed phenomena.

2. Theory

For analyzing speckle patterns, a very useful tool is the normalized, baseline-subtracted intensity autocorrelation
function [4]. In the nonmonochromatic case, this function depends on the monochromator spectral response
function, as well as the intensity (/(k)) in the speckle pattern at wave number k, averaged over the position in the
detector plane, and the mutual intensity function of the system. The width of this function describes the average
width of a speckle, and its height is a good measure of the contrast in the speckie pattern. The contrast can depend
strongly on the monochromaticity of the sample illumination [5].

If (J(k)) does not vary significantly over the width of the spectral response function, it can be treated as a
constant factor [4]. The intensity autocorrelation function can then be solved analytically for a Gaussian spectral
response function [4,5]. This solution does not account for any effects of an absorption edge on the contrast.

3. Experimental Results

We measured the variation in speckle contrast at two sample-specific absorption edges at the SRI-CAT beamline
2-ID-B [6,7] at the Advanced Photon Source. The two different samples we used were aluminum and zinc powder
(Al K-edge: ~ 1.56 keV; Zn L-edge: ~ 1.02 keV). The aluminum powder consisted of 1 to 3 um-sized grains, the
zinc powder consisted of submicrometer-sized grains. The experimental setup is shown in Figure 1.

The disqrdered powder samples were illuminated with a nearly coherent x-ray beam of 5-um diameter selected
by a pinhole. The degree of coherence was higher than 90%. A guard slit in front of the sample blocked parasitic
scattering from the pinhole. The speckle patterns were recorded with a directly backside-illuminated charge-coupled
device camera at 500 mm distance from the samples as the incident photon energy was varied across the absorption
edges. Examples of the recorded speckle patterns below the edge and right at the edge are shown in Figure 2. The
size of the shown area extends in reciprocal space (g-space) from ~1.0x1 03 A to ~10.4x10° A in the horizontal
and from ~-4.7x10 A to ~4.7x10° A" in the vertical direction, which corresponds to length scales in the sample
of the order of 0.6 um to 6 pm.
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Fig. 1. Experimental setup.
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Fig. 2. Speckle patterns from the aluminum powder sample below the absorption edge (left) and at the absorption edge
(right). The area shown is a square of 9.4x107 A lengths in g-space.

We retrieved the speckle contrast from the data by calculating the normalized and background-subtracted
intensity autocorrelation function of the speckle pattern. The values at different positions in g-space between
g=1x10 A? and g=5.5x10> A were averaged to show the overall trend of the behavior; any g-dependence is
reflected in the error bars. Figure 3 shows the results. The measured contrast decreases at the absorption edge and

slowly increases towards its previous level afterwards. This effect is not due to the overall loss in intensity at the
edge as the measured intensity has been normalized prior to contrast analysis,
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Fig. 3. Speckle contrast across the sample-specific absorption edge for aluminum (left) and zinc (right) powder samples.
The symbols are the measured data, averaged over g. All g-dependence is included in the error bars.




As an indication as to where the absorption edges occurred in our measurements, we measured absorption
spectra with the same sample and same monochromaticity settings (Figure 4). They were recorded with an
avalanche photodiode located directly behind the powder samples. The investigated sample areas differed slightly
from the ones probed in the speckle patterns. Still, these data show the resolution and performance of the instrument
during the speckle experiments.
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Fig. 4. Absorption spectra taken with the same samples: aluminum powder (left) and zinc powder (right).

4. Conclusions

We found a significant speckle contrast variation across the K and L absorption edges in powdered aluminum and
zinc samples, contrary to common predictions [4,5]. The contrast is decreased at the absorption edge, implying the
assumption that {I(k)) does not vary significantly over the width of the spectral response function is no longer valid
near an absorption edge. We therefore expect that the shape of this variation strongly depends on the
monochromator spectral response function and the spatially averaged intensity transmitted by the sample. Our
analysis of these contributions to the observed effects is in progress.
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