Development of X-ray energy filter using total
reflection
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Development of X-ray energy filter using total reflection

Hiroyuki Okamoto, Yasuhiko Hama®, Yuki Kunioka™, Kimihiko Morikawa™*, Kaoru Mizuno™*

Abstract

Beam hardening is a common artifact in computed tomography (CT). That is, sharply
enhanced contour images of a sample are obtained in contrast with images of the central
region. As low-energy X-rays are remarkably attenuated in the sample compared to high-
energy X-rays, the average energy of X-ray transmission increases. Therefore, it is difficult to
quantize the CT image with white X-rays. To resolve this problem, we designed a new type
of filter that can tune any X-ray energy using the total X-ray reflection.

The present investigations were performed in the X-ray diffraction station BL-14B and
20B at the Photon Factory (PF) in the High Energy Accelerator Research Organization (KEK)
in Tsukuba, Japan. The X-ray energy used was tuned to 10 - 24 [keV] with a double crystal
monochromator in the beamline. A polypropylene plate and a glass plate are used as high-
pass and low-pass filters, respectively. Reflectivity is changed according to the angle of the
filter plates. The intensity distribution of X-rays from the filter was varied with the X-ray
energy and setting angle.

We simulated the X-ray intensity distribution under the assumption of a completely flat
filter plate. However, simulation results did not agree with those of experiments. Therefore,
plate roughness was introduced in the previous simulation. The results showed close
agreement with the experimental results. It was confirmed that the plate roughness is an
important factor for determining the X-ray intensity distribution from the filter.
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