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Evaluation of sample size dependence on minimum detectable refraction angle
in X-ray diffraction-enhanced imaging

Hiroyuki Okamoto, Akane Fujimori”, Kimihiko Morikawa?, Kaoru Mizuno?’

Abstract

We evaluated the sample size dependence on minimum detectable refraction angle
in X-ray diffraction-enhanced imaging (DEI). The sample consisted of an acrylic plate
measuring 2 X 10 X 30 mm® with rotation axis parallel to the long edge soaked in an
aqueous solution of sucrose or glycerin. The relative refractive index between the acrylic
sample and aqueous solution changed with concentration of the solution. The refraction
angle occurring at the edge of the acrylic plate was controlled by the rotation angle of the
sample. The apparent size of the edge seen from the X-ray transmission direction varied
with rotation angle. Therefore, changing the concentration of the aqueous solution and
the rotation angle of the plate affected both the apparent size of the sample edge and the
X-ray refraction angle. Utilizing these phenomena, the minimum detectable size of the
sample edge and refraction angle were determined from the observable weakest contrast of
the edge image. In the present study, the minimum sample size vs. the minimum detectable
refraction angle curve for 31 keV X-ray was determined using a DEI system constructed in a
vertical wiggler beamline (the BL-14B beamline) at the Japanese KEK-PF synchrotron facility.
In the DEI apparatus used in this experiment, a refraction angle > 0.01 prad was necessary
for detection of specimens > 0.1 mm. On the other hand, to observe specimens < (.1 mm,
a larger refraction angle was necessary. The sample size vs. detectable refraction angle
curves were similarly obtained when different aqueous solutions were used.



