X-rays, microscopy, and rock and roll
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A prototype full-field Hard X-ray Microscope (HXRM) has been constructed for the study of
polycrystalline materials at ESRF ID06 [1]. Inspired by transmission electron microscopy, the
instrument has been designed to perform dark-field imaging of individual grains using Bragg
diffracted beams. A stack of beryllium compound refractive lenses is used in the diffracted
beam to project a real-space image onto a camera positioned several meters downstream. Due
to its limited field of view and angular acceptance, the lens effectively isolates the diffracting
grain in real and reciprocal space. By coupling this X-ray optical system to a high-precision
goniometer, the orientation of individual grains and variations within the grain can be imaged
with a 100 nm real space resolution and 10 mrad angular resolution [2]. Strain within a grain
can be measured with a resolution of 10-5. Projections can be recorded in one second, and
maps of strain or mosaicity can be recorded in a few hours. The instrument is applicable to a
wide range of scientific fields, and has already been used for studies related to metal
processing, semiconductors, and energy applications.
The instrument’s capabilities will be illustrated with a case study of a biomineral structure.
Otoliths (“ear stones”) are aragonite concretions in the inner ear of vertebrates [3]. We
present a new perspective from bulk analyses of crystalline bundles, revealing the relative
orientations of the prismatic crystals as well as internal variations in orientation and strain.

Figure 1. A dark-field image of an aragonite fibre from a fish otolith shows its growth from left to right in
sequential layers, each composed of multiple crystalline units.
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