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Summary: Tensorial tomographic investigations can be performed with X-ray based methods such as small
angle X-ray scattering and grating interferometry. Both methods are limited either by complex acquisition
schemes or limited sample size. Here we present the implementation of X-ray tensor tomography based on
circular unit cell gratings, allowing to reduce the experimental complexity by removing one degree of freedom.

1. INTRODUCTION

Tensor tomography extends the concept of conventional X-ray tomography by reconstructing not only a scalar
value such as the attenuation coefficient per voxel, but also a set of parameters that capture the local anisotropy
of (nano)microstructures within every voxel of the sample. This is achieved by utilising scattering information.
Currently, two approaches exist. One based on conventional small angle X-ray scattering [1] and one based
on the dark-field signal form grating interferometry [2]. Both methods have inherit limitations, regarding the
complexity and speed of the acquisition protocol. In the case of small angle X-ray scattering, two rotation axes
are necessary in combination with raster scanning of the sample, therefore the investigation of larger samples
is time consuming. On the other hand, grating interferometry which is a full field imaging method does not
require sample scanning, but due to the scattering sensitivity which is limited to only one direction, rotation of
the sample or the interferometer is required, again resulting in prolonged experimental times.

To overcome these limitations we propose the utilisation of a recently developed variant of grating inter-
ferometry based on circular unit cell gratings [3]. The circular unit cells, provide scattering information with
omnidirectional sensitivity on the imaging plane. The method was initially demonstrated on synchrotron sources
in combination with high resolution detectors. Recent, developments have allowed translation of the method
to compact X-ray tubes targeting industrial applications. In this work we demonstrate initial results of tensor
tomographic measurements based on circular unit cell gratings.

2. EXPERIMENTAL METHOD

The experiments were performed at the TOMCAT beamline, Swiss Light Source, PSI Switzerland. The ex-
perimental setup was composed of a grating, a tomographic stage that can be tilted under an angle θ, and an
X-ray detector downstream the sample recording the distorted interferences patterns. The experimental setup
is summarised in figure 1 (a). This implementation allowed a field of view of 1.5x0.4 cm2 corresponding to the
X-ray beam size. The GIGAFROST camera [4] with a pixel size of 11 µm was used to record the images. The
X-ray energy was set to 25 keV. A total of 1000 projections over 360 degrees were acquired, for every tilt angle
θ of the rotation stage ranging from 0 to 44 every 2 degrees. The exposure time for each projection was 6 ms.
A carbon fibre dummy was used as a sample. The carbon fibres were layered under different orientation in a
PMMA housing. The PMMA housing was a cube of 5x5x5 mm3 with drilled chambers were the carbon fibres
were positioned.

3. RESULTS

As mentioned in the introduction the grating is composed of unit cells containing circular gratings. Each unit
cell creates a pattern on the detector as shown in figure 1 (b), once the sample is introduced the pattern is
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distorted, specifically for highly oriented structures an anisotropic distortion is present as shown in figure 1 (b).
This allows to extract the local scattering in an omnidirectional manner.

The average scattering and attenuation for a tilt angle of 0 degrees were reconstructed tomographically
utilising the grid-rec algorithm [5]. In figure 1 (c) two representatives slices are shown, one with two chambers
and one with only one. In the attenuation images, the PMMA housing is highly visible, the carbon fibres are
partially visible only were they exhibit a tight packing to introduce sufficient absorption. On the other hand, in
the scattering reconstructions, the PMMA housing completely disappears and the fibres become highly visible.
At the moment work is ongoing in order to introduce projections from other tilt angles θ which will allow the
reconstruction of the local tensorial information, revealing the direction of the unresolved fibres.
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Figure 1: Preliminary tomographic results (a) The sample is placed on rotation stage that has the
capability to be tilted under angle θ. The grating generates locally circular patterns encoding the scattering
properties. (b) As seen from the sample and flat images of single grating unit cells when the sample is introduced
a noticeable distortion is present. (c) Reconstructed attenuation and scattering slices of dummy sample. The
sample is composed of a PMMA housing a containing carbon fibres in distinct chambers. The housing is visible
in the attenuation image, in the scattering image only the unresolved fibres generate signal.
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