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With the upgrade of beamline BW4 at HASYLAB, a microbeam option was added that allows one
for example to perform microbeam-small-angle scattering experiments [1]. Focusing the hard x-
ray beam (λ = 1.38Å) using parabolic refractive x-ray lenses made of beryllium [2], we combined
small-angle x-ray scattering (SAXS) with scanning microtomography. To test this new method, we
investigated the local nanostructure inside a polymer rod (Lupolen 6021D by BASF) made by in-
jection molding and was subsequently stretched at elevated temperatures. The method is described
in detail in [3] and the resulting reconstructed local scattering cross-sections are interpreted in terms
of the local polymer structure in [4].
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Figure 1: (a) Experimental setup for tomographic small-angle scattering (SAXS-tomography). (b) Top view
of the sample region. SAXS pattern obtained by illuminating the sample with the microbeam peripherally
(c) and centrally (d).

To acquire a SAXS tomogram, the sample is scanned through the hard x-ray microbeam in trans-
lation and rotation (Fig. 1). A single tomographic projection is recorded by scanning the sample
perpendicularly through the beam (along r in Fig. 1(b)), recording at each position of the scan a
full small-angle scattering pattern by a two-dimensional detector. In addition, the incident I0 and
transmitted radiation I1 are recorded by a ionization chamber and a PIN-diode (in the beamstop),
respectively. After a translational scan is completed, the sample is rotated by an integer fraction of
a full rotation and the next projection is recorded. This procedure is repeated until a full rotation of
the sample is completed.
In the present example, a microbeam with a lateral extension of 57 × 39 μm2 was used to scan the
sample in 69 translational steps of about 80 μm for each projection. 101 projection were recorded.
Fig. 1 (c) and (d) show two exemplary SAXS-patterns recorded with the microbeam aiming at the
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periphery and center of the polymer rod, respectively. The difference in these patterns already hints
towards the inhomogeneous structure of the rod.
The tomographic reconstruction of the transmission signal yields the distribution of the attenuation
coefficient μ(x, y) on the virtual section through the rod. With known composition of the polymer,
the density distribution ρ(x, y) can be reconstructed. Fig. 2 shows the very homogeneous distribu-
tion of the attenuation coefficient (μ = 2.4 ± 0.1 cm−1), corresponding to a homogeneous density
of ρ = 0.88 ± 0.04 g/cm3.
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Figure 2: Tomographic reconstruction of the x-ray attenuation and the integral diffracted intensity along
the qz-direction. At each location in the reconstruction, the three-dimensional scattering cross-section is
reconstructed. 2D-sections through these scattering cross-sections are shown for four exemplary locations
marked by (a), (b), (c), and (d).

The tomographic reconstruction of the small-angle scattering signal is more involved. In general,
the two-dimensional scattering data is not sufficient to reconstruct the three-dimensional scattering
cross-section at each location inside the sample [3]. Rigorous reconstruction of the scattering data
is only possible for momentum transfer vectors �q along the tomographic rotation axis. Fig. 2 shows
the integral scattered intensity along the qz-axis, revealing a strong inhomogeneity of the local
nanostructure inside the rod: a clear core-shell structure is observed. With additional symmetry
of the diffraction patterns in the sample, i. e., isotropy of the scattering about the tomographic
rotation axis, it is possible to reconstruct the full three-dimensional SAXS cross-section for each
location inside the sample. The strong fibre texture of the sample along the rotation axis justifies the
reconstruction of the full cross-section. In Fig. 2(a) through (d) the local scattering cross-sections
are shown for a few exemplary locations inside the rod. Their detailed interpretation is given in [4].
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