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Summary: Propagation-based phase-contrast imaging techniques in the optical near field are a versatile tool
to image a variety of samples. The range spans from unstained biological specimen to material science specimen.
The drawback of this technique is the necessity to carry out a phase retrieval on the obtained measurements.
For certain classes of specimens exist specialized retrieval schemes but the general case of a multi component
amplitude and phase object remains challenging for the reconstruction.

1. INTRODUCTION

X-ray near-field holography (NFH) is a lens-less phase-contrast imaging technique which can be readily imple-
mented at synchrotron imaging setups. NFH is suited to image a wide range of objects from weakly interacting
to strongly absorbing multi-material specimen. The amplitude and phase information of the specimen is en-
coded in the measurement by the free space evolution of the wave behind the object. Making use of a diverging
beam as it can be created via different variants of focusing or waveguiding[1] a scalable field of view is achieved
by changing the magnification simply via the focus to sample distance. NFH shows also a better dose efficiency
compared to far-field techniques [2]. The aim of the current work is to extend the reconstruction process beyond
the assumption of weak or coupled (δ/β ratio) specimen.

2. EXPERIMENTAL METHOD

A typical setup is shown in Fig. 1a. Some focusing device e.g. Kirkpatrick-Baez mirrors (KB), compound
refractive lenses or a Fresnel zone plate forms a diverging beam. The specimen S is placed on a rotation stage
in a small defocus distance z01 behind the focal spot F. In a distance z12 behind S a high resolution detector D
with a direct coupling of scintilator and imaging sensor (typical pixel size ∆x =6.5 µm) is placed. The effective
pixel size ∆xe = ∆x ·M is given by the magnification M = z01/(z01 + z12). For nearly non absorbing specimen
with a phase shift < π a single distance is sufficient to obtain a phase reconstruction. More complicated
specimen in terms of composition and absorption need multiple measurements in order to be reconstructed.
These measurements are obtained at varied z01 which changes the Fresnel number Fr = ∆x2e/(Mλz12) (Fresnel
scaling theorem) of the measurement. This encodes the information necessary for the reconstruction later on
in the measurements, Fig. 1 shows an exemplary hologram of a piece of ivory.

The data shown here has been acquired at the nanobranch of the beamline P05 at PETRA III. Using both
experimental hutches of P05 an overall propagation distance of 16.5 m could be achieved, yielding a magnification
of ≈ 220. Three tomograms with 900 projections each have been recorded for the subsequent phase retrieval.
After the phase retrieval the tomographic reconstruction has been carried out.

3. RESULTS

Based on the scheme developed in [1] we have continued development on the alternating projection (AP)
scheme. The AP reconstruction is obtained by simple alternation of the projections ΠM and ΠS , which can
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be written as Ψn+1 = ΠS (ΠM (Ψn)). While the projection on the measurements ΠM has not been altered
we have introduced enhancements for the overall convergence speed and in the projector ΠS on the specimen
constraints: We accelerated the algorithm by the ’added momentum’ method [3] to increase the convergence
rate. The support of the specimen (if applicable) is found automatically by using a combination of thresholding
and morphological operations. The support is not applied as hard mask. We use a Gaussian filtered version
to create a smooth transition between object and non object area. This strategy avoids a sharp boundary,
which can occur as artifact in the reconstruction. The constraint of a ’negative phase’ is very powerful but can
only applied when the phase shifts does not exceed −π in that case a phase unwrapping becomes necessary.
Experimentation showed that not every unwrapping algorithm can be applied during the reconstruction, due
to the inconsistencies present in the wave-field which is being unwrapped. An algorithm with a high robustness
is [4] which can handle the inconsistencies in a not fully recovered wave-field during reconstruction. Figure 1c
shows the recovered phases of a single projection of the ivory obtained by the new scheme after 5000 iterations.
All 900 recovered projections can then be used for a tomographic reconstruction obtained with Gridrec, Fig. 1c
shows a slice through the recovered volume. The slice reveals the location of small channels in the ivory,as well
as the undesired crust of Gallium.
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Figure 1: a) shows a prototype sketch for a NFH tomography implementation at a synchrotron setup. b)
Flat-field corrected hologram at Fr = 2 · 10−4 of an ivory sample. The illumination was created by a FZP of
300 µm with outermost zone width of 100 nm, 1 s exposure time. c) Phase image of a reconstructed projection
using the presented approach. d) Ortho slice of the reconstructed volume, showing the Gallium crust on the
right deposited by ion beam milling.


