friried applied
e sciences

Article

Micro-Computed Tomography Beamline of the Australian
Synchrotron: Micron-Size Spatial Resolution X-ray Imaging

Benedicta D. Arhatari 1*(©), Andrew W. Stevenson -2(2, Darren Thompson -2, Adam Walsh !, Tom Fiala !,
Gary Ruben 17, Nader Afshar !, Sinem Ozbilgen ', Tingting Feng !, Stephen Mudie ! and Prithi Tissa !

check for
updates

Citation: Arhatari, B.D.; Stevenson,
AW.; Thompson, D.; Walsh, A_; Fiala,
T.; Ruben, G.; Afshar, N.; Ozbilgen, S.;
Feng, T.; Mudie, S.; et al.
Micro-Computed Tomography
Beamline of the Australian
Synchrotron: Micron-Size Spatial
Resolution X-ray Imaging. Appl. Sci.
2023, 13,1317. https://doi.org/
10.3390/app13031317

Academic Editor: Fabrizio Carta

Received: 14 December 2022
Revised: 12 January 2023
Accepted: 14 January 2023
Published: 18 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Australian Synchrotron, Australian Nuclear Science and Technology Organisation (ANSTO),

Clayton, VIC 3168, Australia

2 Commonwealth Scientific and Industrial Research Organisation (CSIRO), Clayton, VIC 3168, Australia
*  Correspondence: arhatarb@ansto.gov.au

Abstract: The first new beamline of the BRIGHT project—involving the construction of eight new
beamlines at the Australian Synchrotron—is the Micro-Computed Tomography (MCT) beamline.
MCT will extend the facility’s capability for higher spatial resolution X-ray-computed tomographic
imaging allowing for commensurately smaller samples in comparison with the existing Imaging and
Medical Beamline (IMBL). The source is a bending-magnet and it is operating in the X-ray energy
range from 8 to 40 keV. The beamline provides important new capability for a range of biological
and material-science applications. Several imaging modes will be offered such as various X-ray
phase-contrast modalities (propagation-based, grating-based, and speckle-based), in addition to
conventional absorption contrast. The unique properties of synchrotron radiation sources (high
coherence, energy tunability, and high brightness) are predominantly well-suited for producing phase
contrast data. An update on the progress of the MCT project in delivering high-spatial-resolution
imaging (in the order of micron size) of mm-scale objects will be presented in detail with some
imaging results from the hot-commissioning stage.
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1. Introduction

The Micro-Computed Tomography (MCT) Beamline is a 1.3 T bending-magnet-based
beamline at the third generation 3 GeV (200 mA) Australian Synchrotron that is operated
by the Australian Nuclear Science and Technology Organisation (ANSTO). It is the first of
the eight new beamlines being constructed as part of the BRIGHT project and can produce
nearly parallel polychromatic and monochromatic X-ray beams with energies ranging from
8 to 40 keV through the use of a double multilayer monochromator (DMM). The MCT
user experimental program will encompass widespread applications from material to life
sciences. In most cases, the experiments are performed under ambient conditions. However,
for some material-science applications in the near future, the beamline will incorporate
specialized sample stages for heating, cooling, or performing in-liquid experiments. In
situ loading during measurements can also be subjected to the sample, including tensile
stress, compression, etc. Several imaging modalities are offered at MCT for both 2D
and/or 3D imaging, including propagation-based phase-contrast techniques [1-4] at the
current stage of development and, in the future, grating-based techniques [5,6], speckle-
based techniques [7-9], dark field imaging [10], and nano-CT imaging [11]. The choice
of technique depends mainly on the specific application and science drivers. Dynamic
or high-speed imaging (as a function of time) [12-14] will also be available due to the
comparatively high X-ray flux at MCT relative to laboratory-based sources.

There are three hutches at the MCT beamline. Hutch A is the beam-conditioning
hutch and houses the photon delivery system (PDS), including key X-ray optical elements.
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The experiment hutches are B and C, in order of increasing distance from the source,
with a maximum distance of over 34 m from the source at the end of hutch C. There
is a removable beam stop at the end of hutch B. This allows access to hutch C while
an experiment is being conducted inside hutch B. The beam size in the sample plane
inside Hutch B (22 m from the source) is 44 mm (horizontally) x 6.6 mm (vertically),
as defined by the mask in the PDS. In hutch C (32 m from the source), the beam size is
64 mm (horizontally) x 9.6 mm (vertically).

The PDS in hutch A will deliver nearly parallel X-rays. Four different beam modes
will be available, i.e., white beam, pink beam, and monochromatic beam with and without
harmonic suppression. A schematic spectrum of the four-beam modes is shown in Figure 1.
The white beam (as shown in Figure 1a) is a polychromatic unfiltered beam directly from
the first bending magnet source in sector 9 of the Australian Synchrotron storage ring. The
pink beam (as shown in Figure 1b) is achieved by cutting off the high energy end of the
white beam using a Vertical Bounce Mirror (VBM). A double-multilayer monochromator
(DMM) is used to produce a monochromatic beam with the energy bandpass of 0.5% or
3% depending on the DMM stripe used. A monochromatic beam is schematically shown
in Figure 1c with the presence of a small contribution from the third harmonic. The small,
undesired third harmonic component from the monochromatic beam can be removed by
using the VBM if necessary, as shown in Figure 1d.
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Figure 1. Four different beam modes in MCT beamline: (a) white beam, (b) pink beam, (c) monochro-
matic beam, and (d) monochromatic beam without a third harmonic contribution.

The beamline layout for MCT is shown in Figure 2. There are four vacuum sections
in PDS (in Hutch A). PDS vacuum section #1 consists of mask, white beam slit A, and
filters with five paddles. These filters are useful to harden the beam or remove the low
energy parts. The DMM is in PDS vacuum section #2. The substrate material of the DMM is
single-crystal silicon. There are three stripes in the DMM with the coating material of Ru/C
(for 8-23 keV, 3% bandpass), V/B4C (for 8-25 keV, 0.5% bandpass), and W/B4C (2140 keV,
3% bandpass). The first multilayer of the DMM is at a fixed location of 13 m from the source
while the second multilayer can be moved up-stream/down-stream during the operation.
The X-ray energy of the beam will be defined by the pitch position of both multilayers. In
practice, the energy calibration must be performed during the hot commissioning stage in
order to achieve the true X-ray energy for user operation. PDS vacuum section #3 consists
of a diagnostic screen, white beam slit B, and VBM. The substrate material of the VBM is
also single-crystal silicon. There are two stripes in the VBM with the coating material of Rh
and Pt. The choice of the stripe and the pitch position of the VBM will define the cut off
X-ray energy at the high-energy end. Lastly, PDS vacuum section #4 consists of another
diagnostic screen, white beam slit C, photon shutter, and safety shutter.
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Figure 2. MCT beamline layout.

There are two granite tables each in experiment hutch B and C, respectively. The
first table (Table B1) in experiment hutch B is the work horse table for absorption-contrast
and propagation-based phase-contrast imaging. The sample stage and detector stage is
mounted in Table B1 in the early stage of user operation with movable sample-to-detector
distance. A robot for rapid sample exchange is also mounted in this table. In future
operation, the detector stage can be moved to other tables for other imaging modality.
Table B2 (the second table in hutch B) will be used for a nano CT-based system with the
detector in Table C2. The grating-based system and speckle-based system will be mounted
in Table C1.

The MCT beamline has been designed in response to the needs of the user community
(including industry) for high-resolution imaging applications and characterization of mate-
rials. This will provide enormous benefit to many 3D X-ray imaging applications [15-17]
such as industrial inspection, medicine, material science, chemistry, and biomedical imag-
ing. There will be two imaging modalities offered by the MCT beamline in the early
stages of its operation. These are absorption-contrast and phase-contrast modes. In the
phase-contrast mode, we will use a propagation-based phase-contrast imaging set-up.
Propagation-based phase-contrast imaging has a simple experimental set-up that does not
require any additional optical elements. This method merely allows a spatially coherent
wave field to propagate far enough distance from the sample so that the diffraction fringes
can be detected by the detector. Due to its simplicity, this propagation-based phase-contrast
modality is readily applied to 3D computed tomography (CT) imaging [18-20]. Meanwhile,
the absorption-contrast mode is attained when the sample-to-detector distance is very
small. In this way, the phase-contrast is easily achieved by moving the detector away
from the sample. The interaction between the X-ray beam and the sample can be generally
described by the complex refractive index, n =1 — J + i, where J is related to the phase
shift and B is related to the attenuation. The contrast in conventional X-ray projection
images primarily depends on the linear attenuation coefficient, u(A) = 475(A)/A, where A is
the X-ray wavelength. The X-rays traverse point r as a specific location in an object, travel
along a straight line L(x,0), indicated by the path length, t, and are distinctively defined by
the rotation angle, 6, and the end-point, x, at the projection (detector) plane. Hence, p(r, A)
can be written as u(r, A) = u(x,0,t,A). The output intensity, I, in the single wavelength case
is provided by integrating the attenuation through the sample, as follows:

[(x,0,A) = Ip.e Jwo PEOLNEE _ 0 o—(Rp)(x0,1) (1)

where Ij is the incident intensity and R is the Radon transform [21]. The linear attenuation
coefficient on CT reconstruction can then be calculated via an inverse Radon transform operation

u(r,A)=-R71 [ln(I(xI(Z)‘)ﬂ )
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The distribution of the linear attenuation coefficient in the single wavelength case

can also be expressed in terms of j, the distribution of the imaginary component of the

complex X-ray refractive index as f(r,A) = — ﬁ R [ln (I(xliz)‘)ﬂ . For low density or

low Z materials, the X-ray attenuation generates low contrast [22]. By comparison, in the
hard X-ray regime, the contribution of J is typically three orders of magnitude greater than
the contribution of B. This has led to utilizing the refraction in hard X-ray phase-contrast
imaging becoming an increasingly widespread technique for the non-destructive imaging
of low-density samples [3,23]. Therefore, to obtain the distribution of 6(r,A) we use:

S(rA) = —R7(A). T(x,0)] ®3)

where T(x, 0) is the retrieved thickness for a projection angle, 6. For homogeneous samples,
this can be calculated using the “TIE-Hom” algorithm (also known as Paganin’s method),

as follows [24]:
e A L(x,6,A)
T(x,0) = —In [F (475[3 + Z(S)\uz]F { Io ] ﬂ @

where u is the Fourier variable conjugate of x, F is the Fourier transform operator, F~!
is the inverse Fourier transform, and I;(x, 6, A) is the intensity at a propagation distance
with a fixed value of z. The TIE-Hom algorithm is predominantly useful for imaging
approximately homogeneous low-density samples. Equation (4) is implemented using the
propagation-based phase-contrast method that is often more straightforward compared to
other phase-sensitive X-ray-imaging techniques [4,25].

The emphasis of the current paper is on the early development and progress of
micron size resolution imaging (of mm-scale objects) at the MCT beamline including both
propagation-based phase-contrast and absorption-contrast imaging modalities. More detail
on the image resolution will be presented in terms of the results obtained during hot
commissioning. Other imaging modes such as grating-based, speckle-based, and nano-CT
are still in the process of development at the MCT beamline.

2. Early Development in MCT Beamline
2.1. The First Light

A major milestone for the BRIGHT project was the achievement of “first light” at the
MCT beamline on 21 November 2021. “First light” involves obtaining X-rays from the
storage ring into the PDS for the first time (the beam is confined to Hutch A with closed
beamline shutters). The system was started with a low ring current of 1 mA, which is
possible only during machine-studies time in the facility, when the front end was opened
for the first time (with the storage ring operational) and without any optical elements in
the X-ray’s path in the PDS. The first light is detected using a diagnostic screen (created
with a copper block coated with Yttrium oxide) located in the PDS. This diagnostic screen
was lowered into the beam path and emits visible light when exposed to X-rays. This
visible light was captured by the visible light camera that viewed the diagnostic screen,
see Figure 3. By carefully monitoring the condition of the vacuum levels, water flows, and
temperatures, the low current of 1 mA was increased systematically. On the following day,
22 November 2021, the operation with an increasing current up to the full ring current of
200 mA (top up mode) was achieved. Further conditioning and testing of the PDS was
performed in the remaining user-beam time in 2021.
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Figure 3. (a). Image of the “first light” captured by a visible light camera connected to a computer.
(b). Diagnostic screen inside vacuum tube (blue dot line square) with visible light camera system
(green arrow direction) that captured the X-rays (red arrow direction).

2.2. X-ray Detector

Due to different beam modes on the MCT beamline, in the early stage of its op-
eration, we will have two different types of detectors, i.e., a white-beam detector and
monochromatic-beam detector, see Figure 4. Each detector is supplied with several objec-
tive lenses that can be easily selected for each experiment to provide the required image
magnification, field of view, and the corresponding resolution. Each detector is coupled
with a high-resolution pco.edge 5.5 sCMOS camera that has 2560 x 2160 pixels and 6.5 um
x 6.5 um pixel size. The pco.edge camera is oriented perpendicular to the beam direction
to prevent the direct beam impacting the camera. Each objective is coupled with thin
LuAG:Ce or GGG:Eu/Tb scintillators that convert X-rays to visible light. This light goes
to the objective lens and then to the pco.edge camera via a 45° mirror. In the white-beam
detector, this 45° mirror is located between the scintillator and objective lens while in
the monochromatic-beam detector between the objective lens and pco.edge camera. The
white-beam detector is flushed with dry Nitrogen gas with a small flow of 0.15 It/min
during the experiment to prevent ozone degrading the mirror surface.

Figure 4. (a). White-beam detector with three objective lenses. (b). Monochromatic-beam detector
with three objective lenses.

2.3. Spatial Resolution of the White-Beam Detector

The two imaging modalities offered by the MCT beamline in the early stage of its
operation are absorption-contrast and propagation-based phase-contrast. The point spread
function (PSF) of these imaging setups can be described as a combination of the blurring
from the source size due to the geometric setup and the blurring from the detector itself.
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The blurring from the source is due to the geometric magnification in the propagation-
based imaging setup, whereas the blurring from the detector is mainly caused by the
blurring associated with the scintillator thickness. A thin scintillator will contribute less
to the PSF but then lowers the efficiency and so a compromise is needed. The standard
deviation for the (normalized) Gaussian for the PSF for our imaging system can be presented

as follows [2]:
M—1)\2 o2
Osys = \/(M ) 0+ ﬁdz ®)

where M is geometric magnification, o is the Gaussian standard deviation for the source
size, and o, is the standard deviation for the line spread function (LSF) of the detector,
which, in this case, is mainly due to the scintillator blurring. The geometric magnification,
M, is dependent on the distance between the source and the sample (R;) and the sample
and the detector (Rp) as M = (R + Rp)/R;. For the true absorption-contrast mode, where
Ry =0and M = 1, the first term of Equation (5) will be zero. This first term will become
important when the sample to detector distance is large, M > 1. In the current set-up the
source-sample distance R; is 21.5 m with the source size, o, of 87 um horizontally and
58 um vertically. Koch et al. [26] use the expression for the Gaussian LSF at 90% and 50%.
For non-Gaussian LSFs, we can describe 0 as follows:

(U(fw%%) + T (fw50%) )
a 2

2 2
c=0y :\/<0'l9 ”A”> + (0.043s NA)* + \/<0'12 ”A”) +(0.0285s NA)?  (6)

NA NA

where n = 1 for the condition in air, NA is the numerical aperture, s is the scintillator
thickness, and A, is the wavelength of visible light produced by the scintillator in response
to the X-ray beam (550 nm in this case). For the MCT white-beam detector, we will have
04 as shown in Table 1 as calculated using Equation (6). The information regarding the
numerical aperture, scintillator thickness, FOV, and effective pixel size are also presented
in Table 1. The white-beam detector uses LuAG:Ce scintillators with a different thickness
for each objective lens of 1x, 5%, and 20, respectively.

Table 1. The calculated detector standard deviation, o, for MCT white-beam detector.

Obiective Scintillator Effective
) NA Thickness  FOV (mm?)  Pixel Size o7 (um)
Lens
(um) (um)
1x 0.035 500 16.6 x 14.0 6.5 5.03
5x 0.21 35 33 x28 1.3 0.97
20x 0.42 10 0.8 x 0.7 0.33 0.50

The corresponding system standard deviation, ogys, for several sample-to-detector dis-
tances of 160 mm, 700 mm, and 1410 mm can be found in Table 2, as calculated using
Equation (5), for the horizontal direction. The horizontal source blurring was calculated using
the horizontal source size of 87 um. Similarly, the vertical source blurring (not presented in
the table) can be calculated using the vertical source size of 58 um. The corresponding full
width at half maximum (FWHM) can be calculated as respywim = 2v 2 [ 2 0sys = 2.355 Osys.
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Table 2. The calculated system standard deviation, osys, and respwrpv in horizontal direction of MCT
white-beam detector.

o e Sample Horizontal Osys TeSEWHM
Ob]lee;tslve Detector M Source (Horizontally)  (Horizontally)

Distance (mm) Blurring (um) (um) (um)
160 1.01 0.64 5.03 11.85
1x 700 1.03 2.7 5.59 13.16
1410 1.07 5.4 7.14 16.81
160 1.01 0.64 1.15 2.72
5% 700 1.03 2.7 2.90 6.82
1410 1.07 54 5.43 12.79
160 1.01 0.64 0.81 1.92
20 700 1.03 2.7 2.79 6.56
1410 1.07 54 5.38 12.66

In order to evaluate the PSF for our imaging system, we use a MicroCT Bar Pattern
Phantom (QRM GmbH, Germany) and a resolution test pattern (Xradia X500-200-30, ZEISS,
California, USA) with a known size of line width. The first one will be used for the
1x objective lens, while the second one for the 5x and 20 x objective lenses as they have
different ranges of feature sizes. The MicroCT Bar Pattern phantom is composed of a
silicon chip with various line widths. The Xradia X500-200-30 consists of an electroplated
gold pattern on a SizN4 membrane and incorporates line patterns of different sizes. We
use three different sample-to-detector distances for this study, i.e., 160 mm, 700 mm, and
1410 mm. These will vary the geometrical magnification value of M. The experiment is
conducted using white beam mode with an in vacuo filter of 0.2 mm diamond, 5 mm Al,
and 0.1 mm Cu in the beam path. The images are corrected with a flat-field image and
dark current image to account for the non-uniformity of the imaging system. The flat-
field images were conducted with the X-ray illumination on, but without a sample within
the field-of-view (FOV). The dark-current images were conducted without X-rays. The
imaging results for both resolution phantoms are shown in Figures 5 and 6 for horizontal
and vertical orientations, respectively. The images have been cropped to highlight the
important regions of the test patterns. The corresponding theoretical respwiv values as
shown in Table 2 are also presented in Figure 5 for easy comparison between the theoretical
value and the experimental result.

The results obtained for the resolution test patterns from Figures 5 and 6 show good
agreement with the theoretical horizontal and vertical resolution values. For example, in
Figure 5, for the 1x objective lens at 160 mm and 700 mm distances, we do not resolve the
10 pm linewidth in the experimental results. These are in good agreement with the theoret-
ical values of 11.85 um and 13.16 pm, respectively. Note that the FWHM values of each
pattern are the same with the corresponding linewidths. In another word, the theoretical
FWHM values can be compared with the experimental linewidth values. Similarly, the
smallest line width visible at 160 mm using the 20x objective lens is slightly below 2 pm.
This is in good agreement with the corresponding theoretical resolution FWHM value of
1.92 um. One minor exception in Figure 6 for the 5x objective lens at 160 mm distance is
where the experimental result shows a slightly bigger value than the theoretical vertical
resolution of 2.47 um.
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objective | Rz (mm) | respwnm
lens (pm)
160 11.85
1x 700 | 13.16
1410 | 16.81
160 2.72
% 700 | 682
1410 | 12.79
160 192
X
20 700 6.56
1410 12.66

Figure 5. Resolution pattern images in horizontal direction taken using 1x objective lens (for QRM
MicroCT test pattern) and using 5x and 20x objective lenses (for Xradia X500-200-30 test pattern)
at several sample-to-detector distances of 160 mm, 700 mm, and 1410 mm with corresponding
theoretical respywpn values horizontally. The numbers below the test pattern of 1 x images indicate
the corresponding linewidth in um. The half period or linewidth in um unit of the 5x and 20x
objective lens images are visible on the pattern itself.

objective 1x 5x 20x
lens
R, (mm) 160 700 1410 160 700 1410 160 700 1410
""(SFW*;M 11.79 1225 13.93 247 484 8.67 1.55 246 8.48
pum

WL e

Figure 6. Resolution pattern images in vertical direction taken using 1x objective lens (for QRM
MicroCT test pattern) and using 5x and 20 objective lenses (for Xradia X500-200-30 test pattern)
at several sample-to-detector distances of 160 mm, 700 mm, and 1410 mm with corresponding
theoretical resolution in respwy values vertically.
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3. Imaging Results from Hot Commissioning Stage
3.1. X-ray Phase Contrast Result

For data acquisition, the MCT beamline uses a web-browser-based user interface for
common experiment types with continuous feedback and monitoring. The input values,
such as file name, exposure time, beam mode, X-ray energy, number of projections, and
number of darks and flats, can be entered via this user interface. There is also the option to
choose 2D (projections) or 3D (tomographic) data acquisition. The produced data product
is an hdf5 file, incorporating both image and metadata information.

The first phase-contrast images produced at the MCT beamline can be seen in Figure 7.
A monochromatic beam at 11 keV was used to image an insect, fibrous paper, and euca-
lyptus leaf, using the 5x objective lens of the white-beam detector. The distance between
the samples and detector was 70 mm. Phase contrast is clearly present in these images
(manifesting itself as black-white fringes enhancing the edge structure of the sample
in particular).

Figure 7. X-ray phase-contrast images (at 11 keV monochromatic beam collected using 5x objective
lens): (a) an insect, (b) fibrous paper, and (c) a eucalyptus leaf.

3.2. X-ray Phase Contrast CT Result

For the tomographic scanning reported in this section, the sample is rotated over a
180° range. The data consisted of 1201 projections with a step-angle of 0.15°. Before and
after the scan, 100 dark-current images and 100 flat-field images were collected.

Pre-processing each of the projection images is required prior to 3D reconstructions.
This includes the correction for the dark-current and flat-field images. The pre-processing
and the 3D reconstruction step were applied using the MCT processing pipeline and data
processing user interface, developed by the Australian Synchrotron’s in-house Scientific
Computing group. The workflow and pipeline are configured and run from Jupyter
notebooks. The pipeline is based on the open source Insight Toolkit (ITK) [27,28] and
ASTRA toolbox [29] projects. The MCT processing pipeline was used for 3D reconstruction
including the TIE-Hom phase-retrieval step. The phase-retrieval algorithm was applied
to the projection data set, to exploit the information from the phase, using a <y (or the
ratio §/ ) value applicable to the relevant materials at the experiment’s X-ray energy. The
Filtered Back Projection (FBP) algorithm [30] was used for the CT reconstruction. The
MCT processing pipeline is available in the interactive computing environment ASCI
(Australian Synchrotron Computer Infrastructure) desktop that provides high-performance
computing resources [31]. The ASCI desktop provides a convenient web-based interface
to launch Linux desktops on high-performance computer hardware. The experiment data
are also stored in the ASCI desktop. The ASCI desktop can be used to analyze users’
data immediately following acquisition at the beamline and/or after their beam time
by logging in remotely. Analysis software such as ORS-Dragonfly and Avizo are also
available in the ASCI desktop for MCT users. These software packages are useful for 3D
viewing, image rendering, image segmentation to calculate volume, pore network analysis,
bone analysis, etc.
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Figure 8a,b show the reconstructed slices without and with phase-retrieval, respec-
tively. We can see that the contrast is improved by TIE-Hom phase retrieval and shows
an increased signal-to-noise ratio (SNR) [32,33] in Figure 8b compared to the one without
phase retrieval (Figure 8a). The data were extracted using a white beam with in vacuo
filtration of 0.2 mm diamond, 5 mm Al, and 0.1 mm Cu. The white beam detector was used
with a 20 objective lens with an exposure time of 0.7 s. The distance between the sample
and detector was 160 mm. ORS-Dragonfly was then used for 3D representation.

Figure 8. Slice reconstruction of wood structure (toothpick) without TIE-Hom phase-retrieval in
(a) and with TIE-Hom phase-retrieval in (b), with the 3D visualization of the data such as in (b)
presented in (c). Data were collected using white beam, 20x objective lens, exposure time of 0.7 s,
and sample-detector distance of 160 mm.

4. Conclusions

The MCT beamline constructed as part of the BRIGHT project at the ANSTO Aus-
tralian Synchrotron is suitable for high-resolution computed tomographic imaging both
in absorption-contrast and propagation-based phase-contrast imaging modalities. The
resolution study for the white-beam detector showed good agreement between theoretical
and experimental values. “First light”, first phase-contrast images, and first CT data were
produced successfully at the MCT beamline. The CT result showed that the phase-retrieval
TIE-Hom algorithm can be used to enhance image contrast of low Z materials and improve
SNR. The MCT users can rapidly process the collected data during their beam time and/or
access the data after the beam time using the synchrotron’s ASCI desktop facility. This new
MCT beamline provides complementary capability to the IMBL beamline. This extends the
capability of imaging for a broader range of object sizes and resolutions.
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