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High-Resolution X-ray Imaging for Brains

-ray microscopy explores the

3D structure of materials with
high lateral and spatial resolution
and has many applications in
materials and life sciences. Thanks
to the high brightness of the
NSRRC synchrotron X-rays, im-
portant questions in biology can
be answered with unprecedented
structural detail. The high photon
flux of TPS 02A beamline offers
a unique opportunity to explore
the complicated microstructure
of biological specimens with high
enough throughput so it is possi-
ble, for the first time, to examine
the whole large specimen, such as
an animal brain, in reasonable time.

The TPS 02A beamline is designed
to perform fast projection imag-
ing and tomography with hard
X-rays photons generated from a
1.2 Tesla bending magnet (BM).
Operation at the 3 GeV energy
of the TPS storage ring, the criti-
cal energy (Ec) of the BM source
is ~7.17 keV ideal for imaging
biology specimens with metal
impregnation. The beamline can
provide, however, energy > 25
keV, and photon with energy <5
keV are blocked by the beamline
windows.

Taking 1.2 mrad span of the hori-
zontal central radiation area, the

source spectra is calculated by

the software SPECTRA, shown

in Fig. 1. The spectra, in energy
range 5-25 keV, exhibit the bril-
liance 10"°-10'¢ photons/s/mrad?/
mm?/0.1%BW and photon flux
10'>-10"3 photons/s/0.1%BW. In
addition, the horizontal source
size and the vertical source size
vary insignificantly around 92.8
pum and 38.3 pum in the energy
range 5-25 keV. The horizontal
source divergence is 1.2 mrad with
a mask aperture, and the change
in vertical source divergence over
the energy range is from 0.286—
0.128 mrad, shown in Fig. 2. At
the sample position located 30 m
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Fig. 1: The brilliance (left) and the flux (right) emitted by a bending magnetic source at ring current 500 mA.
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Fig. 2: The source size (left) and divergence (right) as a function of energy.
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from the source, it provides the
photon flux > 4.2 x 10" photons/s
with energy resolution < 1.72 x
1073, the beam size 35.5 (H) x 8.5
(V) mm? and beam divergence 1.2
(H) x 0.3 (V) mrad?.

The endstation of TPS 02A con-
sists of two main modules, one
sample stage module and one
detector module. The microscope
is shown in Fig. 3. This beamline

uses a channel-cut monochroma- i
tor (CCM) to select the energy of

of fast imaging of the detailed
internal structure, such as the neu-
ral network of an animal brain, at
sub-micrometer resolution in 3D.

window.

Figure 4 shows a micrograph of a test pattern ob-
tained with 40X objective, using an X-ray microsco-
py in the TPS 02A. The calculated pixel resolution
is0.156 um. In Fig. 4(b), the grid line of 300 nm in
width is significantly distinguished. Table 1 sum-
marizes the optical parameters currently recorded

in the TPS 02A. To investigate the imaging quality
for bio-specimen with the X-ray microscopy in the
TPS 02A, a Drosophila brain is studied and the brain
structure is resolved (Fig. 5). Our test demonstrat-
ed the resolution of 0.3 um is adequate for general
mapping. Further work is needed to image segmen-
tation and analyze the critical information required
to identify of functional-related structure. (Report by
Yeu-Kuang Hwu)

Table 1: Visible optical parameters recorded for the microscopy
in the TPS 02A. The field of view of CMOS camera of
Hamamatsu is 2048 x 2048 pixels. Due to the pinhole
size of shutter installed, the beam spot size may limit
the FOV in the low magnification, for example, with 4X
objective.

e Pixel luti
Magnification | FOV (mm?) IXE TESOTLTIoN

(1)
4x 3.19%3.19 1.56
20X 0.64 x 0.64 0.312

40X 0.32x0.32 0.156
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the transmitted X-ray photons. Fig. 3: X-ray microscopy consists of two modules, one is for imaging and the other is for
The microtomography is capable adjustment of sample position (a). The channel-cut SI (111) crystal monochro-

mator (b) secured in a vacuum chamber connected to a fly tube coupled to a Be
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Fig. 4:

(a)

Fig. 5:

X-ray micrograph of a test pattern taken by the micro-
scopic system in the TPS 02A.

100 pm
X-ray micrographs of Drosophila head imaged by the
microscopic system in the TPS 02A. (a) Projection image
of the sample. (b) Cross section of the sample after re-
constructing the tomography. The tomography is taken
at the energy of 12 keV. The scale bare is 100 pm.
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