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This group proposes to develop studies of magnetic
systems and their interactions under high magnetic fields
of up to 9 T and temperatures down to 1.5 K, using high
energy magnetic Compton scattering at BLOSW. Their
research program focuses on gaining understanding of
complex magnetic oxides, in particular on the multiferroics,
and heavy Fermion materials metamagnetism. The
common physics behind them is “orbitals in complex
materials”. For this purpose, they will bring their Oxford
Instruments “Spectromag” cryomagnet to SPring-8.

The committee agrees that the magnetic Compton
scattering spectrometer equipped with the new
superconducting magnet system proposed by the group
allows novel measurements of spin densities in
multiferroics, iridates, ruthenates and heavy fermion
materials, all of which are interesting and relevant
materials both scientifically and technologically. Then,
the installation of such an instrument at a Compton
scattering beamline BLO8W will certainly not only

provide unique and new messages to the science in
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proposed materials, but also extend performance of the
current magnetic Compton scattering spectrometer at
BLO8W. Also, the research group has much experience
in Compton scattering both at SPring-8 and ESRF, and in
theoretical modeling of electronic structures, and has
close collaboration with sample providers. Therefore the
committee judges that this proposal is highly feasible,
and as a result will bring significant contributions to
materials science.

Although several interesting materials are
proposed, the road map of the research has not been
shown in the proposal and at the presentation given by
Prof. Duffy. The committee requests the group to draw
up a time schedule to assure the steady progress of
research in the next three years.
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The purpose of this project is to develop studies of
magnetic systems and their interactions under high magnetic
fields of upto 9 T and temperatures down to 1.5 K, using
high energy magnetic Compton scattering. Until now,
experiments on BLOSW have been limited to a maximum
field of 2.5 T and minimum temperature of ~6 K. The
main proposer has an x-ray compatible Oxford
Instruments “Spectromag” cryomagnet suitable for these
experiments, which will be transferred to BLOSW for the
duration of the project. Our research programme is
focussed on gaining understanding complex magnetic
oxides, concentrating in particular on the multiferroics
that are expected have an important role in the
development of spintronic applications. During the
course of this project, the magnet will also be available
for other scientific users of BLOSW.

Magnetic Compton scattering (MCS) samples the
spin dependent electron momentum density through the
use of circularly polarised synchrotron radiation. MCS is



sensitive to only the spin moment of the sample. The
technique requires a high energy monochromatic beam
of circularly polarised photons at an energy of approximately
175 keV, and high scattering angles of approximately 170
degrees, in order to obtain good resolution. In order to
extract the spin polarised signal two measurements are
made with parallel and antiparallel applied field directions
with respect to the scattering vector, the magnetic
Compton profile is determined by the subtraction of the
two spectra. There are several important reasons for
developing the high field method. Measurements of a
considerably wider range of materials, including those
which have interesting high-field behaviour, such as
metamagnetism will become possible. Furthermore, in
many small-moment systems the high field will induce a
larger moment, making measurements more sensitive.

The impact of our research has replies on our ability
to perform detailed electronic structure calculations using
a variety of techniques. Our research collaboration
includes and involves directly experts in the calculaton
methods. It is the direct interaction between experiment
and theory that maximises the potential of magnetic
Compton scattering. Our approach involves more than
just comparison of experiment with theory: we use the
experiments to inform the underlying physics involved
with the calculations, and we use different theoretical
approaches in combination.

Our research programme concentrates on complex
oxide systems. These can be found in almost every
possible solid physical state as superconductors, metals,
insulators, ferromagnets, ferroelectrics, multiferroics and
more. Many are transition metal oxides with strong
electron correlations that lead to fierce competition
between lattice, orbital, charge and spin interactions.
Recent advances in their design and fabrication establish
the means to tailor their response for applications.
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The proposer’s group has been working on the lung
function after birth with the refraction-enhanced imaging
technique. BL20B2 at SPring-8 is the most suitable
beamline world-wide for such phase-contrast imaging
experiments because of its small X-ray source size and
the long distance from the source to the experimental
station. Thus, this group is making the best use of the
beamline.

This is the third long-term proposal from this
group. In the first proposal, they worked on new born
rabbit pups and showed that the lung aeration at birth is
mainly facilitated by breathing, a view that was
drastically different from the previous hypothesis that
was based on continuous water transfer by osmotic
pressure. In the second proposal, they showed that lung
aeration of very premature infants can be improved with
the help of modified ventilation methods such as positive
end-expiration pressure or sustained inflation. These
findings have already led to changes in clinical
guidelines. Along with these medical achievements, the
group developed several new methods to analyze the
phase-contrast images. They devised an algorithm to
measure regional lung gas volumes from the X-ray
images and introduced the techniques of particle image
velocimetry to visualize the three-dimensional
movements of ribs and lung during breaths. The
committee highly evaluates these achievements which
demonstrated that synchrotron radiation can be an
important tool in medicine.

In this third long-term proposal, the group is
aiming to continue studies on the neonates to find a
better way of ventilation and expand it to other important
diseases such as asthma, together with further technical
developments. Although several medical and technical
goals are set, the road map of the research has not been

shown. The committee requests the group to draw up a




time schedule to assure the steady progress of research in
the next three years.
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Research Purpose and Summary

Lung disease and respiratory failure is a major cause of
death and long-term disease in adults, children and
particularly in newborn infants. Therefore, understanding
the progression of lung disease and how respiratory
failure occurs, especially in the newborn, will contribute
to improved healthcare for many members of society.
The huge potential that phase contrast (PC) X-ray
imaging offers for the study of lung diseases resides
within its ability to image the lung in great detail,
particularly the small airways, which harbour much of
the pathology. PC X-ray imaging greatly enhances
image contrast by using the phase shift of X-rays as they
propagate through objects with different refractive
indices. The air-tissue interfaces within the lungs yield
phase shifts that are large enough to make the normally
invisible air-filled structures of the lung highly visible.
No other imaging modality can provide video speed
images that reveal the airways at micron scale in living,

breathing animals.

Our proposed research program has two major objectives
that will exploit the major advances we have previously
made in PC X-ray imaging and experimental procedures.
Our first aim focuses on important biomedical questions
in lung biology such as:

a. How can we better ventilate and resuscitate very
premature infants without injuring their very
delicate, immature lungs?

b. How do asthma and other airway diseases (eg.
bronchitis) that increase airway resistance affect

regional lung function?
Our second aim is to continue developing imaging and
analytical techniques that allow us to answer major

biomedical questions in neonatal and adult lung biology.

Expected Outcomes

This long-term proposal will extend our investigations of
the transition of the newborn at birth and results will

impact on the clinical management of premature

newborn infants. In particular, we expect that our work
will:

i. Identify the best possible procedures that can be
used to facilitate uniform lung aeration at
birth without causing injury

ii. Determine how partial lung aeration triggers an
increase in pulmonary blood flow in un-
aerated regions of the lung at birth

iii. Identify the interaction between ventilation of the
lung at birth and compromised cerebral
vascular perfusion, including haemorrhage.
This long-term proposal also aims to understand and
identify the effect of changes in lung structure on lung
function in adult lung disease using PC X-ray imaging.
In particular, we expect that our work will:

i. IDetermine the effects of asthma and inhaled
bronchodilators used to treat asthma, on
regional lung function

ii. Determine the ability of PC X-ray imaging to
characterise morphological changes in lung
structure associated with lung pathologies

Another important aspect of this proposal is continued
development and refining of our imaging and analytical
techniques so that we can better answer these complex
biomedical questions. In particular, we will:

(1) Continue developing techniques to digitally
subtract the ribcage from lung tissue to
more accurately measure air volumes and
track lung movement

(ii) Develop techniques to perform PC X-ray
imaging and angiography in the brain to
investigate relationships between lung
aeration and cerebral vascular compromise

(iii) Develop imaging and analytical techniques to
assess the size distribution of distal airway
structures and how they change with
disease
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