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Magnetic Compton scattering and
A Fermiology studies in high magnetic
fields
FERE 54 (F1lE) | Jonathan Duffy (University of Warwick)
IR O FERS | 2016A0131
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LG PR 5
[BEIAY K]

In the proposed Long-Term program, the purpose is
to study several magnetic and strongly correlated systems
under high magnetic fields up to 8 T, using the magnetic
Compton scattering. The committee appreciated that
the present project leader had already developed the
equipment to perform the magnetic Compton scattering
in such a high magnetic field. Thus, the committee
recognizes that the project leader has potential abilities
to complete the proposed project. It is also recognized
that SPring-8 is one of the best facilities for the magnetic
Compton scattering. In addition, the selected materials
are related to quite hot topics in the condensed matter
science. Then, if the project leader actually carries out

all the proposed plans, the results would give significantly



strong impacts to the science community all over the
world. Therefore, the committee accepts the present
proposal and offers 24 shifts of the beam time in the term
2016A, as requested.

However, the committee notices that the project leader
has not published any original paper on the results in the
previous Long-Term program. The committee strongly
requests the project leader to publish some original
papers on the results from the Long-Term program as
soon as possible. If no paper is published during the next
Long-Term program, the program will not be continued
any further. The committee hopes that the project leader
will publish important results of the Long-Term program

soon and give a strong impact to the world.

[ERBEEEIC & DIHFHE]

The purpose of this project is to exploit the
experimental developments that we made using the Long-
Term project 2012B0045, during which we installed
our x-ray compatible Oxford Instruments “Spectromag”
cryomagnet for high field magnetic Compton scattering
experiments. We will perform studies on a set of
magnetic and strongly correlated systems under high
magnetic fields of up to 8 T and temperatures down to 1.5
K. As well as experiments using high energy magnetic
Compton scattering, we propose to attempt our first high
resolution charge Compton scattering experiment using
our high field sample environment.

Our new research programme is focused on two
particular themes: (i) Magnetic Compton scattering
studies of spin orbit coupling, especially in 5d and
5f electron systems, and (ii) high resolution charge
Compton scattering studies of systems where a magnetic
field applied to the sample may be important for Fermi
surface topological transitions. Our high field sample
environment has opened up the possibility for measuring
many scientifically interesting materials and is available
for use by other users.

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 incident
X-ray 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 this project, we will utilize the technique
to isolate the spin contribution to the magnetic properties.
Comparison with bulk magnetization will enable us to
determine the orbital magnetic moments. We will also
use our own electronic structure calculations of the
electron momentum density. Putting these data together
will provide detailed information about the importance of
the competing spin orbit coupling and crystal fields.

High resolution charge Compton scattering is used
to study Fermi surfaces and electron orbitals. For such
studies, a higher resolution measurement of the electron
momentum density than is currently possible in MCS
experiments is required. An incident photon energy of
115 keV is typically used, with a crystal spectrometer to
obtain the required momentum resolution. The technique
has been used successfully on BLOW by a number of
research groups, leading to a significant set of research
publications. In this project, the technique will be used
with our cryomagnet sample environment for the first
time, in order to permit measurements to be made with
an applied magnetic field. This will enable us to study
the evolution of the electronic structure in an applied
field, such as across metamagnetic transitions, and will be
important to compare with experimental Fermi surface
measurements from other techniques where field studies

are not feasible.
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g E)lcaminati'0n. of glottis function' at bi'rth
with multi-view phase-contrast imaging

EIETE4 (FrlE) | Stuart Hooper (Monash University)
PRI O FEFR 5 | 2016A0132
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In this Long-Term Proposal, the group led by Prof.
Hooper is aiming to study the function of glottis at birth.
In a fetus, the glottis is mostly closed and application of
positive airway pressure via a facemask cannot inflate the
lung. The glottis will eventually remain open when the
lung is aerated but how the transition from the closed to the
open state takes place and how it is regulated are unknown.

This lack of understanding poses a serious problem when
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trying ventilate premature infants. If the mechanism that
controls the switching of the glottis state is clarified, it may
be possible to facilitate lung aeration by using a modified
ventilation technique that takes it into account. The
group plans to use a multi-beam phase-contrast imaging
technique to visualize the glottis in a rabbit fetus. They
further plan to study the effect of continuous positive
airway pressure on the switch of the glottis function. This
will help understand how non-invasive ventilation can be
applied more effectively to newborn babies.

The multi-beam technique, which was developed by
the JASRI staff, is unique to SPring-8 BL20B2. Since
the technique has been developed only recently and
requires further development and adaptation to this
particular experiment, this work needs to be conducted as
a Long-Term project. This proposal makes use of unique
features of SPring-8 to solve a medically critical problem.
It is indeed challenging, but from the achievements in
this group’s previous Long-Term projects, it is considered
highly likely that this proposal will lead to a medically

significant outcome again.

[RBREEEIC L DMRHRE]

Research Purpose and Summary

Lung disease and respiratory failure affect many
people at all stages of life and newborn infants are a
particularly vulnerable age group. One of the major
limitations in the advancement of diagnosis and treatment
has been the lack of tools to accurately determine the
condition of the lung. We utilise phase contrast X-ray
imaging to visualise the lungs of animals that mimic
human diseases. The advantage of phase contrast
imaging is that the wavefronts refract as they move
through media with different refractive indices, thus
producing strong contrast at the air-tissue interfaces of
the lung. This provides a detailed picture of the lung,
even down to the small distal airways. This detail is not
achievable in an other type of lung imaging. From the
images we can measure a number of indices including
lung aeration, rib movement and alveolar dimensions.

Our proposed research will exploit the major advances
we have made in phase contrast X-ray imaging to continue
to unravel the mysteries surrounding the transition to
newborn life at birth and how this process can be assisted

in premature infants. Specifically, we will focus on how
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face-mask ventilation can be optimised in spontaneously
breathing premature newborns. This will involve shifting
part of our imaging focus towards simultaneous imaging
of the larynx and the lungs. We will expand on our
recent discovery that the larynx, a muscle in the trachea/
windpipe, is mostly closed at birth and opens only briefly
during inspiration in premature rabbits. This prevents
air entering the lungs when positive air pressures are
applied via a face mask. We found it could take up to
one hour for the larynx to switch to predominantly open,
permitting ventilation via a face mask. Having a closed
larynx at birth could explain why face-mask ventilation
fails in many premature human newborns. Here we will
characterise the state of the larynx in premature, newborn
rabbits as they transition from a fetal (closed) to newborn
(open) state, and identify methods to trigger the larynx to
transition to an open state sooner, thus making face-mask
ventilation more effective.

Aim 1: We will characterise the transitional physiology
of the larynx at birth and determine the mechanism
that switches larynx activity from the “fetal” into the
“newborn state”.

Aim 2: We will identify strategies that open the larynx
and stimulate spontaneous breathing at birth.

Aim 3: We will investigate the effect of different CPAP
(continuous positive airway pressure) levels on respiratory

function and transition at birth.

Expected outcomes

This Long-Term Proposal will expand our current
research to answer critical questions regarding the
transition from a fetus to a newborn, which will have very
important clinical consequences.

i. We expect our findings to confirm that at birth the
larynx is predominantly closed and ventilation via
a face-mask will not inflate the lungs.

ii. We anticipate that lung aeration and/or the state of
oxygenation dictate whether the larynx is open or
closed.

iii. We anticipate we will identify new therapies that
will aid the larynx switch to a predominantly open
state.

iv. We will define the optimal CPAP pressure for
premature newborns to support the larynx switch
and adequately aerate the lungs.



Overall these studies will define the optimal procedure

for rapidly aerating the lungs of premature newborns.
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