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Beamline: BL19LXU/SPring-8

X-ray energy: 12.6 keV

Phase Plate: C(001) t=2.7mm

Sample cooling: Closed-cycle He gas refrigerator

1. Asymmetrical satellite reflection intensity
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(A) RA-QD02-0063 (7 keV, X = 431 cm™).
(B) RA-QD02-0014 (7 keV, X = 287 cm™).
(C) RA-QD02-0042 (7 keV, X =575 cm ).
(D) RA-QD02-0048 (7 keV, X = 431 cm ).
Ol: olivine; LPx: low—Ca pyroxene; HPx:
high—Ca pyroxene; Pl: plagioclase; CP: Ca
phosphate; Tr: troilite;, Meso: mesostasis.
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TR CEEITHAHZEATRIEINT =,
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Spin-dependent electronic states of buried magnetic layers studied by hard
x-ray photoelectron spectroscopy

Xeniya Kozina
SPring-8 JASRI, Hyogo, 679-5198, Japan

Highly increasing demand of the worldwide market in new information technologies has lead to the
emerging innovative field of spin electronics, or spintronics. Spintronics is an applied discipline that
encompasses magnetoelectronics and deals with nanoscale devices employing not only an electron charge
but also its spin. The principal constituent part of such devices is a complex multilayer structure such as
magnetic tunnel junction (MTJ). The performance of novel spintronic devices is defined by both the
quality of produced magnetoresistive multilayer structures and the intrinsic properties of materials,
employed in their functional layers. Therefore the investigation and improved understanding of the
magnetoelectronic properties of deeply buried layers and interfaces in magnetic multilayer structures is
of a great importance from the viewpoint of the fundamental research as well as for their potential
applications in the field of magnetic recording, as data storage devices, and sensors.

X-ray photoelectron spectroscopy (XPS) is a universal and powerful tool that is widely used for
probing the chemical composition and electronic structure of materials. The application of hard x-rays
increases the inelastic mean free path of the emitted electrons within the solid and thus makes hard
x-ray photoelectron spectroscopy (HAXPES) a bulk sensitive probe for solid state research and especially
a very effective non-destructive technique to study deeply buried layers [1, 2].

Magnetoelectronic properties such as exchange splitting in ferromagnetic materials as well as
macroscopic magnetic ordering can be studied by magnetic circular dichroism in photoemission
(MCDAD). Though recently it has been widely applied for the characterization of surfaces using low
energy photons, the bulk properties have stayed inaccessible. Therefore in the present work this method
was integrated to HAXPES to provide an access to exploration of magnetic phenomena in the buried
layers of complex multilayer structures. Measurements of magnetic dichroism in angular-resolved hard
x-ray photoemission (HAXPES-MCDAD) were performed on CosFeAl and CoFe in-plane magnetized
buried layers with IrMn exchange-biasing layer on top or below ferromagnetic layer, respectively [3]. A
pronounced magnetic dichroism was found in the Co and Fe 2p states of both materials. It was shown
that IrMn exchange-biasing layers keep thin films of CoFe or Co2FeAl remanently magnetized in a
well-defined direction. The localization of magnetic moments at the Fe site, which is responsible for the
peculiar characteristics of the CozFeAl Heusler compound, predicted to be a half-metallic ferromagnet, is
revealed from the magnetic dichroism detected in the Fe 2p states.

Inasmuch as the magnetoresistive characteristics in spintronic devices are fully defined by the electron
spins of ferromagnetic materials, their direct measurements always attracted much attention, but up to
date have been limited by the surface sensitivity of the developed techniques. The results on the
successfully performed spin-resolved HAXPES experiment using a spin polarimeter of the SPLEED-type
on a buried CosFeAlosSios magnetic layer are presented [4]. The measurements prove that a spin
polarization of about 50 % is retained during the transmission of the photoelectrons emitted from the Fe
Zpap state through a 3-nm-thick oxide capping layer. The reported spin resolved spectra agree well with the
magnetic circular and linear dichroism. Combining information from spin polarization and magnetic
dichroism provides a detailed insight into the dynamics of photoemission from a ferromagnetic material.
The performed experiment paves the way to spin-resolved spectroscopy of buried layers and buried
mterfaces, which until now were inaccessible by the classical low energy approach.

In this presentation I would like to express my gratitude to Prof. Dr. Claudia Felser for the leading this
project, Prof. Dr. Gerd Schonhense for fruitful collaboration and design of the spin-resolved detection
system. I would also like to acknowledge Prof. Dr. Koichiro Inomata, Prof. Dr. Masafumi Yamamoto and
their groups for the support within the project and providing excellent exchange-biased samples and their
precharacterization. I am very grateful to Dr. Eiji Ikenaga for the enormous support and help at the
beamtime and making it possible to perform all the HAXPES-based experiments at BL47XU at SPring-8.
I would like to express my gratitude to Prof. Dr. Keisuke Kobayashi for his invaluable support through the
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Phase Contrast X-ray Imaging of the Lungs
Marcus Kitchen, Monash University

Abstract:

Our research team, based at Monash University in Australia, is
studying the structure and function of the respiratory and
cardiovascular systems using advanced synchrotron-based
X-ray imaging techniques. Our major projects are focused on
(1) understanding the mechanics of lung liquid clearance and
lung aeration at birth to improve survival rates of premature
infants [1, 2] and (ii) for early detection of respiratory diseases.
Using phase contrast X-ray imaging on beamline 20B2 at
SPring-8, we can clearly observe the internal structure of the
lungs, including the smallest respiratory units (alveoli), with
real-time imaging capabilities (Fig. 1). This has enabled us to
observe lung aeration in prematurely born rabbits to test the
efficacy of different ventilation strategies for resuscitating
newbomn infants at birth. Although our work is preclinical in
nature, our research is already having direct impact in the

F
igure 1. Propagation-based phase contrast X-ray
image of the partially aerated lungs of a newbom
rabbit pup. Propagation distance = 3 m. Energy =
24 keV.

clinical sphere. Some of our discoveries have been included in Government Newbom Resuscitation training

programs in Australia and Europe. Moreover, some of our published strategies for safe neonatal resuscitation

have been recognised in the 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency

Cardiovascular Care Science with Treatment Recommendations [3].

Behind the success of these projects is the development of novel imaging techniques and image processing

algorithms, which have enabled regional lung air volumes to be measured directly from 2D phase contrast

images [4, 5]. These techniques allow us to quantitatively assess how the different regions of the lungs aerate via

spontaneous and ventilator-assisted breathing in real-time at birth. By measuring how completely and uniformly

the lungs acrate we can determine the safest protocols for ventilating premature infants that require respiratory

support.
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