International
Collaboration

Center

Institute for Materials Research
Tohoku University

ICC-IMR FY2023
Activity
Report

https://www.icc-imr.imr.tohoku.ac.jp/



International Collaboration Center

Institute for Materials Research
Tohoku University



CONTENTS 7%

IMASSIONL ~ -+ s o v e e e 02
Committee Members -« - -« -« c v rrrreman e 03
ViSiting Professors -« -« rrrrrrram e 05
WOrKShOPS =+« v e e e 29
Young Researcher Fellowships -« -ccrovrrrmmeeae... 59

Oversea Visit for IMR Young Researchers - --------ovvvevenn 65



.l Mission I

The ICC-IMR was founded in April 2008 as the center for international collaboration
of the Institute for Materials Research (IMR) a center of excellence in material science,
consisting of 27 research groups and five research centers. The ICC-IMR works as a
gateway of diverse collaborations between overseas and IMR researchers. The
ICC-IMR has invited 87 visiting professors and conducted 23 international research
projects since its start-up (please inspect the graph below for more details,). The appli-
cations are open to foreign researchers and the projects are evaluated by a peer-review

process involving international reviewers.

ICC-IMR coordinates five different programs:

1) International Integrated Project Research

2) Visiting Professorships

3) International Workshops

4) Fellowship for Young Researcher and PhD Student
5) Material Transfer Program

We welcome applicants from around the globe to submit proposals!
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Visiting Professors

No. Title in IMR Name Affiliation Host Professor Proposed Research Term
22G6 |Visiting Professor |Junichiro Kono |Rice University, USA Prof. Nojiri  |oPectroscopy of Matterin High 1,55 14 15023 9.30
Magnetic Fields
Institute of Magnetism of Influence of the Chemical
Visiting National Academy of Sciences Composition on the
22G9 |Associate Anna Kosogor |of Ukraine and Ministry of Prof. Umetsu |Magnetocaloric Properties of 2023.5.10-2023.10.31
Professor Education and Science of Metamagnetic Shape Memory
Ukraine, Ukraine Alloys
Developing Resonant Soft X-ray
__ . SLAC National Accelerator . Scattering Technique in Very
23G1 |Visiting Professor [Jun-Sik Lee Laboratory, USA Prof. Nojiri High Magnetic Fields by Using 2023.6.21-2023.7.20
Advanced Pulse Magnet Design
Michael Interdisciplinary Research Phase Diagrams and Competing
23G2 |Visiting Professor|_, .. " Institute of Grenoble (IRIG), Prof. Nojiri Interactions in Complex 2023.10.1-2023.11.30
Zhitomirsky . .
CEA, France Triangular Antiferromagnets
Mohammad Assoc. Prof Modelling Emergent Quantum
23G3 |Visiting Lecturer University of Manchester, UK ) " |Phases in Two-Dimensional 2023.6.16-2023.8.7
Saeed Bahramy Belosludov .
Materials
Electronic Structure and Fermi
23G4 |Visiting Professor (llya Sheikin LNCMI, CNRS, France Prof. Aoki Surfaces of Ce-Based 2023.7.1-2023.9.30
Heavy-Fermion Compounds
Angle-Dependent
Visiting Associate . The Helmholtz Zentrum Dresden|Assoc. Prof. |Magnetoresistance Studies in
23G5 Professor Toni: Helm Rossendorf (HZDR), Germany |Kimata the Spin-Triplet Superconductor 2023.4.1-2024.3.31
UTe,
" Daniel . Calorimetry in Miniature
23G6 |Visiting Professor . . CEA Grenoble, France Prof. Aoki . . 2023.11.6-2023.12.18
Braithwaite Diamond Anvil Cell
Design of Integrated Composite
Visiting Associate Leibniz-Institut fir Electrode Composed of Porous
23G7 9 llya Okulov Werkstofforientierte Prof. Kato Metallic Current Collector and 2024.3.1-2024.3.29
Professor . . .
Technologien (IWT), Germany Nanoscale Active Ceramic
Material
Visiting Assistant Dissimilar Bonding via 3D
23G8 9 Soo-Hyun Joo |Dankook University, Korea Prof. Kato Interconnected Structures of 2024.1.30-2024.2.27

Professor
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Spectroscopy of Matter in High Magnetic Fields

We report on near-infrared and visible spectroscopy in high magnetic fields. The acquisition of the 50 T
pulsed magnet combined with the IR-VIS spectroscopy system has been improved from one data point
per magnetic pulse shot to twelve data points in a single magnet pulse shot. The g-factor and the
diamagnetic shift have been measured in two-dimensional Ruddlesden-Popper perovskites.

The two-dimensional (2D) Ruddlesden-Popper
(RP) perovskites form quantum wells by
sandwiching inorganic-organic perovskite layers
used in photovoltaic devices between organic
layers [1]. The perovskite layer thickness defined
by the integer value n in (BA)2(MA)n-1Pb n I3+
determines their optical properties. Here,
investigated samples with n=5 using IR-VIS
magnetospectroscopy up to 40 T.

The 50 T-capable RAMBO-II IR/VIS magnet
produces a nearly 2 ms duration asymmetric
magnetic field pulse (see Fig. 1) at intervals of 57

seconds for every Tesla above 7 Tesla at the peak.

The scale of access to this magnet compared to
the limited time available at national facilities is an
incredible boon and enables us to specialize the
surrounding experiment to be even more efficient
in data collection. Our experimental system can
measure magneto-optical properties at 14 distinct
times in 12 different fields during a single pulse.
An entire field sweep can thus be accomplished
with a single button press. Due to the increasing
resistance from Joule heating, the asymmetric
pulse shape gives slower rates of change in
magnetic field and increases the time available to
sample more fields with less variation.

Figure 1a) shows the magnetic pulse profile in
blue. Laser pulses are in red, and camera
exposure intervals are in orange. The data can be
acquired by the CCD camera (see images in
Fig.1b)) for each laser pulse shown Fig. 1a). The
inset in Fig. 1 shows the distribution of magnetic
fields that can currently be sampled from one 40
T pulse. The pulse shape does not scale linearly,
but the distribution at 50T is expected to be
comparable. In this way, all the magneto-optical
data for material across the full -50 to +50T range,
o* and o (circularly polarized light), at a given
temperature can be taken with only four pulses of
the magnet. The final incremental upgrade to 50
T is also expected to coincide with additional
experimental improvements, increasing the
acquisition rate of spectroscopic data and, thus,
the total number and density of sampled fields.

The 50T IR/VIS system is first applied to
studying 2D RP perovskites. In these hybrid solar
cell materials, layers of methylammonium lead
iodide are stacked between insulating layers of
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Fig. 1. a) Magnetic pulse profile (blue) together with light pulse
train (red) and exposure intervals (orange). Black dots with
error bars show magnetic fields for which data can be
acquired for a single magnetic pulse shot. The inset shows
the distribution of fields that can be sampled from a single
magnetic pulse with the 40T peak field. b) Each image is a
frame taken by the camera, corresponding to a sampling of
the magnetic field in the a) plot.

butylammonium to create a pseudo-quantum-
well structure. The inclusion of butylammonium
provides additional chemical stability to the
famously reactive perovskite, but the 2D
confinement enhances the exciton interaction —
increasing their binding energy and reducing the
rate of free carrier escape under photoexcitation.

The studies of the diamagnetic shift via
magnetospectroscopy grant insight into the
changing size of the exciton at different
temperatures, which we are using as part of a
paper-in-preparation to make some predictions
about the much harder-to-measure exciton
binding energy in these materials. This
experimental setup has allowed us to experiment
with a broad set of permutations on material
parameters, namely stacking order, orientation,
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and temperature. The number of measurements
this growing parameter space requires becomes
prohibitive when experiment time is limited at a
high magnetic field facility but can be
accommodated with in-house experiments.
Figure 2a) shows an image mounted into a 50
T magnet. The sample is situated on the sapphire
pipe connected to the sample cryostat. The
transmitted light is collected using the fiber
located right below the sample. We have
conducted transmission experiments for both
right and left circularly polarized light in the -40 T
and + 40 T magnetic field ranges. Figure 2b)
shows exemplary data for the exciton attenuated
of 2D RP perovskite n=5, at 0, +40 T for right and
left circularly polarized light. As one can see, the
exciton peaks shift in opposite directions based
on light chirality, but this shift is asymmetric due
to a larger contrition of diamagnetic shift.
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Fig. 2. a) an optical image of a 50T coil with the mounted
sample. b) Attenuance spectra of (BA)2(MA),.1Pb , I3n+1 for n=5
at 0 T and 40 T for two circular polarizations. c) Exciton peak
shift as a function of magnetic field for two circular
polarizations. The dashed line is the fit.
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Figure 2c) summarizes exciton peak shift as a
function of the magnetic field at different light
polarizations. The data was fitted to the equation

(2]: )
E=E(B=0) izguBB + 0yB?,

resultingin g = 2.7 and ¢ = 1.6 pueV/T2,

References
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Influence of Chemical Composition on the Functional
Properties of NisoMnsoxSbx Metamagnetic Shape

Memory Alloys

Sb addition fo AFM NisosMnso alloy induces FM interaction and lowers Néel temperature.
Dependence of Néel temperature on Sb content was computed for NisoMnsoxSox alloys.

Temperature-composition phase diagram of

NisoMnsoxSbx  system was constructed.

Competing AFM and FM interactions lead to a spin glass state. Magnetic ordering significantly
affects low-temperature specific heat and electronic coefficient.

Ni-Mn-based magnetic shape memory
alloys possess distinctive properties such as
the magnetocaloric effect, elastocaloric
effect, shape memory effect, superelasticity,
and giant magnetoresistance, making them
highly promising for various applications.
Among these, the Ni-Mn-Z (Z = In, Sn, Sb)
system is notable for its rich phase diagram
and the possibility to tailor its functional
properties through alloying with Z elements.
In  particular, in  NisoMnsoxZx alloys, the
martensitic fransformation (MT) occurs at
lower Z concenftrations, whereas higher Z
concentrations keep the alloy in a parent
ferromagnetic (FM) austenitic phase. The
low-temperature  martensitic  phase  of
NisoMnsoxZx alloys remains a topic of ongoing
research.

In this work, we have conducted a
comprehensive study on NisoMnsoxSbx alloys
[2]. Through a combination of magnetization
experiments, differential scanning
calorimetry, low-temperature specific heat
measurements, along with its theorefical
analysis, we have elucidated the infricate
magnetic and electronic properties of this
alloy system. Our primary objective has been
to unravel the fundamental aspects of
magnetic transitions within  the Ni-Mn-Sb
alloy system. Additionally, we have
constructed a temperature-concentration
phase diagram for Ni-Mn-Sb alloys, thereby
confributing tfo a more  thorough
understanding of its phase behavior.

The altering Sb content in NisoMnsoxSbx
alloys induces variations in  magnetic
interactions and phase transitions. The
addition of Sb to NisoMnso, which is collinear
antiferromagnet (AFM) with a high Néel
temperature, induces ferromagnetic
interaction and leads to the decrease of
Néel temperature. The compositional
dependence of Néel temperature was
computed from magnetic data. Increasing
Sb content reduces characteristic
temperatures for AFM interaction and
elevates characteristic temperatures for FM
interaction. Fig. 1 displays the characteristic

1

temperature of AFM (blue region) and FM
(red region) interaction in  NisoMnsoxSbx
system. The overlap of these regions gives
rise to a spin glass state [2]. The blue line
corresponds to MT transition temperature.
We identified six distinct magnetic phases in
the NisoMnsoxSbx  system depending on
temperature and Sb concentration as
shown in Fig. 1. It includes: anfiferromagnetic
martensite  (AFM M),  paramagnetic
martensite (PM M), ferromagnetic
martensite (FM M), spin glass or blocking
state (SG or BS) within the martensitic state,
and paramagnetic austenite (PM A) and
ferromagnetic austenite (FM A) within the
austenitic state.
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Fig. 1 The AFM (blue region) and FM (red region)

inferactions in NisoMnsoxSbx system giving rise to spin glass
state (pink region). Characteristic temperatures of AFM
interaction: computed (black circles) and estimated from
experiments (open circles).

The  experimental investigation  of
low-temperature specific heat of metallic
alloys is of considerable significance due to
its close connectfion to the underlying
electronic properties. Indeed, the analysis of
measurements of low-temperature specific
heat is commonly used for the empirical
estimation of electronic specific heat
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coefficient y and Debye temperature To.
However, in the case of consideration of
magnetic solid the influence of the
magnetic ordering should be accurately
accounted for the proper estimation of the
electronic, lattice, and magnetic
confributions to the specific heat [3].
Understanding specific heat behavior in
relation to magnetic ordering is crucial for
characterizing the thermodynamic and
electronic properties of magnetic materials.
This influence is especially pronounced for
metamagnetic Ni-Mn-Z (Z = In, Sn, Sb) alloys,
where the drastic changes in the magnetic
characteristics occur depending on Z
concentration.

In present work it has been shown that
low-temperature specific heat measured for
NisoMnsoxSlox alloys with x 217 being in the
FM parent state is significantly different from
that measured for the alloys, with x< 16,

being in martensitic phase with weak
magnetism. Through a detailed
experimental analysis and theoretical
considerations, we aim to accurately

estimate the electronic, magnetic and
lattice contributions to low-temperature
specific heat and explore the dependence
of the y and To on Sb content in both parent
and martensite phases [2].
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The procedure for the evaluation of the
magnetic part of the specific heat of FM
solid was elaborated in [3]. The application
of this procedure to different NisoMnsoxSbx
alloys resulted in the concentration
dependence of electronic specific heat
coefficient and Debye temperature shown
in Fig. 2. For the FM austenite region, the
filled circles represent the electronic specific
heat coefficient and Debye temperature
calculated with the account of the
magnetic conftribution to specific heat
(non-linear fit), while open circles denote
results from the linear fit, which excludes the
magnetic system's confribution. It is seen
that disregard of the magnetic contribution
in this phase results in an overestimation of
the electronic coefficient by a factor of 2
and noficeable underestimation of the
Debye temperature.

Importantly, the described behavior may
extend to other NisoMnsoxZx (Z = In, Sn) alloys,
where the addition of Z elements leads to
the intfroduction of ferromagnetic
interaction.

The results of this collaborative study were
published in [2], and support from ICC-IMR
was acknowledged.
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Fig. 2 Evaluated electronic specific heat coefficient
y and Debye temperature Tp of NisoMnsoxSbx alloys
as a function of concentration x. The filled circles
show y and Tp estimated with the account of
magnetic contribution to the specific heat
(non-linear fit), while the open circles correspond to
the linear fit, which disregards the contribution of
magnetic system. Lines are guides for eyes.
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Title: Developing resonant soft x-ray scattering technique in very
high magnetic fields by using advanced pulse magnet design

Introductory part: (Abstract) The IMR team’s extensive efforts have established the well-established
use of X-ray techniques with a pulsed field magnet to explore complex phenomena in quantum
materials. Here, we proposed moving one step further and developing a pulsed magnet with resonant

soft X-ray scattering,

enhancing our understanding of correlated electrons,

particularly in

high-temperature superconductors, under unprecedented magnetic fields.

Combining x-ray techniques with a magnetic field
provides a groundbreaking set of advanced
probes for quantum materials. This approach
offers unique opportunities to unveil profound
scientific phenomena, such as complex and
exotic states in strongly correlated electron
systems. When an applied magnetic field (H)
reaches  approximately 50  Tesla, its
corresponding Zeeman energy (~70 K)

approaches the perturbation of the phonon effect.

This field strength aligns well with the energy
scales of several phenomena observed in
high-temperature superconductivity (HTSC) and
other quantum materials. Despite this potential,
conducting X-ray scattering experiments at fields
greater than H = 20 Tesla presents significant
technical challenges due to limitations in
conventional superconducting DC magnets.
Furthermore, x-ray  spectroscopy  under
moderate magnetic fields to investigate
correlated electron phenomena in quantum
materials remains a highly desired but
unachieved goal.

Proposed Development: | proposed developing
a pulsed magnet to achieve state-of-the-art X-ray
instrumentation at SLAC with both macroscopic
and microscopic sensitivities for investigating
quantum materials. A team at the Institute for
Materials Research (IMR) at Tohoku University,
led by Professor Nojiri, is uniquely positioned to
implement this development. The critical
innovation involves integrating a 30 Tesla,
ultimately 50 Tesla, pulse magnet with a
resonant soft x-ray scattering (RSXS) setup. This
development will enable the exploration of
correlated electrons and corresponding bonding
phenomena in high-Tc superconductors, such as
intertwined self-organization forms, for example,
charge-density wave (CDW) or its stripe-order,
under unprecedented magnetic field strengths.

Project Plan: | outlined a one-month project for
this magnet development at IMR/Tohoku. During
my visit, we, together with the Nojiri team,
focused on designing and engineering a
prototype of the pulsed magnet for RSXS (see
Figure 1). Since the soft x-ray has a short
wavelength, it was critical to define the scattering

1

geometry properly. In this sense, we adopted the
concept of the split-pair type magnet. Also, the
magnet will be rotated with the sample through a
different rotation stage to maintain proper open
angles.

a
Beamout

Beam in

A E{g;

Beam out

Fig. 1: a. Designed split-pair magnet for RXSX. b., The
initial prototype magnet was made by the Nojiri team._

Upon returning to the home institute at SLAC, |
started to design other setups for integrating the
magnet into the x-ray setup (Figure 2).
Meanwhile, prof. Nojiri and | used the developed
RSXS instrumentation for HTSC case studies.
As a demonstration, we will initially explore the
self-organization forms of paired 3d-electrons in
copper-oxide compounds (Y-based cuprate)
using RSXS under 30 Tesla. The expected test

Fig. 2: a. Schematic drawing for integrating the magnet
inside a scattering chamber. b., The designed RSXS
setup.

run will be by the end of 2024.

Significance and Impact: The discovery and
utilization of functional materials are vital to our
technology-rich society. Materials with strongly
correlated electronic systems have the potential
to offer new functionalities and pathways to
applications. For instance, research on quantum
materials paves the way for functional quantum
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computers, resistance-free electricity, and many
other potentially transformative applications.
Unique system-level behavior and related
functional properties generally emerge from the
intercoupling behavior among constituents such
as spin, orbital, charge, and lattice. Our team
ultimately discovered a remarkable 3D
arrangement of a material’s electrons closely
linked to the phenomenon of high-temperature
superconductivity [1-3].

While investigating the role of CDW in HTSC in
the past [1-10], | encountered a limitation related
to the sample environment. This is because not
only is the magnetic field strength low, but also
the spectroscopic information is lacking. Despite
our previous efforts [1-3, 9, 10], most of the high
magnetic field scattering experiments have been
performed at a hard x-ray range, particularly the
non-resonant x-ray scattering regimes. Through
this proposed development, indeed, we believe
that we could overcome the limitation. In
particular, the resonant process will shed new
light on microscopic information on the
field-induced phenomena in high-Tc cuprates,
such as the 3D CDW order [1-3].

Conclusion: Given my experience, including the
Nojiri team's expertise, | believe the proposed
development and its successful demonstration
can reveal new quantum phases of matter,
potentially altering our understanding of the
essential physics regarding the mother state in
HTSC. Furthermore, the success of this project
could reshape our understanding of quantum
materials and pave the way for transformative
technological applications.
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Theory of the orthogonal magnetic structure in GdBa

Geometrical magnetic frustration combined with competing anisotropies leads to a rich and complex
behavior of rare-earth tetraborides RB.. In our study we focus on GdB.4, which exhibits a chiral spin cross
antiferromagnetic state in zero magnetic field. We develop a microscopic spin model that explains the
origin of this unusual 90° magnetic structure and study the magnetization process in high magnetic fields.

Metallic rare-earth tetraborides exhibit interesting magnetic and electrical properties. Their crystal
lattice can be viewed as an array of two-dimensional layers of orthogonal dimers formed by pairs of
nearest-negihbor magnetic rare earths, see Fig. 1. This lattice is topologically equivalent to the famous
Shastry-Sutherland lattice, which in the case of small spins 5 = 1/2 and antiferromagnetic interactions
hosts an exact spin-liquid state [1]. Rare-earth tetraborides provide an experimental realization of the
Shastry-Sutherland model with large spins. GdB; is a special member of the tetraboride family, which
possess a unique 90° spin structure in zero magnetic field shown in Figure 1 [2]. The origin of such a chiral
antiferromagnetic structure as well as the behavior in high magnetic fields [3] remain unexplained to date.
In our recent study [4] supported by ICC-IMR, Tohoku University, we address these fundamental
questions related to GdB, and other planar tetraborides like TbBa.

Gadolinium 4/ ions have the electronic configuration and are described by the spin-only magnetic
“moments with S = 7/2. The minimal spin model for GdBs must include at least two exchange constants J;
and .J: corresponding to interactions inside and between dimer pairs, see Fig. 1. In the tetragonal crystal
lattice of tetraboriodes, the local symmetry on rare-earth sites is only orthorhombic. Accordingly, the
lowest-order crystal-field Hamiltonian has a biaxial form:

H=> J;8:8;+> D,;-(8;x8,)+>_[DSF+E(S7*-5")] (1)
{i7) (i5) i

In addition to the exchange and the single-ion terms [ the above spin Hamiltonian includes the
antisymmetric Dzyaloshinskii-Moriya (DM) interactions, which is responsible for a specific chirality in the
spin cross state. The DM interactions are forbidden on the dimer bonds because of the inversion symmetry
with respect to the bond center. Such symmetry is not present on the second neighbor bonds.
Furthermore, because the ab plane is the mirror plane, the DM vectors on the second-neighbor bonds
must be parallel to the = axis. The corresponding sign convention for the antisymmetric couplings is
indicated by arrows on the second neighbor bonds (Fig.1).

We have used the spin Hamiltonian (1) to compute the basic properties of GdBa. The observed
90° spin structure is stabilized by a negative in-plane anisotropy constant £ < (. The chiral state is favored
by the positive DM constant D= > 0. Values of the microscopic parameters /1, J: and D are constrained by
the Curie-Weiss temperature 8 = —67 K in GdB4 and the measured values of the saturation field /., = 52
T for H // [100] and 54T for /4 // [001] [3]. This procedure gives . = 8K, .J» = 0.9K, D = 0.45K, E = 0.1K. We
further theoretically simulated the magnetization process in GdBa by performing energy minimization on
finite lattice clusters starting with random spin configurations. The calculated M(H) curves are presented
in the middle and the right panels of Figure 1.
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Fig. 1. Left panel: Lattice of gadolinium atoms in GdB.. Red arrows show the ordered magnetic moments as observed in the neutron
diffraction experiments [2]._ Middle panel: Magnetization curves M(H) computed for the spin model (1) of GdB, with J, = 8K, J4 = 0.9K
D = 045K, E = -0.1K for different orientations of an applied field. For H AT100] the magnetization develops a transverse componeant

above the spin-flop transition at 10T, Right panel: Comparison of the theoretical results to the experimental data [3)
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Using our spin model we were able to successfully describe the magnetization process in GdB.
for all three principal orientations of the field. Furthermore, we explain an unusual feature on the curve H
//[110] as the spin-flop transition, which affects only a half of Gd spins. The Monte Carlo simulations of
the spin model (1) are under way and will further help to validate our set of microscopic parameters by
comparing to the observed transition temperature in zero magnetic field.
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Magnetically Controllable Two-Dimensional Spin Transport in a 3D

Crystal

Two-dimensional quantum materials have become a new paradigm in condensed matter
physics, offering exciting device applications. Stabilizihg and controling these phases,
however, has proven challenging. Here, we propose an innovative method to realize an
externally controllable quasi-two-dimensional electronic state with topologically non-trivial

spin  fextures in a fthree-dimensional

perovskite. We

further explore their potential

implementations in various spinfronic applications.

Over the past few years, my group af the
University of Manchester has closely
collaborated  with Professor  Rodion
Belosludov's team at IMR on several projects
focused on modeling emergent quantum
phenomena in  two-dimensional  (2D)
materials [1-3]. This collaboration has
leveraged the state-of-the-art
computational facilities at IMR's Center for
Computational Materials Research (CCMS).
My visit during the summer of 2023 provided
an exceptional opportunity to solidify our
joint research on a specific group of
Perovskite compounds, establishing them as
ideal spintronic candidates for 2D spin
fransport with novel topological properties
[4].

During this visit, our research focused on
EuosTaOs, a prototypical system related to
conventional ABOs3 perovskites such as SrTiOs
and KTaO3. In EuosTaOs, however, the A site
is half-filled by the magnetic rare-earth
element Eu. As a result, the primitive cell of
EuosTaOs consists of two distorted TaO3
octahedra sandwiching a Eu layer, stacked
alfernately along the crystalline c-axis. This

(a) 2 (c)
(K)=VV,x k

/N

structure leads to the system being dubbed
a fractional double perovskite [4].

A key feature of EuosTaOs is ifs strong
atomic spin-orbit interaction from Ta ions.
When combined with the local inversion
asymmetry of their TaO3 octahedra, this
interaction creates two spatially separated
Rashba fields with opposite chiralities, as
shown in Figure 1. Additionally, the large
local Eu 4f-orbital magnetic  moments
facilitate a delicate yet profound magnetic
exchange coupling with the Ta charge
carriers  through a  proximity-induced
mechanism known as the Ruderman-Kittel-
Kasuya-Yosida (RKKY) exchange interaction.
Our first-principles calculations revealed [4]
that by controlling the interplay between the
infrinsic Rashba fields experienced by the
charge carriers and the RKKY exchange
coupling they mediate among the local Eu
magnetic moments through an external
magnetic field, they can form quasi-2D
energy pockets with topologically non-trivial
characteristics, manifested as alternating
monopole-anti-monopole-like spin textures,
as shown in Fig. 1.
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Fig 1. (a) Rashba fields and (b) monopole-anti-monopole-like spin textures in Eu0.5TaO3 conduction
bands. The Berry-curvature-projected low-energy electronic structure of Eu0.5TaO3 (c), forming
quasi-2D electron gases (d). The resulting Anomalous Hall conductivity is shown in (e).

1



Hyy {

Rmax
Soried |t ¥/6.Field D
-F1 & - Rmin o
% m

ICC-IMR FY2023 Activity Report

()

AMR

A \|BC —
- PHE
z [\ /\ AD —

x

¥ 100% MU lcE

B-Field 0 T 2n

y @

Fig. 2. Spintronic device applications for EuxTaO3. (a) Spin polarizer, generic non-spin polarized current
enters material and is spin-polarized along the applied magnetic field B. (b) Inter-facial spin valve,
EuxTaOs has itinerant feromagnetic (FM) contacts at either end, with a thin non-magnetic (NM) layer
separatfing them. As fransport across the FM-NM-EuxTaOs junction leads to spin scattering, as shown in
the insetf, adjusting the polar angle of B, and thus adjusting the relative angle between the
magnetizations, manipulatfes the resistance across the device. (c) Spin transistor, current flows around
the device from A to C under the influence of an angularly variable B.

Focusing on transport phenomena, we
demonstrated that this quasi-2D behavior
leads to various anomalies in charge
conductivity, including divergent quantum
oscillations and an oscillating Seebeck
effect. Both effects were proposed as
possible probes to observe the interplay
experimentally. Furthermore, our
calculations suggest that this system and
similar materials could exhibit an intrinsic
Anomalous Hall Effect (AHE) with «
non-monotonic dependence on the charge
carrier, offering the possibility of a tunable
AHE [4]; See Fig. 1. The origin of this AHE is not
fully explained and remains a key area of
our ongoing research collaboration.

The remarkable level of controllability over
the fermiology and magnetic properties of
Eu0.5TaO3 makes this system an ideal
candidate for realizing quasi-2D electron
gases, applicable in cutting-edge spinfronic
devices. Inspired by these findings, we
proposed several device applications
incorporating Eu0.5Ta03, such as spin
polarizers, spin fransistors, and interfacial spin
valves [4], as shown in Fig. 2.

Building on these findings, we are
currently  investigating the topological
properties of fractional perovskites in more
detail and searching for similar materials
exhibiting such quantum properties. Through
our collaboration with colleagues at IMR, we
are confident that our findings can pave the
way for establishing a new platform for
spintronics with advanced device

functionalities suitable for future energy and
quantum information technologies.

Acknowledgement: | gratefully acknowledge the
CCMS team at IMR for allocations on the
MASAMUNE-IMR supercomputer system (Project no.
202112-SCKXX-0510).
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Fermi Surfaces Detected by de Haas-van Alphen Experiments in

U2Rhing

We succeeded in growing high quality single crystals of the heavy fermion antiferromagnet

U2Rhing and performed the de Haas-van Alphen

(dHVA) experiments. The angular

dependence of dHVA frequencies reveals quasi-two dimensional Fermi surfaces as well as small
Fermi surfaces. The effective masses are in the range from 2 to 14mo for the field along c-axis.
The experimental results are compared with the LDA band structure calculations associated
with both paramagnetic and antiferromagnetic Brillouin zone.

Uranium based heavy fermion compounds
exhibit a variety of ground states including the
coexistence of ferromagnetism and
superconductivity (URhGe, UCoGe, UGe2),
hidden order (URu2Siz2) and more recently a new
spin-triplet superconductor UTe2. The electronic
structures, in  particular Fermi  surface
dimensionality, is a key ingredient to understand
such unusual physical properties[1].

In Ce-based heavy fermion superconductors, a
prototype is so-called Ce115 and Ce218 systems,
which form CeTlIns (T: transition metal) and
Ce2Tlns, respectively. The structure of CeTlns
consists of Celns and TInz layers, and thus the
quasi-two dimensional Fermi surfaces are
expected. Indeed, the dHVA experiments
revealed the quasi-two-dimensional Fermi
surfaces with heavy effective masses in CeColns
and Celrlns, which agree well with the results
band structure calculations based on the 4f-

2 T T T T T T T
(@)
U2Rh1n8

! T=63 mK
B|lc

Oscillatory signal (arb. units)
. =)

2 L L L L L L L

dHvVA amplitude (arb. units)
N
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dHvVA frequency (kT)

Fig. 1 (a) dHvA oscillations for the field along
c-axis in U2Rhing and (b) the corresponding
FFT soectrum

itinerant model. In the antiferromagnet CeRhlins,
the Fermi surfaces consist of the quasi-two
dimensional Fermi surfaces as well, which are
explained by the band calculations based on the
4f-localized model. The 4f-itinerant and -localized
Fermi surfaces are an important issue from the
theoretical point of view related to the “large” and
“small” Fermi surfaces.

In Ce2Tlns, the crystal structure can be
considered as the stacking of two layers of Celns
and TIn2. The degrees of two dimensionality is
less than that in CeTlns, as it is confirmed by the
dHVA experiments[2,3,4].

U2RhlIng crystalizes into a tetragonal crystal
structure with space group P4/mmm (#123). It
undergoes an antiferromagnetic transition at a
Neel temperature Tn = 117 K. The Sommerfeld
coefficient y = 47 mJ K2 mol' is rather large given
the high Neel temperature. The magnetic
structure determined by single-crystal neutron
diffraction is commensurate with propagation
vector Q = (1/2, 1/2, 0) and magnetic moments
aligned along the c axis.

In order to clarify the electronic structure of
Uz2RhIns through the dHVA experiments, first we
grew high quality single crystals using the In self-
flux method. The resistivity and specific heat
measurements clearly show the
antiferromagnetic transition at Tn=117K without
contaminations of Ulns and URhIns as impurty
phases. The high quality was demonstrated by
the large residual resistivity ratio (RRR=700).

A plate-shaped single crystal was placed in a
pickup coil to perform the dHvA experiments with
the field-modulation technique. The dHVA
experiments were done using a top-loading
dilution fridge at low temperature down to 60mK
and at high fields up to 15T.

Figure 1(a) shows the typical dHVA oscillations
for the field along c-axis. The oscillations are
already visible at low field, 6T, indicating the high
quality of our sample. The corresponding FFT
spectrum is shown in Fig.1(b). One can see
fundamental dHvA branches named n, ¢, C, 6, v,
B, a as well as the harmonics and
sum/subtraction of fundamental branches. The
large Fermi surfaces, n, ¢, ¢, d, y, correspond to
the main Fermi surfaces.

Figure 2 shows the angular dependence of the
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Fig. 2 Angular dependence of the dHVA
frequencies in U2Rhins.

dHVA frequencies. It should be noted that the
experiments were done in the antiferromagnetic
state, which changes the paramagnetic Brillouin
zone into the antiferromagnetic Brillouin zone.

The main dHvA branches, n, € ¢, 9O, v,
correspond to two kinds of quasi-two-dimensional
Fermi surfaces, in which the frequencies
approximately follow 1/cos® dependence. The
angular dependence of these frequencies is
much larger than those expected in the
antiferromagnetic Brillouin zone. Therefore the
magnetic breakdown must occur at high fields.

Indeed, according to the band structure
calculations, the magnetic breakdown is
expected in the Brillouin zone boundaries.

From the temperature dependence of the dHvVA
amplitude, the cyclotron effective masses are
determined for the field along c-axis. The masses
are 4.3, 6.8, 6.7, 3.5 and 3.1mo for branches n, ¢,
¢, 0, and vy, respectively. These values are
consistent with the Sommerfeld coefficient, 47 mJ
K-2 mol', indicating that main Fermi surfaces are
detected in this experiment.

This work was done in collaboration with D.
Aoki, H. Harima, Y. Homma.
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Angle-Dependent Magnetoresistance Studies on the Spin-Triplet

Superconductor UTez

The spin-triplet superconductor UTe2 has attracted significant attention recently as a host of
various superconducting phases that emerge depending on temperature, pressure, magnetic
field strength and orientation. In this project, we explored electric-magnetotransport response

of high-quality UTe2 single-crystals

in magnetic fields up to 25 T af the magnet laboratory of

the Institute of Material Research at Tohoku University. We discovered so-called angle-
dependent magnetoresistance oscillations originating from a coherent two-dimensional Fermi
surface and Shubnikov-de Haas oscillations in the c-axis resistivity that provide deep insights

into the electronic properties of UTex.

Recently found high-field superconducting
phases of the heavy-fermion spin-triplet
superconductor, UTez, have been attracting
much attention [1-3]. Various distinct field-
induced phases, i.e., the field re-entrant
superconducting (FRSC) phase for B| | b-axis,
and spin-polarized superconducting phase
(SPSC) above the metamagnetic fransition
(Bm ~ 35 T) with ~30° tilted magnetic field from
b to c, are confirmed. We recently revealed
a correlation between the emergence of the
SPSC and its upper critical field He2 and a
vanishing anomalous Hall effect (AHE) signal
in the angle dependence of UTe: (see Fig.
1a) pointing at a potential compensation
mechanism for this exciting high-field phase
[4]. To reveal the origin of these field-induced
superconducting phases, investigation of
electronic properties and their changes
induced by magnetic field the field
orientation is essential. Especially magnetic
guantum oscillations may help to understand
the Fermi surface and its relation fo the
various ground states [5]

High-quality single crystals grown by the
molten-flux-flow method are available with
superconducting Tc of 2.1K. In order to
measure electrical transport precisely, we
were provided with high quality-single single
crystals from Prof. D. Aoki (IMR-Oarai, Tohoku
University) opfimized for c-axis resistivity
measurements. Spot-welding gold leads to
the samples achieved low-ohmic contacts.

As can be seen in the right panel, we have
recently established to fabricate micron-
scale transport structures from high-quality
single-crystals with ohmic contacts by the
help of FIB suitable for magnetofransport
experiments.

We ran transport experiments in three
different magnet systems, in the all-
superconducting 20T and 15T magnets as
well as in the 25T hybrid magnet, all
equipped with Helium-3 inserts and a 2-axis
rotator probe.

As presented in Fig. Ta we recorded the
angle-dependent magnetoresistance (AMR)
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Fig.1 Angle-dependent magnetoresis-
tance oscillations (AMROs) recorded in the
20T  superconducting magnet  with
contfinuously varying € between 0 and 180°
(6=90° =B]| |c), (a) at 19T fixed field for
various fixed inplane angles ¢, (b) af ¢=0°
(i.e. within the a,cplane) for various
magnetic fields between 15 and 19 T. (c)
Comparison of AMROs at ¢ =5°% (lower
panel) Resistance R versus 6, (upper panel)
R and d2rR/d# plotted against tan(0). (d)
Sketch of the warped 2D Fermi-surface
cylinders according to ref. [5].

of the inter-layer (i.e. c-axis) resistance versus
the polar rotation angle, 6, recorded at fixed
field and various fixed inplane angles, ¢. For
¢=0° clear oscillation-like features are
discernible on top of a slowly varying AMR
background with a local minimum around
30 <9< 60°. A first weak maximum can be
spotted at 50° followed by a few more for
higher angles. Above 90° a mirrored AMR is
found (expected from the orthorhombic
crystal symmetry). We were able to check
these AMROs for different angles and fields
(Fig. 1b). The semi-classical AMROs are
expected to be periodic in tand. This is
confirmed by the comparison in Fig. 1c. The
observed AMRO confirm the presence of



warped 2D Fermi-surface cylinders in the
band structure of UTez. We are currently
analyzing these data and a publication is
underway.

As can be seen in Fig. 2a slow Shubnikov-de
Haas (SdH) oscillations with a frequency of
approximately 90T in the C-axis
magnetoresistance were observed for the
field oriented along the a-axis. This direction
is perpendicular to the orientation of the 2D
Fermi surface cylinders responsible for the
AMROs shown above. We were able to trace
these oscillations for different angles within
the a,b- and the a,c-planes (see Fig.2a, b
and d, respectively). The low frequency
indicates a very small cyclotron orbits
associated with a small Fermi surface. The
value is incompatible with the large cylinders
reported previously reported from de Haas-
van Alphen oscillation measurements [6].
Such a small oscillation frequency may
originate from a small 3D Fermi surface
suggested from previous photo-emission
experiments [7] and high-field tunnel-diode-
oscillator  experiments [8]. From the
temperature dependence of the oscillation
amplitude (shown in Fig.2b and c) we
extracted a rather light effective mass of
about 1.5 times the free electron mass, me.
This low value matches previous reports in ref.
[5], where such a small cyclotron orbit was
associated  with  quanfum interference
oscillations between electron- and hole-like
2D-Fermi-surface cylinders. We were able to
trace the oscillations up to inplane angles of
about 45°. In the a,c-plane the oscillations
disappeared rather quickly already within
only a few degrees away from the B| |a
direction. We are currently analyzing the
observed data and are trying to compare
them to band-structure calculations. An

additional  publication is  underway.
Therefore, our observations  provide
extremely valuable insights info the

electronic properties of UTez.

In summary, we were able to observe angle-
dependent magnetoresistance oscillations
and the Shubnikov de Haas effect in the c-
axis resistivity of single crystalline UTez2. The
comprehensive studies of the effects
depending on field, field orientation, and
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Fig.2 SAH oscillations after subtraction of
an O(2) polynomial fit (a) for different inplane
angles ¢ (within the a.,b plane), recorded in
the 20T superconducting magnet (b) for
different temperature, recorded in the 15T
superconducting magnet. (c) Effective-mass
plot: Oscillation amplitude at 12.26T for
various temperatures ranging from 0.6 to 3 K.
(d) SdH oscillations recorded in the 25T
hybrid magnet for three different polar
angles @ (within the a,c plane).

temperature has resulted in a profound
understanding of the electronic ground state
in UTez. Experiments at even higher fields are
highly desirable in order to learn more about
the evolution of the Fermi surface, potentially
also once the system transitions into the high-
field spin-polarized phase above the
metamagnetic transition field Bm~35T. |
the future we would also like to study Hall
effect and quantum oscillations at dilution
temperatures in order to learn more about
UTea.
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Link between high field reentrant superconductivity and multiple
superconductivity under pressure in UTez

We conducted AC calorimetry measurements under high magnetic fields and pressure on
the spin-friplet superconductor UTez. With increasing pressure, the field-reentrant
superconducting phase observed at ambient pressure for the field along the b-axis shifts to a
lower field and higher temperature region, revealing double superconducting fransitions at
high pressure. These results indicate that the high-field reentrant superconducting phase is

identical to the high-temperature superconducting phase under pressure.

Recent discovery of superconductivity in UTe2
attract much attention, because of its unusual
superconducting properties. UTez is a heavy
fermion paramagnet with the Sommerfeld
coefficient y ~ 120 mJ K2 mol. It crystallizes in
the orthorhombic structure with the space group
Immm. Although it is a body-centered structure,
the inversion center is not located at the atomic
site, meaning that the local inversion symmetry is
broken. Superconductivity occurs at Tc=1.6-2.1K.
It had been suggested that UTe2 is an end
member of ferromagnetic superconductors,
UCoGe, URhGe, and UGez. The ferromagnetic
fluctuations are, however, not experimentally
established, while the antiferromagnetic
fluctuations with an incommensurate wave-vector
is detected by the inelastic neutron scattering
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Fig. 1 (a) H-T phase diagram for the fied along b-axis at
ambient pressure in UTez. (b) T-P phase diagram af zero
field.
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experiments.

The huge superconducting upper critical field
Hc2 and the multiple superconducting phases are
a strong support for the spin-triplet state of
superconductivity in UTez. When the field is
applied along the b-axis, which is a hard-
magnetization axis, the Hc2 curve shows the field-
reentrant behavior above 15T, and it continues up
to 35T, at which the first order metamagnetic
transition occurs. The superconducting phase is
abruptly suppressed above 35T.

Fig. 2 Photograph of a miniature pressure cell
placed on the horizontal rotator for PPMS

As shown in Fig.1(a), our recent specific
heat measurements [1] reveals that there is a
phase boundary between the field-reentrant
superconductivity and low-field
superconductivity, indicating multiple
superconducting phases as thermodynamic
evidence.

On the other hand, the multiple
superconductivity is initially found under
pressure through our AC calorimetry

measurements [2,3]. As shown in Fig.1(b),
with increasing pressure, Tc splits at relatively
low pressure, ~0.2GPa. The low temperature
Tc continuously decreases, while the high
temperature Tc increases, reaching a broad
maximum, Tc~3K at around 1GPa, and then
decreases. At the critical pressure, Pc~1.5GPa,
superconducting phases are  abruptly
suppressed, and the antiferromagnetic state is
realized.

It is important to study this rich phase
diagram through a thermodynamic method



with fine tuning pressure, field direction using
high quality single crystals. In this study, we
performed the AC calorimetry measurements for
the field along the b-axis under pressure.

Our first target is to develop a miniature
pressure cell, which can be rotated at high fields
and at low temperatures. Figure 2 shows a
photograph of our miniature pressure cell, which
is placed on the horizontal axis rotator for PPMS.
The first attempt to generate pressure was
successful. As a 2nd step, we are now testing the
pressure cell with a UTe: sample for AC
calorimetry measurements.

We also performed the AC calorimetry
measurements under pressure using a
conventional piston cylinder cell for the field along
the b-axis. Figure 3(a) shows the temperature
dependence of the AC calorimetry under
pressure at 0.15Ga at different fields for H || b-
axis. A sharp specific heat jump due to
superconductivity is observed at zero field. At
high fields above 8T, in addition to the sharp
specific heat jumps, broad transitions appears at
higher temperatures, indicating the high field
superconducting phase under magnetic fields.

Further increasing the pressure, high field
superconducting phase shifts to lower field region,
and finally double superconducting transitions
are observed at zero field.

Our results suggest that high field
superconducting phase at ambient pressure is
identical to the high temperature superconducting
phase under pressure. The evolution of the
multiple superconducting phases at high fields
and at pressure was demonstrated.

This work was done in collaboration with T.
Vasina, D. Aoki.
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Porous metal-intermetallic composites by liquid metal dealloying

Nonoporous metals with a bicontinuous structure, produced by liquid metal dealloying (LMD),
are regarded as promising materials for energy-related applications because of their good
electrical conductivity, mass transportability, and bulk specimen formability by the fop-down
process, that are distinct from other nanomaterials. Here, we explore synthesis of porous metal-
infermetallic composites as promising hybrid battery electrode materials combining open
porous metallic collector and TiSi-based active material.

Liguid metal dealloying is a metallurgical
method for the synthesis of open porous
materials established by Kato and co-
workers [1-2]. Liquid metal dealloying implies
selective removal of one or more elements
from a mulfi-element precursor material by a
reactive liquid metal during its contact with
this liquid metal. The remaining elements of
the precursor material rearrange themselves
into an open porous structure.

The selection of materials for liquid metal
dealloying is based on the free energy
change during mixing of elements AGmix =
AHmix — T ASmix, where AHmix is the heat of
mixing, ASmix is the enfropy of mixing, and T
is the absolute temperature. Usually, the
entropy ASmix increases after mixing. So,
from a thermodynamic point of view, if
AHmMIix <0, the AGmIix<0, and the mixing
reaction can occur spontaneously. Thus, the
precursor material should consist of elements
having high positive and high negative heat
of mixing AHmIx with liquid metal.

In this work, four precursor (TiCu)i00xSix at%
alloys, where x=1, 5, 10, 20 at%, have been
synthesized using an arc-melter.

Liguid metal
dealloying
Precursor -

Svstem design

Liauid metal dealloving

The heat of mixing AHmix between both
couples Mg and Cu (-3 kJ/mol) as well as Mg
and Si (-26 kJ/mol) is negative. The heat of
mixing AHmix between Mg and Ti (16 kJ/mol)
is positive. Therefore, it is expected that Cu
and Si will be dissolved into Mg during liquid
metal dealloying. The remaining T is
expected to be rejected by liquid
magnesium and rearranged info an open
porous structure. However, our experimental
results demonstrate that Siin the presence of
Tiis rejected by Mg. This is likely due to a very
high negative enthalpy of mixing between Ti
and Si (-66 kJ/mol).

The as-arc-melted  (TiCu)soxSix precursor
samples were cut info T mm thick samples
which were subjected to liquid metal
dedlloying, namely, immersed in liquid Mg
(Fig. 1). The dealloying conditions are 1073 K
and 20 min. After liquid metal dealloying, the
evolved pores were naturally filled with
magnesium. Mg was chemically removed by
immersing as-dealloyed samples info 3M
aqgueous solution of nitric acid for 5 h (Fig. 1).

TiSi intermetallic

¢
Dealloyed P Ti
Ti/TiSi-Mg T".’?."S‘c’.
composite ==t
 Acid solution | composite

Chemical etching

Fig. 1 Schematic illustration of the synthesis of porous metal-intermetallic composites by means of

liquid metal dealloying and chemical etching.



Fig. 2 shows the microstructure of the (TiCu)so-
Six at% samples after liquid metal dealloying
and chemical etching. According to the
microstructural analysis, the porous samples
mainly consist of ftwo phases. These are Tiand
TiSi-based intermetallic phases. The TiSi-
based phase contains about 30 at% of Si as
detected by EDX-SEM. The volume fraction of
the TiSi-based phase significantly increases
with the increasing Si concentration in the
precursor alloys. At x=1 at%, the
microstructure of the open porous metal-
intermetallic composite consists of um-scale
Ti ligaments covered by TiSi-based ligaments
of a few hundred nanometers.
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At x=5 at%, large crystals of the TiSi-based
intermetallic phase, approximately 10 ym in
cross-section, are observed instead of nm-
scale TiSi-based ligaments. At x=10, 20 at%,
the volume fraction as well as size of those
TiSi-based crystals increases. Specifically, at
x=20 at%, the crystals reach a few tens of um
in cross section. Furthermore, the faceting of

the TiSi-based crystals becomes more
pronounced.
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Fabrication of 3D interconnected dual-phase heterostructures in
CoCrFeMnNi high entropy alloy using the Liquid Metal Dealloying
process with Cu melt

The dealloying reaction between a CoCrFeMnNi high-entropy alloy (HEA) precursor and
molten Cu at 1095°C was investigated as a function of immersion time. EDX mapping and line
analyses revealed that Mn and Ni, which have high reactivity with Cu, were the first to
undergo dealloying reactions in the CoCrFeMnNi HEA precursor. Consequently, Cu-rich melf

e

channels penefrated the precursor alloy, forming a unique 3D inferconnected
heterostructure.
There have been wide variety of exhibited a complex 3D interconnected

developments for 3D interconnected
materials using dealloying techniques. In
general, dealloying is referred to a corrosion
phenomenon in which the more active
element is selectively removed from an alloy
under certain environmental conditions. The
liquid metal dealloying (LMD) process, which
is different from chemical dealloying and
vapor dedlloying, has also been actively
studied for a decade. In 2011, Wada et al.
first reported this novel dealloying process to
develop the 3D interconnected non-noble
materials [1]. The LMD process is based on
the miscibility relationship between the
constituent elements of precursor alloy and
a liquid metal [2-5]. Liquid metal is ufilized as
a dealloying medium, and it selectively
takes out miscible elements from a precursor
alloy. The selective dissolution results in
interface diffusion of immiscible atoms, and
the self-organization phenomenon  of
immiscible atoms into 3D inferconnected
morphology is involved. Simultaneously, the

liguid melt penetrates the precursor material,

and the 3D interconnected melt channels
are formed due to the LMD reaction.

Previous LMD studies have focused on
simple LMD systems where thermodynamic
reactions can be easily predicted by
miscibility relationships among elements of
precursor alloy and metallic melt. However,
this study aims to fabricate a new
heterostructure microstructure by using a
high-entropy alloy (HEA) composed of more
than five principal elements as the precursor.

The CoCrFeMnNi HEA, known for ifs
excellent  mechanical properties  at
cryogenic temperatures, was homogenized
at 1100 °C for 6 h, then cold-rolled with a
75% reduction and recrystallized at 1050 °C
to prepare the precursor alloy. Holes were
then machined into the specimens, and
they were immersed in molten copper at
1095 °C for 2, 5, 10, and 12 min using a W
wire.

The microstructure produced by LMD

heterostructure, distinct from the typical
dendritic  cast structures or equiaxed
recrystallized microstructures (Fig. 1). The
thickness of the dealloyed reaction layer
was measured at 228, 453, 766, and 708 um
for immersion times of 2, 5, 10, and 12 min,
respectively. After 12 min of the LMD process,
the entire specimen transformed into a 3D
inferconnected composite, indicating a
significantly faster reaction rate compared
to other metallic melts such as Mg.

Fig. 1 Heterostructure developed by the LMD
process using a CoCrFeMnNi precursor with
Cu melt.



The fabricated heterostructure composite
was formed by the self-organization
phenomenon of the solid ligament phase
and Cu-rich melt channels during the LMD
process, as confirmed by EDS maps showing
a 3D interconnected structure (Fig. 1). In the
solid ligament phase, Cr, Co, and Fe were
uniformly distributed, and a small amount of
Cu (6.6 at.%) was also alloyed. In the Cu-rich
melt channel region, Mn and Ni were
dissolved around 5 at.% with small amounts
of Cr, Co, and Fe also reacting and present
in the melt channel. Based on the measured
compositions, the mixing enfropy was
calculated, showing that the solid ligament
phase exhibited a mixing entropy of 1.79R,
characteristic of a HEA, while the Cu-rich
melt phase exhibited a mixing entropy of
1.32R, indicating characteristics of a
medium-entropy alloy.

To investigate the diffusion behavior and
self-organization phenomena between the
CoCrFeMnNi HEA precursor and Cu melt, a
line EDS analysis was conducted (Fig. 2). The
right graph shows that Mn and Ni were
initially dissolved and detected in the Cu
melt, with Mn being almost entirely dissolved
and some Ni remaining in the solid ligament.
Additionally, unlike previous LMD reactions
where the melt's elements did not dissolve
intfo the solid ligament, this study observed a
significant amount of Cu alloying.
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This can be attributed to the high solubility of
Mn and Ni in Cu despite their positive mixing
enthalpy of 4 kJ/mol, as well as the
tendency of Cu to dissolve in Co, Cr, and Fe
at high temperatures, despite their high
mixing enthalpy values.
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23W31

Prof. Fujita

GIMRT Workshop: Resonant Inelastic and
Elastic X-ray Scattering (RIXS/REXS)

Sendai

2023.8.2-2023.8.4

23WS2

Prof. Nojiri

GIMRT Workshop:Reimei-GIMRT
Workshop "Quantum Beams Study of the
Dynamics of Rare Earth Garnets"

Sendai

2023.8.7-2023.8.8

23WS3

Prof. Kato

GIMRT Workshop: The18th International
Workshop on Biomaterials in Interface
Science

Sendai

2023.8.4

23WS4

Prof. Orimo

GIMRT Workshop: The 7th Symposium for
the Core Research Clusters for Materials
Science and Spintronics,

The 6th Symposium on International Joint
Graduate Programs in Materials Science
and Spintronics

Sendai

2023.11.28-2023.12.1

23KW
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ICC Workshop: KINKEN WAKATE 2023:
International Materials Science School
2023-Advances in Strongly Correlated
Electron Systems
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France
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Summit of Materials Science 2023 and
GIMRT User Meeting 2023
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Workshop on Resonant Inelastic and Elastic X-ray Scattering

WFFERETE « HALKRERAT fRH 2k
WIFE I« BT R HANIT R S = 75, o ORI
Masaki Fujita
Institute for Materials Research, Tohoku University, Sendai 980-8577
Jun Miyawaki, Kentaro Fujii
NanoTerasu Center, National Institute for Quantum Science and Technology, Sendai 980-8579

Keywords: Resonant Inelastic Scattering, Resonant Elastic Scattering

Workshop on Resonant Inelastic and Elastic X-ray Scattering was held at Sakura Hall, Tohoku University in
August 24 , 2023. We had over 100 participants, including 35 from overseas. The program featured 5 plenary
talks, 15 invited talks, 11 contributed talks, and 20 poster presentations. On the final afternoon, we organized a
NanoTerasu tour, which attracted about 60 participants. Throughout the workshop, there were active discussions
and meetings on collaborative research, with a focus on new beamlines at NanoTerasu. The workshop ended on

a positive note, with attendees showing keen interest and active involvement throughout.

1. ¥ (Introduction,)
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2. BAfENZ (Experimental procedure)
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Poster Presentation List
Presenter Affiliation Title
1 | Asakura, National Institute of | Transition-metal L-edge RIXS studies of cathode
Daisuke Advanced Industrial | materials for Li-ion batteries: Relation between
Science and the charge-transfer effect and electrode
Technology performance
2 | Fuijii, National Institutes for | Cu L-edge RIXS Spectra of Cu-Proteins
Kentaro Quantum Science
and Technology
3 | Fujiwara, Osaka University Probing spin-polarized electronic structures of
Hidenori halfmetallic Heusler alloys using RIXS-MCD
4 | Gepréags, Walther-Meilkner- Control of magnetic properties in iridate thin films
Stephan Institut by variation of strain and thin film thickness
5 | Horio, University of Tokyo | Comparative RIXS investigation of five- and six-
Masafumi fold oxygen-coordinated 214-type cuprates
6 | Jia, Chinese Academy of | Orbital excitations on the cusp of Mott-band
Xun Sciences insulator crossover in 1T-TaS;
7 | Juhin, IMPMC-CNRS Magnetic properties of binary ferrofluids
Amélie investigated by RIXS-MCD spectroscopy
8 |Li, University of Tokyo | The role of oxygen species on water uptake by
Hao hydrophobic materials
9 | Miyawaki, Mational Institutes for | Construction of Ultrahigh Energy Resolution 2D-
Jun Quantum Science RIXS at NanoTerasu: Advancements and Current
and Technology Progress
10 | Nakata, University of Hyogo | Charge order in cuprates revealed by resonant
Suguru inelastic x-ray scattering
11 | Onishi, Japan Atomic Spin quadrupole excitations in frustrated
Hiroaki Energy Agency ferromagnetic chain
12 | Soh, Ecole Polytechnigue | Entangled spin-orbital-lattice order in BazMgReOs
Jian-Rui Federale Lausanne
13 | Takahashi, Osaka Metropolitan | LDA+DMFT approach to resonant inelastic x-ray
Yoshihiro University scattering in strongly correlated magnetic
systems
14 | Thomas-Hunt, | Aarhus University High resolution spin texture imaging in spin
Jack caloritronics device structures: New opportunities
for REXS at 4th generation light sources.
15 | Tomasello, University of Kent Role of magneto-crystalline anisotropies in
Bruno complex rare-earth garnets
16 | Tomiyori, University of Tokyo | The Study on Water Repellent Behavior of
Yusuke Hydrophobic Coatings by Soft X-ray
Spectroscopy
17 | Yamaguchi, Osaka Metropolitan | Cu Ls-edge resonant inelastic x-ray scattering on
Tatsuya University isostructural copper oxides CaCusFesO+; and
EuCu:Fe:0:2
18 | Yamasaki, National Institute for | Anisotropic Magnetic Dipole Detectable by
Yuichi Materials Science Resonant X-ray Scattering
19 | Zhang, Chinese Academy of | Hard X-ray High Energy Resolution Spectroscopy
Yujun Sciences Beamline at High Energy Photon Source
20 | Su, Jia-Syuan | National Yang Ming | Momentum-resclved RIXS studies on high-
Chiao Tung temperature superconductor Bi2212
University

3. iRE (Results)
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4. 2% (Conclusion)
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Reimei-GIMRT Workshop
Quantum Beams Study of the Dynamics of Rare Earth Garnets

August 7-8, 2023, IMR, Sendai

Scope

The aim of the workshop was to explore the
magnetism, dynamics, and transport properties of
Rare-Earth Garnets in both bulk form and in
films. The goal is to develop an adequate
treatment of the complex magnetic dynamics
which considers the non-collinear structures that
appear in many of the compounds and their origin
in terms of crystal field anisotropies acting on the
rare-earth sites. The influence of the rare-earth
moments on the chiral properties of the spin
waves is of paramount importance in, for
example, the spin Seebeck effect. Compensation
points are potentially interesting for potential
applications in spintronics as the magnetic
dynamics are altered and domain wall motion
enhanced. As well as bulk samples, it is now
possible to study films, whose properties are
directly relevant to device applications, and this
raises issues about the influence of strain and
other details of coupling to the lattice. Several
groups internationally are looking at the
dynamics by neutron inelastic scattering and,
more recently, resonant magnetic X-ray
scattering, and we hope to encourage discussion
between them as to the interpretation of results
that are currently being produced, and the
availability of samples for future experiments.

Program-Day 1

The morning session of day 1 started with
opening address. The 1% scientific talk was on the
synergetic investigation by polarized neutron and
X-ray scattering for magnetic dynamics and the
application to spin caloritronics by Dr. Mannix.
Then Dr. Miyawaki introduced recent research
on the X-ray scattering on quantum materials and
the development of a soft-X-ray scattering station
of NanoTerasu, which was in commissioning.
The final talk in the morning was on the non-local
magnon transconductance on the rare-earth
magnetic garnet film by Dr. Kohno. The three
talks highlight the different aspects of research on
the system and show the importance of the
collaboration among different techniques and
views.

The afternoon session started with the talk of Dr.
Geprigs on the magnonics, which is one of the

highlights of current spintronics research. The
talk was followed by a report on neutron
scattering by Dr. Pecanha-Antonio. Dr. Shamoto
gave another talk combining neutron scattering
under ultrasonic injection. These three talks show
the interesting magnon properties of these
systems.

The final session of Day 1 had two talks. The
first was on magneto-crystalline anisotropy by
Dr. Tomasello and the second on neutron
scattering on the magnons of the terbium iron
garnet, which has recently attracted much
attention in magnonics and the cavity physics of
magnons.

In the evening, participants had exchange and
free discussion time.

Program-Day 2

On day 2 the morning session began with mid-
infrared spectroscopy on spintronics material by
Dr. Puebla and Dr. Chudo gave a report on the
Barnet effect and the observation of angular
momentum.

Dr. Harii reported on the modification of
magnetic properties of rare-earth magnetic garnet
by ion beam irradiations. Dr. Nakamura talked
about the ultrafast TEM measurement on the
acoustically induced magnetic domains on
ferromagnetic thin films.

The afternoon session started with the talk on the
double umbrella structure by Dr. Thomas-Hunt.
Dr. Omori show the combinatorial FMR
experiments on magnetic garnet films. Dr.
Hisatomi reported the Brillouin scattering
experiment on yttrium magnetic garnet. The final
talk was given by Dr. Hioki on the coherent
dynamics on hybridized magnon-phonon.

Dr. Maekawa made a conclusion about the
recent progress on rare-earth magnetic garnet
shared in the workshop and future challenges for
comprehensive collaboration research.

Summary

The workshop offered an important opportunity
for intense exchange among experts from
different areas and succeeded in sharing of the
current status of research. It is notable that many
of the participants joined the X-ray scattering



workshop (RIXS and REXS) at the IMR,
including a visit to NanoTerasu, and made visits
to J-Parc for discussion on future collaborations.
It shows the importance and the effectiveness of
the GIMRT program to push the international
collaborations.

Name of organizers

Ieda Jun'ichi, ASRC, JAEA

Mori Michiyasu, ASRC, JAEA

Fujita Masaki, IMR, Tohoku University
Nojiri Hiroyuki, IMR, Tohoku University
Ziman Timothy, ILL, Grenoble

Sakai Toru, University of Hyogo
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The 18th International Workshop on Biomaterials in Interface Science
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! Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan
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The 6th Symposium for the Core Research Clusters for Materials Science and
Spintronics, and the Sth Symposium on International Joint Graduate

Program in Materials Science
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Shin-ichi Orimo', Reiko Sadamoto®
nstitute for Materials Research, Tohoku University, Sendai 980-8577
2The Core Research Cluster for Materials Science / Advanced Institute for Materials Research, Tohoku
University, Sendai 980-8577

Keywords: materials science, core research cluster, international joint graduate program

Tohoku University was named one of the first three Designated National Universities in Japan on June 30, 2017 by the Japanese
Government. As a Designated National University, we initiated the “Core Research Clusters” to strengthen four research fields:
materials science, spintronics, next-generation medical care and disaster science. Also, International Joint Graduate Program in
Materials Science aims to cultivate internationally capable and highly creative professionals in the materials science field. In
order to present research activities and discuss future prospects, we hold, continuing from past years, the international

symposium on the Materials Science and Spintronics on November 18 — December 1, 2023.
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The 7th Symposium for the Core Research Clusters for Materials Science and Spintronics and

the 6th Symposium on International Joint Graduate Program in Materials Science and Spintronics

Timetable 1 (November 28 - 29)

November 28(Tue) November 29(Wed)
Location
AIMR Main Bld Nano Spin 4F AIMR Main Bld Nano Spin 4F
Sakura Hall Sakura Hall
2F Seminar room Conference room 2F Seminar room Conference room
9:00- CRCMS1
9:40- Opening Advances in soft
terial
e ((r:n;fr;a :) 10:00- GP-MS1
(Reiko Oda) - :

10:30- Plenary 2

(Henning Sirringhaus)

Break

11:30- Photo

Student Session 1
Oxide electronics
(GM1-1~3)

12:00- Lunch Time

12:00- Lunch Time

13:30-
Poster Sessionl

14:15- Plenary3
(Di-jing Huang)

Poster Session?

Break
15:15-
CRC Award talk
Break
Thlte

18:00- Symposium Reception (We

stin Sendai)

13:30- GP-MS2

Student Session 2

Porous materials

13:30- CRCMS2

Quantum materials

and magnonics

(GM2-1~3) (CM2-1~3)
Break
16:00- GP-MS3

Student Session 3

Energy conversion &
storage

(GM3-1~3)

Spin-functional
materials
(GS1-1-4)




The 7th Symposium for the Core Research Clusters for Materials Science and Spintronics and

the 6th Symposium on International Joint Graduate Program in Materials Science and Spintronics

Timetable 2 (November 30 - December 1)

November 30(Thu) December 1(Fri)
Location
AIMR Main Bld Nano Spin 4F AIMR Main Bld Nano Spin 4F
Sakura Hall Sakura Hall
2F Seminar room Conference room 2F Seminar room Conference room
9:00- CRCMS3 9:00- —Spm2 9:00- CRCMS4 9:00- CRCS4
Advanced carbon-
based materials for Invited talk
batteries and sensors (CS4-1~3)
10:00- GP-MS4 (CM4-1-3) 10:00- GP-MS6
Multi-material design Spintronics devices i
foeontnd Student Session 4 :(GSZ"I”‘:@ Student Session 6 Eredk
(CM3-1~5) : : 10:50- CRCS5
Thermoelectric Interface science and
(Gm;tfr;als;) engm(eg&réglofér)]mmg Invited talk
i = (CS5-1~2)
Break
12:00- Photo
12:00- Lunch Time
12:30- Lunch Time
13:25- Opening(Spin)
13:30- Plenary4 B
(Satoru Nakatsuiji) Invited talk
CS6-1~2
14:15- CRCS1 ( )
Invited talk e CBRTSZI;
(Cs1-1~2) ’
o Invited talk
el (CS7-1~2)
15:30- GP-MS5 15:35- CRCS2
15:50- Closing (Spin)
Student Session 5
. Invited talk
Theoretical (CS2-1-3)
condensed matter L 16:30-
physics Poster Award
(GM5-1~4) Break 17:00- Closing
17:20- CRCS3
Invited talk
(CS3-1~2)
19:00-
Banquet (Spin only)




KINKEN WAKATE 2023: International Materials Science School 2023-Advances
in Strongly Correlated Electron Systems
Joint workshop: Topology, spin-orbit interactions and superconductivity in

strongly correlated quantum materials under extreme conditions

Dai Aoki
IMR, Tohoku University, Oarai, Ibaraki 311-1313

Keywords: spin-orbit coupling, hidden order, UTe2, superconductivity, Fermi surface

The International Materials Science School 2023 (KINKEN WAKATE 2023) took place on October 9, 2023, in Grenoble,
France. This event was followed by the international workshop titled “Topology, Spin-Orbit Interactions, and Superconductivity
in Strongly Correlated Quantum Materials under Extreme Conditions” from October 10 to October 12, 2023, making it a joint
event.

The school and the workshop aimed to discuss and exchange recent progress in the study of strongly correlated quantum
materials under extreme conditions such as high fields, high pressure, and low temperatures. These conditions are critical for
understanding phenomena like topological effects, spin-orbit interactions, superconductivity, multiple orders, and fermiology.
On the first day, the school was held at the high-field laboratory in Grenoble (LNCMI-G). It featured two tutorial lectures by
Prof. Yoichi Yanase and Prof. Rikio Settai. Prof. Yanase discussed topological superconductivity, while Prof. Settai focused on
quantum oscillation effects. In addition to the lectures, participants had the opportunity to tour the high-field lab and attend
short poster previews.

From the second to the fourth day, the international workshop took place at the Basilique du Sacré-Ceeur, located near the
Grenoble train station. The workshop included a total of 36 oral presentations and 21 poster presentations. Researchers and
students from around the world gathered to share their findings and discuss various topics related to quantum materials.

The workshop provided an excellent platform for the exchange of ideas and the establishment of collaborations. The diverse
range of presentations covered cutting-edge research in topological phenomena, the interplay between spin-orbit interactions
and superconductivity, and the physical properties under extreme conditions. This event highlighted the importance of
multidisciplinary approaches in advancing our understanding of strongly correlated quantum materials.

Overall, the International Materials Science School 2023 and the subsequent workshop were successful in fostering discussions

and collaborations among researchers and students, contributing significantly to the field of quantum materials science.
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Report on H-Physics workshop

Fusako KON
Hokkaido University

This report documents my participation in “H-Physics workshop” held in Grenoble France,
from October 9 to 12. On the first day, I attended the tutorial session. The presentations are
given by Prof. Yanase and Prof. Settai. Each provided a comprehensive overview of the
historical background and recent results in the field of strongly correlated electron systems
from the perspectives of theoretical studies of unconventional superconductivity and
experimental studies using dHVA effects, respectively.

From the second day to the final days, many oral presentations are given by researchers
from several countries. These presentations covered a wide range of materials, including
attractive unconventional superconductors such as UTe; and CeRh,As,, as well as other
strongly correlated f-electron and d-electron systems, and even quasicrystal systems. In
addition to the oral sessions, we had poster sessions. In the poster sessions, I presented my
recent studies on UPt,Si, and discussed with some participants. This allowed me to gain
diverse insights into my research.

The participants shared not only their results but also some episodes about their research
lives. These episodes showed how the international collaborations and the cooperations
between theoretical and experimental researchers can develop new research possibilities. In
fact, I got the opportunity to establish international personal connections through the
workshop, and the interactions with female researchers actively working abroad were
particularly inspiring and encouraging for me.

[ am grateful for these experiences and will apply them to my future research activities.



Taiki Miyamoto
Osaka University

I participated in the workshop in Grenoble and went to laboratory tour in CEA, ILL, ESRF and
CNREF. I will report about these activities.

In the workshop, I presented our research in a poster section. Our research about a magnetic
toroidal system is not well-known foreign countries, and actually, many researchers didn’t know
the magnetic toroidal multipole and the concept of cluster multipole. Therefore, I had to explain
not only brief background but also more basic and detail background. For me, it was very difficult
to explain that in English. This opportunity is very valuable for me because I have never
participated in international conference.

In laboratory tour, I went to CEA, ILL, ESRF, and CNRF. I haven’t been to large laboratory, so
I was surprised that all buildings are optimized for experiments. For example, in CEA, all pumps
are placed in rooms dedicated to pumps, and vibrations from pumps to probes are completely
eliminated. I was most interested in scanning SQUID in Prof. Klaus Hasselbach’s laboratory. His
SQUID tip was nano-SQUID, and the tip also has a needle for AFM. To make nano-SQUID, high
sensitivity photolithography is needed and the laboratory, of course, has it. By having AFM with
SQUID tip, the scan becomes more accurate. One of the things which realize such a scan is the
building. The building eliminates a vibration from the ground. In our laboratory, we couldn’t do
this experiment due to vibration.

In conclusion, this experience is very valuable for my future. I will be willing to participating in

like this opportunity in the future. Thank you very much for your great support.



Report of H-Physics workshop in 10/9~10/12 @Grenoble, France

Ryohei Oishi, Hiroshima University

Supported by ICC-IMR, I visited Grenoble, France to attend a H-Physics workshop in 10/9~10/12.
Many kinds of research of condensed matter, for example Fermi Surface, U-based compounds, and
multipoles etc, were given lectures in the workshop. My purpose of visit is to discuss our works of
RPtsAlz and to find Postdoc jobs after finishing a PhD course.

For the Dr. E. Bauer’s talk about “Yb compounds: a rich playground for unconventional ground
states”, he discussed about the frustrated Kondo lattice compounds. I could get the opportunity to
discuss our result of honeycomb Kondo lattice compound CePtsAlz with him, which gave us one idea
to distinguish the role of Kondo effect and frustration. In my poster presentation for 30 + 30 min, I
discussed about the geometrical condition induces DM interaction in RPtsAl; with centrosymmetric
structure. Finally, every researcher agreed with our idea.

We visited CEA, ILL, ESRF, and CNRS before workshop. Because I would like to find a Postdoc
job of synthesizing single crystals by a variety of methods, I was so excited to see the equipment of
crystal growth and talk with Dr. Gerard in CEA. For synthesizing crystals by Czochralski method, Dr.
Gerard designed a holder of seed crystal, which can arrange the position by himself. These original

technics surprised me, and I plan to design myself in Japan.



Report of H-Physics workshop @ Grenoble, France
Kenta Sudo (IMR, Tohoku Univ., Japan)

I attended the tutorial session "Kinken-Wakate 2023" on "Topology, spin-orbit
interactions and superconductivity in strongly correlated quantum materials under
extreme conditions" in Grenoble, France, held on 2023/10/09. Here, I performed short
poster preview that is summary of my poster will be talked in main session.

Main session of H-physics work shop was held on 10/10-10/12. In the main session, I
performed poster presentation “Spontaneous nonreciprocal resistance in a zig-zag
antiferromagnet NdRu2A110”. Then I had discussions with the participants and deepened
my consideration of my research results. Furthermore, I attended all lecture and got new
idea for my next research.

Finally, I visited the Neel Institute in Grenoble, France, and had discussions with Klaus
Hasselbach and Arnaud Badel. As a result, I got new ideas to develop my own research

topic. In addition, I succeeded making global research network.



The report of H-physics workshop

Hiroto Suzuki, Hiroshima University

I went to Grenoble to participate in the H-physics workshop and to visit some laboratories
from October 3 to 16. The visit allowed us to go to CEA, ILL, ESRF, and CNRS. I was
impressed by the research-first approach taken throughout the building design. Specifically,
a room existed just for the installation of refrigeration pumps to avoid noise and vibration. In
addition, I was surprised that there is a technician just for the synthesizing crystal. This visit
to an overseas laboratory was the first time for me. These laboratories have many different
things with Japanese laboratories. This experience broadened my mind.

At the Workshop, I gave a poster presentation on my discovery of a new material titled
“Anisotropic antiferromagnetic order in orthorhombic EuPdAls”. Not only Japanese but also
French students listened to and were interested in my presentation. I could discuss it with
them. After the tutorial workshop, Co-chairs arranged for us to have the opportunity to meet
with French students. They took us to a bar in Grenoble and I was able to deepen my
friendship with them. Throughout the workshop and visiting laboratories, I realized my lack
of English skills. In the future, I would like to make more efforts in both research and English

and I can make better presentations at international conferences.



Report of H-Physics Workshop

Name Hiroki Matsumura
Conference Topology, spin-orbit interactions and .superconductlwty n
strongly correlated quantum materials under extreme
name .2,
conditions
Place Grenoble, France
Date 2023/10/9 — 2023/10/12

With the support of ICC-IMR, I participated in the H-Physics Workshop
held in Grenoble, France.

This i1s an international workshop to discuss the results of research on
strongly correlated electron systems under extreme conditions. The meeting
was a very useful opportunity to learn about cutting-edge research results,
both theoretical and experimental studies.

I gave a poster presentation on the recent progress of NMR measurements
on the spin-triplet superconductor UTes, and was able to discuss the results
with many researchers.

Finally, I would like to acknowledge ICC-IMR for financially supporting me
and Prof. Aoki and other co-chairs for providing me with this valuable

opportunity.




Summit of Materials Science SMS 2023 and Global Institute for Materials
Research Tohoku (GIMRT) User Meeting 2023 , November 20-22, 2023

The 6th SMS was successfully held at IMR
auditorium with almost 200 of participants
(including online participants) in 3 days from
November 20 to 22. All speakers gathered in
a hall after an interval of four years since the

SMS2023: Eé}(;)rzstilt\eemaes(tjigrgn;zf4th SMS held just
GIMRT User paneemie
Meeti ng 2023 The Conference started with the welcome
e November greetings by Prof. Takahiko Sasaki, Director
20:-22%, 2023 of IMR, Prof. Hideo Ohno, President of Tohoku University and Mr. Koji Yanagisawa,
""""" 'T'.’lﬁ&'.‘f’b'.‘.’.%“e‘:'s'.ty Katahira Campus Director of Scientific Research Institutes Division, MEXT (Ministry of Education, Culture,

o w2023 e von WY B Sports, Science and Technology). The auditorium was fulfilled with over a hundred of

participants from all over the world.

The conference was divided in 9 fields, “Superconductivity”, “Quantum Materials”, “Exotic
Spin Systems”, “Material Design and Informatics”, “Spintronics and Topological
Phenomena”, “Functional Materials”, “Nuclear and Irradiation”, “Advanced Metallurgy —
3D Printing and Nanomaterials” and “Hydrogen Materials”. A hot discussion was
exchanged at every field, and a discussion sometimes extended for a break.

In the evening of 2nd day, the poster session was held. Researchers and students
presented their recent research topics. The discussion was overflowing with excitement
and enthusiasm and continued until late at night.

The total number of speakers were 48 this time. 20 were invited, in which 11 were from
overseas, and 28 were contributed or short speakers. Not only senior researchers, but also
young and energetic speakers expressed lively their recent cutting-edge research topics.
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Summit of Materials Science 2023 and GIMRT User Meeting 2023

Date: November 20-22, 2023
Venue: IMR Auditorium, Tohoku University, Onsite, hybrid available
MAP: https://www.tohoku.ac.jp/en/about/images/map_katahira_2021.pdf

Day 1: Nov. 20
10:00 | 10:20 |Opening (Chair: Rie Y. Umetsu, IMR)
Opening Address Takahiko Sasaki Director of 'Instlt'ute for Materials Research,
Tohoku University
Welcome Greeting Hideo Ohno President of Tohoku University
. o . Director of Scientific Research Institutes
Greeting from MEXT Koji Yanagisawa Division, Research Promotion Bureau, MEXT
Number Time Category Name Affiliation Title Page
Session A Superconductivity (Chair: Masaki Fujita, IMR)
A1 10:20 | 10:50 |Invited Youichi Yanase |Kyoto University DI mech.aplsm oI SppITHTE 21 7
superconductivity
A2 10:50 | 11:20 |Invited Clifford W. Hicks Uruvgrsﬂy of Stress-strqln measurements of the 8
Birmingham unconventional superconductor Sr,RuQ,
Multiple superconducting phases and
A-3 11:20 | 11:40 |Contributed |Dai Aoki IMR Fermi surfaces in spin-triplet 9
superconductor UTe,
Nonreciprocal Superconducting
A-4 11:40 | 12:00 |Contributed |Tsutomu Nojima |IMR Transport with Ferroelectric Polarization 10
in lon-Gated SrTiO4
A5 | 12:00 | 12:20 [Contributed |Motoki Osada  |IMR Opglilr2Ing) LSS O BUPEERE N |
infinite-layer nickelate thin films
12:20 | 13:30 |Lunch
Session B Quantum Materials (Chair: Dai Aoki, IMR)
B-1 | 13:30 | 14:00 |Invited Emilia Morosan |Rice University | o2 and reciprocal-space topology in | 44
the square net series Eu(Ga,_Al,),
Exploration of metastable perovskite
B-2 | 14:00 | 14:30 |Invited Shintaro Ishiwata [Osaka University [2/des exhibiting exotic magnetism: |,
Combination of high-pressure synthesis
and structural prediction
Combining Topology and
B-3 | 14:30 | 15:00 |Invited Valentin Taufour |omiversity of  —Superconductivity: Can We Discover 15
California, Davis |Unconventional Superconductors
Methodically?
Exploring Functional Antiferromagnetic
B-4 15:00 | 15:20 |Contributed |Michi-To Suzuki |[IMR Materials with Magnetic Structure 16
Screening and First-Principles Calculation
B-5 15:20 | 15:40 |Contributed |Wataru Kosaka |IMR I\C/II:;r?eotn O CEEAREEREITEND (Farals 17
15:40 | 15:55 |Break
Session C Exotic Spin Systems (Chair: Hiroyuki Nojiri, IMR)
C-1 15:55 | 16:25 |Invited Kwana-Yona Choi Sungkyunkwan  |Ground state and spin dynamics of the 19
= ) ) 9 9 University Kagome antiferromagnet YCu;(OD).,Brs._,
) ] . Helmholtz- Quantum spin liquid behavior and
C2 |16:25 16:55 |Invited Bella Lake Zentrum Berlin  |ferroelectricity in PbCuTe,Og 20
Lattice dynamics coupled to the intra
. . . . dimer degree of freedom in the organic
C-3 16:55 | 17:25 |Invited Masato Matsuura [CROSS charge transfer salts k-(BEDT-TTF),X 21
with X=Cu[N(CN),]Cl and Cu,CNj,
C-4 | 17:25| 17:45 |Contributed |Satoshi Iguchi  |IMR I E) 4 EEAS AR NEr FIEEs | o)
Anisotropic Materials
Magnetic excitation in the S = 1/2 Ising-
C-5 17:45 | 18:05 |Contributed |Shojiro Kimura IMR like antiferromagnetic chain in high 23
magnetic fields
18:05 | 18:20 |Break
18:20 | 19:40 |Mixer




Day 2: Nov. 21

Number Time Category Name Affiliation Title Page
Session D Material Design and Informatics (Chair: Momoji Kubo, IMR)
University of Excited state charge dynamics and
D-1 9:30 | 10:00 |Invited Talat S. Rahman y ol optical response of 2D materials: the 25
Central Florida
role of phonons
Alkali mono-pnictides: a new class of
D-2 10:00 | 10:20 |Contributed |Yu Kumagai IMR photovoltaic materials by element 26
mutation
D-3 | 10:20 | 10:40 |Contributed |Goro Miyamoto  |IMR Nano-sized Precipitates for 27
Strengthening of Steels
Frictional Property of Concentrated
D-4 10:40 | 11:00 |Contributed |Yusuke Ootani IMR Polymer Brush Elucidated by Molecular | 28
Dynamics Simulation
Stepped (coherent-incoherent) grain
D-5 11:00 | 11:20 |Contributed |Akarsh Verma Osaka University bouqdary D EElel rapdom clloes 29
Elucidating the mechanical response
effect
Stable configuration of 2D Cuqg.,Au,:
D-6 11:20 | 11:30 |Short Shota Ono IMR First-principles calculations, Bayesian 30
optimization, and Lennard-Jones model
11:30 | 12:45 |Lunch
12:45 | 13:00 |Photo Session @Front Lobby of IMR Building 1 (A06)
Session E Spintronics and Topological Phenomena (Chair: Atsushi Tsukazaki, IMR)
Takahiro Nagova Electrical detection of antiferromagnetic
E-1 13:00 | 13:30 |Invited Mori goya dynamics: toward THz spectroscopy for | 32
oriyama University .
nano-scale antiferromagnets
. . Dynamical aspect of Hall conductivity in
E-2 13:30 | 14:00 |Invited RYLEIE Ui Ul 6l topological antiferromagnet Mn;Sn 33
Matsunaga Tokyo .
studied by terahertz spectroscopy
E-3 | 14:00 | 14:20 |Contributed |Takeshi Seki  |IMR MAECIETAIR TEEEOE COMERET L o
metallic superlattices
Enhancement of anomalous Hall effect
E-4 | 14:20 | 14:40 |Contributed |Motoi Kimata  |IMR EL RS Wity GiFE WEemiE 35
superconducting phase in the spin-triplet
superconductor UTe,
E-5 | 14:40 | 15:00 |Contributed |Hidetoshi Masuda|IMR Helimagnst-based Spintronics: Control | 5
and Detection of Magnetic Chirality
Michael Magnetic frustration in octahedral
E-6 15:00 | 15:20 |Contributed . . CEA* & ICC-IMR* |networks: from antiperovskites to fcc 37
Zhitomirsky .
antiferromagnets
Osaka Chiral Helimagnetism and Chiral Soliton
E-7 15:20 | 15:30 |Short Yusuke Kousaka |Metropolitan Lattice in a Transition-Metal 38
University Dichalcogenide MnTa;Sq
15:30 | 15:50 |Break
Session F Functional Materials (Chair: Rie Y. Umetsu, IMR)
Evidence for 2kr and 4kg
. . . Ratnamala - incommensurate charge density wave in
Bl rdll) | AUSAD | Inizre Chatterjee LIRE=L Ta,NiSe; single crystal through electrical L0
and thermal transport
F2 |16:20 | 16:50 |Invited Hidenori Fujiwara |Osaka University |eSonant inelastic soft x-ray scattering |
on spintronic materials
Carmine University of Current Trends and Future Prospects for
E-3 16:50 | 17:20 |Invited y the High-Field Applications of Nb;Sn and| 42
Senatore Geneva
REBCO Superconductors
Critical current characterization using
E-4 17:20 | 17:40 |Contributed |Tatsunori Okada |IMR high-field cryogen-free superconducting | 43
magnets at HFLSM
Multifunctionality via spin-dependent
. . . Hanae Kijima- . . L . .
E-5 17:40 | 18:00 |Contributed Aoki Tohoku University |tunneling in magneto-dielectric 44
nanocomposite thin films
y . . . 1 AR - lon Dynamics in Na-lon Battery
E-6 18:00 | 18:20 |Contributed |Kazuki Ohishi CROSS Materials Studied by SANS and uSR 45
18:20 | 19:40 |Poster Session @Front Lobby and Lounge of IMR Building 2 (A07)

-3




Day 3: Nov. 22

Number Time Category Name Affiliation Title Page
Session G Nuclear and Irradiation (Chair: Yasuyoshi Nagai, IMR)
University of
G-1 930 | 10-00 |Invited Somei Ohnuki Science and Phase separation and damagg strqctgre 47
Technology in Fe-Cr alloys under neutron-irradiation
Beijing
Seoul National Atomistic simulation of hydrogen isotope
G-2 10:00 | 10:30 |Invited Takuji Oda . . diffusion in metals using machine- 48
University . . .
learning interatomic potentials
. . . Process Informatics for CVD Coating on
G-3 10:30 | 10:50 |Contributed |Sosuke Kondo IMR SIC/SIC for Nuclear Applications 49
Evolution of Ni-Mn-Si clusters in a low
G-4 10:50 | 11:10 |Contributed |Koji Inoue IMR copper reactor pressure vessel steel 50
analyzed by atom probe tomography
Study of neutron irradiation effects in
G-5 11:10 | 11:30 |Contributed |Steven Van Dyck |[SCK-CEN* materials using the BR2 material test 51
reactor
11:30 | 11:40 |Break
Session H Advanced Metallurgy-3D Printing and Nanomaterials (Chair: Sosuke Kondo)
. Nucleation in solid state phase
H-1 11:40 | 12:10 |Invited Chrlstppher Mo.nash. transformations requiring a change in 53
Hutchinson University .
chemistry
Panasonic Development of Multi-Layered Cosmetic
H-2 12:10 | 12:40 |Invited Mari Onodera Sheet Applied by Printed Electronics 54
Industry Co., Ltd.
Technology
12:40 | 13:40 |Lunch
Thermal conversion of metal hydroxide
H-3 | 13:40 | 14:10 |Invited Naoki Tarutani | roshima L MEE IS (LIRS 55
University nanoparticulate and porous structured
alloy materials
In-process monitoring for electron beam
H-4 14:10 | 14:30 |Contributed |Kenta Aoyagi IMR powder bed fusion by using electron 56
beam imaging technology
Fabrication of refractory alloy by freeze-
H-5 14:30 | 14:40 |Short Zhenxing Zhou |Tohoku University |dry pulsated orifice ejection method and | 57
laser powder bed fusion
14:40 | 15:00 |Break
Session | Hydrogen Materials (Chair: Eiji Akiyama, IMR)
Nano-structural configuration of
-1 15:00 | 15:30 |Invited Kohta Asano AIST* destabilized Mg hydride for hydrogen 59
storage materials
Creation and functionalization of hydride
1-2 15:30 | 15:50 |Contributed |Shigeyuki Takagi |IMR complexes with high hydrogen 60
coordination
Filming microstructure-dependent
I3 | 15:50 | 16:10 |Contributed |Hiroshi Kakinuma [IMR hydrogen diffusion in polycrystalline 61
metals using a hydrogen video imaging
system
Ultrafine Nanoporous Intermetallic
-4 | 16:10 | 16:20 |Short Ruirui Song IMR CelEbEs by Mg EmpeElle LEs 62
Metal Dealloying for Electrochemical
Hydrogen Production
16:20 | 16:50 |Closing




Poster Session

Number Name Affiliation Title Page
PS1 |Xiaoyang Zheng |NIMS* Deep Learning in Mechanical Metamaterials 64
PS2 |Shigeru Suzuki  |Tohoku University Vibration Energy HarV(_ast_lng using Electromagnetic Induction Assisted 65
— by Inverse Magnetostriction of Iron-based Alloys

S Reducing the conducting channel thickness of ferromagnetic
PS3  |Kohei Fujiwara |IMR Co3Sn,S, films by bias-induced dealloying 66
PS4 |Rayko Simura Tohoku University In-house single crystal X.-ray dlffr_actlon mgasurement system_W|th 67
— anomalous X-ray scattering for site-selective structure analysis
Investigation and characterization of rare-earth free double-perovskite
Dayal Chandra . . : r/miBE QRBEAA . .
PS5 Ro lwate University |oxides Ba,Bi**(Bif’Sbsy )Og: A comparative study of photocatalytic 68
Y performance
PS6  |Takeshi Hagiwara Kapagayva Syntheses and some properties of AILB,, (L = Li, Na) crystals by Al 69
— University self-flux
Teruhito The University of . .
PS7 Nakashita Tokyo Search for fundamental symmetry by trapping francium atoms 70
- . Post-growth annealing effects on charge and spin excitations in Nd,.
PS8 Kenji Ishi QsT Ce,Cu0, studied by resonant inelastic x-ray scattering 71
Vu Thi Ngoc Piezomagnetic effect in Mn;AN and Mn;X from symmetry analysis
S9 IMR ! o . 72
Huyen and first-principles calculations
PS10 |Kyosuke Sakurai |IMR Metal-lnsulatqr transition behavior of RECoO; for high field 73
- superconducting magnets
. Kogakuin . . . _
PS11 |Shogo Yoshida University Growth of CusN Films by Mist CVD with Ethylenediamine 74
PS12 |Kaoru Kouzu Koll<ush|.kan Syntheses and some properties of R(Al,W)B, (R = rear earth) 75
— University compounds
Kushwaha Varun Selective magnetization switching conditions for hard magnetic FePt
PS13 IMR ) ) . 76
Kumar with spin-wave dynamics
PS4 |Keita lto IMR Correlation between mggnetostnctlon and magnetic damping in Fe,_ 77
— Mn,N and Fe,,Co,N films
Yoshihiko Local Structure Analysis of Iron-Manganese-Based Elinvar Alloys via
PS15 IMR . 78
Umemoto Neutron Total Scattering
PS16 |Ta-Te Chen Na.goyal Estlmatlgn of plastic properties of alloys using instrumented 79
— University indentation test

AIST: National Institute of Advanced Industrial Science and Technology
CEA: Commissariat a I'énergie atomique et aux énergies alternatives
CROSS: Comprehensive Research Organization for Science and Society

ICC-IMR: International Collaboration Center, Institute for Materials
Research, Tohoku University

IIT Delhi: Indian Institute of Technology Delhi

NIMS: National Institute for Materials Science

QST: National Institutes for Quantum Science and Technology
SCK-CEN: Belgian Nuclear Research Centre
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Young Researcher Fellowships

No. Title Applicant Affiliation Host Professor| Proposed Research Term
Ph.D Moch d Yan |institut Teknoloai Investigation of Crystal and
23FS1 Lo ochammad ran | NSt 1exknologl Prof. Fujta  |Magnetic Structure of B- 2023.10.9-2023.12.9
Student Pandu Akbar Bandung, Indonesia :
NaFeO: Single Crystal
Magnetic Circular Dichroism
Ph.D. Gabriela Kamila |Jagiellonian University, . Measurements for Complexes
23FS2 Student Handzlik Poland Prof. Miyasaka Based on Lanthanide lons and 2023.10.27-2023.12.2
Helicenes
First-Principles Modelling of
Ph.D. Oliver Jack University of Manchester, |Assoc. Prof. |Spin Transport in Low-
23FS3 Student Dowinton UK Belosludov Dimensional Cross-Correlated 2023.7.30-2023.9.2
Materials
(HR)TEM Characterization of
Ph.D. o Technical University of Prof. Martensite Formation in
2SFS4 Student Basit Al Denmark, Denmark Furuhara Nitrogen-Stabilized 2023.8.23-2023.11.5

Precipitation Hardenable Steel
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ICC-IMR FY2023 Activity Report

Investigation of magnetic structures of B-NaFeO2 Single Crystal

The magnetization measurement on B-NaFeOz2 single crystal shows a transition at 120 K. Single
crystal neutron diffraction reveals incommensurate peaks, suggesting an incommensurate
spin structure. To investigate this structure, we attempted to grow more crystals for neutron
experiment. However, further investigations info the low-temperature magnetic structures is

challenging due to unstable growth parameters.

NaFeQO:2 is crystallized in three different
structures namely a, B, and y-phase.
a-NaFeOz2 is an antiferromagnet that has a
rock-salt type crystal structure with R-3m
space group similar to the muliiferroic
delafosite CuFeO». Systematic analyses by
means of magnetization measurement and
neutron  diffraction revealed rich
magneto-electric phase diagrams [1,2].
B-NaFeOzis also an antiferromagnet with Tn ~
720 K [3]. However, compared to the a-
-phase, the magnetic orderings in
B-NaFeO2 are sfill unexplored.

In our previous work, we obtained a
single crystal of B-NaFeO2 using the floating
zone method. Careful characterizations on
this  crystal revealed a single-phase
compound with an orthorhombic structure
belonging to Pna2: space group.

Magnetization measurement on  this
crystal from 400 K to 3 K revealed several
fransitions, namely two kinks at around 120 K
and 20 K which were observed along a and
b-axes. The kink at 120 K is absent in c-axis.
These anomalies hint at a magnetic
fransition that to our knowledge has not
been reported yet.

In order to investigate these anomalies,
we performed single crystal diffraction using
AKANE facility in JRR-3 in collaboration with
the group of Prof. M. Fujita. At room
temperature, there are three magnetic
reflections labeled as (100), (101), and (020).
By scanning the momentum diagonally
around (101) peak we revealed three

incommensurate peaks as shown in Fig. 2 (a).

These peaks were fitted using Gaussian
function. We find that the position of the
peak g2 and g3 remain unchanged with
temperature. Interestingly, the position of gl
changes at around 140 K. This temperature is
close to the observed high-temperature kink
in magnetization data as shown in Fig. 2(b).
Such a feature indicates an
incommensurate spin structure.

To get more insight into this magnetic
structure, we need to get information about
the low-temperature magnetic structures of
this compound. To do this we attempted to
grow more single crystals in Institute Materials
Research, Tohoku University, Sendai. The
growth was performed using floating zone

technique following the growth parameters
we used before. We obtained several crystal
boules with typical lengths of 20 mm and
diameters of 5 mm. The XRD indicates a
single-phase material. However, the Laue
image taken for several crystal boules from
different batches show an unclear reflection
pattern. This indicates the quality of the
crystal is still not so good compared to the
one we used for neufron diffraction
measurement. Possibly, this is due to the
unstable growth parameters. These results
make further investigation on the magnetic
structure sfill inaccessible and thus further
aftempts at crystal growth are necessary in
the future.
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Fig. 1 (a) neutron diffraction pattern taken

from AKANE in  JRR 3 and (b)
temperature-dependent gl.

Keywords: crystal growth, neutron diffraction,
magnetic structure

Full Name: Mochammad Yan Pandu Akbar, ITB,
Indonesia

E-mail: 30219303@mahasiswa.itb.ac.id
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B Young Researcher Fellowships

Activity report for the research proposal "Magnetic circular
dichroism measurements for complexes based on lanthanide ions

and helicenes"

A research visit to the Miyasaka Laboratory within the ICC-IMR Fellowship for Young Scientists
gave the opportunity to perform magnetic circular dichroism (MCD) measurements for
complexes based on lanthanide ions and helicenes prepared in the Pinkowicz Group. MCD
spectra were measured in the UV-Vis region in a series of magnetic fields and temperatures.
Partficularly interesting results were obtained for the erbium complex with azahelicene.

During a one-month research visit
(2023.10.27-2023.12.02) to the Laboratory of
Prof. Hitoshi Miyasaka, a series of
lanthanide-based compounds were
screened fo find the best candidates for
more detailed magnetic circular dichroism
(MCD) measurements. The compounds for
the study included a series of opftically pure
complexes with the smallest helicene -
{A-[Ln(phendo) s KA-[As(cat)s]}2(NOs)-5MeC
N A-Ln (Ln = Gd, Tb, Dy, Ho, Er, Yb; phendo =
1,10-phenanthroline-N,N’'-dioxide; cat =
catecholate dianion) as well as the (A, A)
forms (LnAsphendo) and opfically pure
complexes with a larger helicene ligand -
[Er(BHT)3]2((M/P)-azahelicene) (BHT =
butylated hydroxytoluene anion;
azahelicene =
benzo[4,5]imidazo[1,2-a]benzo(4,5]imidazo]
2,1-k][1,10]phenanthroline) (Erzazahel).

Each sample was ground to fine powder
and mixed with Apiezon® grease. The thin
layer of such a mixture was placed between
two BaF2 windows. All  operations for
Er.azahel were carried out under an inert
atmosphere, since erbium ions in this
complex have an unsaturated coordination
sphere and are prone fto coordination of
additional water or other solvent molecules.
NCD (natural circular dichroism) and MCD
spectra of BaF2 windows with pure Apiezon®
grease were also measured to exclude any
signals from these components.

For one enantiomer of each complex (7
compounds in total), NCD (without
magnetic field) and MCD (at +/- 1.5 T) were
measured at 5 K. Complete MCD study was
performed only for the most promising
compounds (both enantiomers). The full
MCD study included measurements of the
field dependence of the specfrum at 5 K
(from-1.5Tto +1.5T), a more precise study of
the field dependence of the MCD signals at
certain wavelengths (in maxima) and the
temperature dependence of the MCD
spectra (5-300 K).

Among the LnAsphendo complexes, Er-
and Dy-based compounds show MCD
signals  (at 519.5 nm and 314 nm,
respectively). Unfortunately, the signals for
both compounds are quite weak and visible
only at very low temperature. On the other
hand, the MCD spectrum for Erzazahel shows
really strong signals (maxima at: 376, 380, 517,
522 and 525 nm) that are visible up to room
temperature. Fig. 1 shows the MCD spectra
of the M enantiomer of Erzazahel, exfracted
from the measured combination of NCD
and MCD. The temperature dependence of
the MCD signal is compared with the
absorption spectra of unpolarized light for
Eroazahel and ErCls. Based on  this
comparison, one can say which erbium
transitions are active in MCD (4152 — 4Gi1/2
and 4hs2 — 2Hn2).

The results of these measurements will
complete the full magneto-chiral
characteristic of the obtained compounds:
NCD, MCD and magneto-chiral dichroism
(MChD). We already have preliminary results
of MChD measurements from the
collaboration with Dr. Matteo Atzori (LNCMI,
CNRS, Grenoble, France).
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Fig. 1 Magnetic circular dichroism spectra of

[Er(BHT)3]2((M)-(-)-azahelicene) compared with
UV-Vis spectra of Erzazahel and ErCls salf.

Keywords: opftical properties, magnetic properties, lanthanide
Gabriela Handzlik (Faculty of Chemistry, Jagiellonian University, Krakow, Poland)

E-mail: gabriela.handzlik@uj.edu.pl
https://photomagnet.chemia.uj.edu.pl/en_GB/



ICC-IMR FY2023 Activity Report

Magnetically Conftrollable Two-Dimensional Spin Transport in a
Three-Dimensional Crystal

|nTrinsic crystal anisofropy in a “fractional” perovskite, EuxTaOs (x = 1/3 ~ 1/2), is predicted
theoreftically to lead to stacked layers of quasi-2D electron gases (2DEG), despite being a
three-dimensional bulk system. A non-montonic thermopower is proposed as a route to
experimentally demonstrate the quasi-2D behavior.

The exploration of two-dimensional (2D)
states has come to such prominence in
condensed matter and materials research
because their properties make them
desirable, or even essential, for state of the
art device applications. From ab-initio
calculations, analytic toy models, and group
theoretfic arguments we were able to show
EuxTaOs, a fractional rare-earth tfransition
metal perovskite with x = 1/3 ~ 1/2, naturally
exhibits quasi-2DEGs stacked along its
crystalline c-axis, as shown in Fig 1, despite it
being a bulk 3D material[1].

An interplay between the underlying
tetfragonal crystal field (TCF) with the
spin-orbit coupling (SOC) of the Ta sites and
their exchange coupling with local Eu
magnetic moments, leads to quasi-2D
conduction bands of a single orbital
character,  spin-polarized  along  the
magnetic axis. These bands have additional
in-plane  spin  textures that have a
topological monopole(anti-monopole) form,
which arises from a coupling between two
component Rashba fields[2], Figl, and the
strong SOC of the carriers.
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Figure 1 The charge density of quasi-2DEG
phase, the quasi 2D conduction band
dispersion, and component Rashba spin
fextures.

Figure 1 The Oscillating Seebeck coefficient,
the arises from the quasi-2D DOS of the
conduction bands as shown.

As the magnetic ordering of the charge
carriers arises indirectly from an exchange
interaction with Eu, these spin textures can
be externally manipulated, for example, by
the magnetic field orientation, without any
change in their Fermiology. This makes
EuxTaO3 a promising platform for a broad
range of spintronic devices.

We went on to examine possible quantum
states arising from this quasi-2D behaviour,
and proposed methods to experimentally
investigate them. In particular, an oscillatory
Seebeck effect that deviates from typical
metallic behaviour due to plateaus in the
density of states (DOS)[3] as shown in Fig 2.
We propose that this may be utilizable as a
thermoelectric source with robust spin and
orbital characters.
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TEM characterization of martensite formation in nitrogen-stabilized

precipitation hardenable steel

MorTensi‘re formation at sub-zero Celsius temperatures in nifrogen-added 17-4 PH stainless
steel was studied. Two fransformation conditions, namely athermal and isothermal, were
tested. Samples transformed athermally showed plate-type martensite, whereas samples

tfransformed

isothermally exhibited typical

lath-type martensite. The results reveal a

connection between microstructure and the kinetics of martensite formation.

Precipitation-hardenable 17-4 PH
martensitic stainless steel, belonging to a
class of structural metastable stainless steels,
is favored in the additive manufacturing
(AM) industry [1]. Literature indicates that
samples produced from nitfrogen-atomized
17-4 PH powders exhibit a high amount of
retained austenite in their microstructure [2],
which influences strength by regulating the
kinetics of martensite  transformation.
Consequently, there is a growing interest in
understanding the effect of nitrogen on
austenite stability and martensite formation
in this steel. Research has demonstrated that
martensite can form isothermally at sub-zero
Celsius temperatures, challenging the
conventional belief that martensite solely
undergoes athermal fransformation.
Furthermore, suggestions have been made
regarding the distinct morphologies of
athermal and isothermal martensite [3].

The current study investigated this
hypothesis by altering the martensite start
temperature, Ms, of commercial 17-4 PH
through control of interstitial nitrogen
content via a high-temperature solution
nitriding (HTSN) process, bringing Ms into the
sub-zero Celsius range. For this investigation,
the nitrogen content was fixed at 0.12 wit%.
Two samples were prepared: one sample
was quenched in liquid nitrogen (athermal),
while the second sample underwent
isothermal transformation at 210 K for 2 days.
In-situ  vibrafing sample magnetometry
(VSM) was employed to monitor the
isothermal martensite formation, revealing a
martensite fraction of approximately 5 vol%.

The microstructure of the transformed
samples was examined using electron
backscatter diffraction (EBSD) and

fransmission electron microscopy (TEM). TEM
specimens were prepared through focused
ion beam (FIB) lift-out, highlighting areas in
the EBSD maps. Additionally, TEM analysis
included bright and dark-field imaging,
along with diffraction. Results are depicted
in Fig. 1.

A clear difference in microstructure
between the athermal and isothermal

samples was observed, with the athermal
sample exhibiting a plate-type morphology,
as evident from the dark-field (DF) images of
TEM, whereas the sample transformed
isothermally displayed a typical lath-type
morphology with thin layers of austenite
sandwiched between martensite laths (cf.
TEM results). These results indicate that
martensite formation at sub-zero Celsius
temperatures is thermally activated. The

current investigation highlights a clear
connection between the kinetics of
martensite formation and the resulting

martensite  morphology, suggesting that
isothermal or thermally activated martensite
formation in steels is more of a rule than an
exception.

1 ‘d)

Fig 1: a-c) EBSD and TEM results of martensite formed in
sample athermally transformed by quenching in liquid
nifrogen, and d-f) for sample transformed isothermally
at 210K for 2 days.
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Temperature dependence resonant inelastic X-ray scattering study on charge density
order in T*-type copper-based superconductors.

In this report, we studied the temperature dependence charge order feature for the 214-type T* phase
SLSCO through the RIXS technique. We observed a markedly different evolution of the charge order
wavevector in SLSCO compared to that of traditional 214-type cuprates. Additionally, we noted a
potential distinction between the combined CDW+CDF mixture and an isolated CDF signal.

In cuprate research, the different phases
within the pseudogap region have consistently
drawn significant interest from scientists. The
charge order phenomenon is a hot topic in
current discussions [1]. Recently, the resonant
inelastic X-ray scattering (RIXS) studies revealed
that very short-range charge order called charge
density fluctuation (CDF) is almost ubiquitously
observed at high temperatures for all cuprates
[2][3]. In this report, we studied the temperature
dependence feature of the charge order of the
long-time left-visited 214-type T* phase cuprate
SmLao.75Sr0.25CuO4 (SLSCO) for the first time.
Our prior ARPES studies estimate an effective
hole concentration of ~ 10% in this sample [4].
The experiment is performed at ADRESS-RIXS,
Swiss Light Source (SLS), Paul Scherrer
Institute (PSI), Switzerland.

Fig.1 shows the temperature dependence
integral intensity of the quasi-elastic peaks along
the (h, 0) direction plotted as the dotted data.
The colorful solid line represents the fitting
results obtained using the Lorentzian profile. The
peak position centered at h ~ 0.29, except 250
and 290 K, caused by the strong background
that affected the fitting. Figure 2 displays the
peak heights and widths (full width at half
maximum). It is evident that the peak height
decreases steadily, while a clear "kink" in the
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Fig. 1 Integral intensity of quasi-elastic peaks.

peak width emerges near 100 K.
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Fig. 2 Peak height and FWHM against temperatures.

The results indicate that the charge order
wavevector's position in SLSCO deviates from
that of conventional 214-type cuprates, which
are closer to the non-214-type families [5]. A
potential reason could be the significantly
weaker magnetism in T* phase cuprates, which
disrupts the coupling between spin and charge
order, leading to a conventional charge density
wave (CDW) instead of stripe order. We
conclude that two similar peaks also appeared in
our samples: the broad CDF peak and the
narrow. CDW peak. This assumption could
reflected in the distinct evolution of the peak
width at ~ 100 K, which could be attributed to the
separation of the mixture CDW+CDF and single
CDF state. However, cause of the limited
Instrument resolution in ADRESS-RIXS (~ 122
meV), we couldn’t detect the additional peak in
the current results. An improved high-resolution
RIXS experiment is needed.
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