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Electric toroidal order and novel phase
transition in quantum materials

Sheetal Devi

| earned my Ph.D. in Experimental Condensed
Matter Physics from the Indian Institute of
Technology Mandi, Himachal Pradesh, India in
2022, with my thesis titled Spin Ice and Spin
Freezing in Disordered Pyrochlore Zirconates.
Following this, | worked as a postdoctoral research
fellow under the GNeuS Marie Sktodowska-Curie
Action at Forschungszentrum Jilich, Germany, for
two years. My research experience spans a diverse
range of materials, including chemically disordered
3D pyrochlores, 2D triangular lattices, single-molecule
magnets, and Kagome intermetallic. | have extensively
employed techniques such as X-ray diffraction,
Raman scattering, magnetization, AC susceptibility,
thermodynamic measurements, muon spin relaxation
(uSR), and powder neutron diffraction. These
studies have allowed me to develop expertise in
crystallography, magnetism, and thermodynamics,
which | now seek to apply in the exploration of

asymmetric quantum materials.

On 7th January 2025, | joined the Kyushu
Institute of Technology for a two-year postdoctoral
position under Prof. Kazuyuki Matsuhira as a part of
the C02 project—"Development of Novel Asymmetric
Quantum Materials." In our laboratory, the primary
research focus lies in investigating novel phase
transitions and current-induced cross-correlated
physical phenomena in Ir-based oxides and other

5d transition metal compounds. A central theme of

=
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Postdoctoral Researcher, Graduate School of Engineering, Kyushu Institute of Technology

our work is the study of electric toroidal ordering, an
emerging area of condensed matter physics that
remains largely unexplored and holds significant

potential for future discoveries.

These asymmetric quantum materials hold
great promise for applications in sensors, actuators,
energy harvesting devices, and next-generation
memory technologies. For example, the search for
high-performance, lead-free piezoelectric materials
is a major focus in material science, driven by both
environmental concerns and evolving technological
demands. However, finding suitable alternatives is
challenging, as insulating behavior is often required
to prevent the screening of electric polarization.
Recent discoveries of piezoelectricity in two-
dimensional materials—such as transition metal
dichalcogenides, black phosphorus, and hexagonal
boron nitride—despite their non-piezoelectric bulk
counterparts, have opened exciting new avenues
for nanoelectronic applications. Materials like
AgCrSez and RbFe(MoOa4)2, which combine polar
structures with tunable conductivity or magnetic
interactions, demonstrate how spin, charge and
lattice degrees of freedom can be harnessed to
yield useful multifunctional properties.

So far, we have studied the hexagonal
perovskite BasBilrsOs2 compound using low-
temperature powder X-ray diffraction to identify the

order parameter of a long-debated phase transition



at 215 K. Additionally, we have investigated the

anisotropic lattice distortion in CaslrsO+2 under
applied current at BL-4C@KEK-PF. In relation to
that, we have studied the temperature, frequency,
and voltage dependence of the piezoelectric
response using Laser Doppler Vibrometer (LDV)
measurements on CaslrsO12. These measurements
revealed a clear piezoelectric signal below 150 K,
followed by the appearance of a Joule heating
signal at higher temperatures. Detailed analysis of
the collected data is currently in progress. In future,
we will conduct LDV measurements on pyrochlore
oxide Cd2Re207 and other related materials.
Additionally, XMCD (X-ray Magnetic Circular
Dichroism) measurements at BL39XU@SPring-8
were conducted to investigate the possibility of

magnetic octupolar ordering in Caslr:O12 at 7.8 K.

This opportunity to explore new materials
and advanced experimental techniques has been
deeply motivating and instrumental in shaping my
long-term research goals. Beyond the lab, the calm
and composed rhythm of life in Kitakyushu—so
different from the fast-paced world—offers an ideal
setting for living, learning and growing as both a
scientist and a person. | look forward to seeing you
at upcoming JPS meetings and workshops related

to this project.
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