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Condensed matter physics has progressed significantly through the
discovery of new materials, new phenomena, and new concepts. A
prime example is the research on strongly correlated electron systems,
a traditional strength of the Institute for Solid State Physics (ISSP).
Breakthroughs often occur at the intersection of various research fields.
With this in mind, the Quantum Materials Group was established to
foster interdisciplinary studies that enhance collaboration between
experimental and theoretical groups, transcending traditional research
disciplines. The group comprises two core groups and twelve joint
groups, all of which vigorously pursue research to discover novel
quantum phases and functional materials in correlated electron/
spin systems. Their efforts include synthesizing new materials in
bulk and thin-film forms and characterizing them using cutting-edge
measurement systems. Additionally, device fabrication is undertaken
for spintronics applications. These experimental endeavors are
complemented by active discussions and close collaboration with
theoretical groups, which employ advanced theoretical approaches and
numerical methods to explore new topological phases.
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Anomaly in quantum field theory and classification of quantum phases
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Unified theory of nonlinear electrical conduction
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Electronic states and transport phenomena on networks
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Design and study of exotic spin liquids
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Spin structure factor found in Monte Carlo Simulation of a magnet on a Breathing Pyro-
chlore lattice, which realizes a higher-rank gauge theory.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/oshikawa_group.html

We pursue universal concepts in physics, especially in quantum
many-body systems. As an example, based on anomaly in quantum field
theory, we introduced a new classification of gapless quantum critical
phases in the presence of symmetries. This opened up a new direction in
classification of quantum phases. On the other hand, taking advantage
of novel theoretical concepts, we also aim to give a unified picture on
experimental data and to make testable predictions for experiments.
For example, recently we introduced a “network model” of quantum
wires in order to describe electronic states in the charge-density-wave
material 1T-TaS, and demonstrated a realization of flat bands. Unlike
most of the known constructions of flat bands, in our novel mechanism,
the flatness is protected by symmetries and is robust. Furthermore,
we investigate possible realizations of higher-rank gauge theories and
fracton topological phases in frustrated magnets and their experimental
consequences. Much of our research is carried out in international
collaborations.
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Electronic states on a network. An interference effect protected by symmetries guarantees
the robust appearance of flat bands.
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Room-temperature topological transport in magnetic materials
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Strange metal behavior and unconventional superconductivity in
strongly correlated materials
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Manipulation of topological states for spintronics and energy
harvesting applications
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PrixLaxTi2Abo DEEHER, IEFEREBEENRIMBTHE (BAK) #HRNTHR
N3, [Nat. Commun. 16,2114 (2025)]

Low temperature phase diagram for Pri.xLayTi2Al2p. Unconventional superconductivity
appears in the ferro-quadrupole ordered phase (inset). [Nat. Commun. 16, 2114 (2025)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakatsuji_group.html
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The condensed matter physics is considered one of the most versatile
subfields of physics, embracing big ideas from particle physics,
cosmology, and quantum information. Recently, the concept of topology
has brought up a new era in condensed matter research that integrates
a diverse spectrum of fields and topics, bridging basic science with
technological innovations. Thus, it is critical to push beyond the
traditional disciplines to establish new conceptual framework and to
target at the significant problems. Our research activities focus on
designing and synthesizing new materials with emergent quantum
properties that have never been seen before, then exploring the
physics and functionalities of such properties with our world-leading
measurement facilities. Our goal is to lead the innovative quest for new
quantum materials that bear a far-reaching impact not only on basic
science but also on our everyday life in the future.
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Mn3Sn/MnN FEBIED £ & R — VIR KR ORISR ENE. BIBTRAHEITSER
BOFMIKELIERBDY 7 FHAEELTWNS (EAK), [Adv. Mater. 36
2400301 (2024)]

Field dependence of the anomalous Hall resistivity of the Mn3Sn/MnN bilayer. The hori-
zontal shift is induced after field cooling and its direction is determined by the sign of the
cooling field (inset). [Adv. Mater. 36 2400301 (2024)]
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Chiral molecular spintronics
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Quantum material spintronics
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Operando spectroscopy using pulse laser and synchrotron radiation
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Brain-inspired computing using spintronics
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Associate Professor MIWA, Shinjii
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Adv. Mat., Frontier Sci.
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Chiral molecular spintronics: a, An example of a unique nanostructure. b, Chiral molecule
and symmetry. ¢, Thermally driven spin polarization induced by chirality-induced spin
selectivity (CISS).
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https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/miwa_group.htm]

We are conducting experimental research on the physical properties of
unique nanostructures. Specifically, we utilize ultrahigh vacuum thin
film growth technology, a development from semiconductor engineering,
to study multilayer devices composed of interfaces between different
materials. Our focus is on the properties of “spin”, which become
pronounced at the nanoscale. Our goal is to uncover new physical
properties exhibited by novel material devices, to functionalize these
properties, and to understand the underlying physics for creating device
properties with significant effects at room temperature.

Recently, our research has concentrated on the chirality of materials.
Chirality is a property that finds relevance not only in physics but also
in chemistry, biology, and astronomy. We are especially progressing
in research on spintronic devices that exploit the chirality of organic
molecules. Additionally, we are investigating the device properties
of topological antiferromagnetic materials—quantum materials—and
developing "operando spectroscopy" techniques using femtosecond
pulse lasers and X-ray spectroscopy.
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Quantum materials spintronics: a, Spin and crystal structure of the topological antiferro-
magnet Mn3Sn. b, Transmission electron microscope image of the multilayer structure of
Mn3Sn prepared by molecular beam epitaxy. ¢, Tunnel magnetoresistance of the topologi-
cal antiferromagnet.
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Park Group
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Our laboratory focuses on developing spintronic materials and devices
and exploring the underlying physics of magnetic nanostructures.
Spintronics offers exciting opportunities for various device applications
including ultra-low power non-volatile memory, reconfigurable logic,
IoT sensors, and so on. In particular, we investigate spin-orbit torques
(SOTs), which enable ultrafast and energy-efficient magnetization
switching, providing an effective writing scheme for magnetic random-
access memory (MRAM). We have proposed new spin current source
materials based on ferromagnet/non-magnet bilayers that generate
unconventional SOTs with out-of-plane spin polarization, enabling field-
free SOT switching of perpendicular magnetization. Furthermore, we
have exploited this technology to implement spintronic security devices
and probabilistic computing.

Beyond SOTs, we further develop novel materials and devices to
enhance the spintronic device performance and functionality. Our
research includes orbital current-induced spin torques, electric
field control of the magnetization, spin thermoelectrics, spin Hall
nano-oscillators, and other emerging technologies.
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