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This Division conducts vigorous theoretical
research from a microscopic point of view at the
forefront of contemporary condensed matter physics,
statistical physics, and materials science, also in
collaboration of experimental groups. Its goals include
theoretical elucidations of experimental results,
developments of new concepts describing collective
behavior of interacting systems, useful theoretical
modeling of materials, and predictions of novel
interesting phenomena. The topics in recent research
span diverse areas as quantum phase transitions and
critical phenomena in quantum spin systems and
strongly correlated electron systems, heavy-fermion
physics, superconductivity in various materials,
frustrated systems, dynamic processes and catalysis at
surfaces, and quantum transport and interactions in
mesoscopic conductors. A wide variety of methods,
including modern approaches based on mathematical
concepts such as topology, quantum field theory, and
large-scale state-of-the-art computational approaches
such as quantum Monte Carlo simulations and
ab-initio calculation of electronic structures based on
the density functional theory, are utilized to inves-
tigate these problems. As a whole, this Division and
related theory groups cover a wide range of topics
and approaches in the cutting-edge condensed matter
theory.
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https://www.issp.u-tokyo.ac.jp/maincontents/organization/
labs/tsunetsugu_group.html
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Tsunetsugu Group
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Strongly correlated electron systems, particularly compounds
including d- or f-orbital electrons, are the main subjects of our
research. In these systems where electron-electron interactions
are very strong, a variety of interesting phenomena emerge at
low temperatures, and various magnetic orders, unconventional
superconductivity and density waves are typical cases.

Targets of our recent study include novel types of quantum
order and quantum fluctuations in frustrated spin and strongly
correlated electronic systems with multiple degrees of freedom.
In these systems, many soft modes of fluctuations are coupled,
and this affects the nature of quantum phase transitions, as well
as electronic states and dynamical properties including transport
phenomena. One of our recent achievements is about high-
harmonic generation (HHG) in solids illuminated by laser. We
have formulated this by Floquet theory and showed a different
scaling behavior with the input frequency compared with more
traditional HHG using gases.
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High-harmonic spectrum of electron current in a one-dimen-
sional tight-binding model of electrons. The cutoff order Npmax
: . 1 2.
represented by the arrow is proportional to FQ ™ o< EQ™ in
contrast to the conventional scaling Nmax o< Q7! in atomic
gases, where E and Q are amplitude and frequency of input
electric field, respectively, and F o< EQ~! is the electron-light
coupling.
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Electronic states and unconventional superconductivity in strongly correlated systems with d- or f-electrons
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Statistical physics of frustrated systems
3. EFHREHOHTEFHDOER

Theory of novel phases in quantum magnets
4. BFROFFEI1FIIR

Nonequibrium dynamics of quantum systems
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Kato Group
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Temperature driving
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Pumped charge per a cycle
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Main panel: Electronic charge carried by adiabatic pumping induced by
the time-dependent lead temperatures, T1(t) and Tr(t), per a cycle. Inset:
A schematic of the system. Here, U is the Coulomb interaction, I'y = I'r =
I'/2 is the lead-dot coupling, &4 is the energy level of the quantum dot, and
u = U/T is a dimensionless parameter of the Coulomb interaction.
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Quantum transport phenomena in mesoscopic systems
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Properties of interacting electron systems
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Non-equilibrium statistical mechanics and spintronics
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We are theoretically studying quantum transport in nano-
scale devices using analytic and numerical approaches. This
research field is called ‘mesoscopic physics, which has been
studied for a long time by focusing on the quantum mechan-
ical nature of electrons. Recently, mesoscopic physics based
on new viewpoints, for instance, nonequilibrium many-
body phenomena, shot noise, high-speed drive phenomena,
and spintronics has been studied. We aim to elucidate these
phenomena, by exploiting nonequilibrium statistical mechanics,
fundamental theory of quantum mechanics, and many-body
physics. Examples of our research activities are adiabatic
pumping in nanoscale devices, spin transport at an inter-
face between a ferromagnet and a metal, many-body effect in
thermal transport of phonons, and nonequilibrium transport
properties of the Kondo quantum dots.

We are also working on various research subjects related to
many-body effects and nonequilibrium phenomena. Examples
of these researches are structural phase transition in solid
oxygen and higher harmonics generation in solids. We are also
collaborating with experimental groups in ISSP.
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Upper two figures: Schematics for two mechanisms of spin-current genera-
tion (spin Seebeck effect and spin pumping). Lower panel: Temperature
dependence of nonequilibrium spin-current noises due to the spin Seebeck
effect, the spin pumping, and a thermal noise.
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