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The Division of Condensed Matter Theory is actively engaged in
theoretical research on the cutting-edge topics in condensed matter
physics. Theoretical studies play a crucial role in condensed matter
physics: those studies at various levels extract new discoveries from
experimental results, and novel theoretical predictions also start as
well as boost experimental works. For achieving a breakthrough
in the condensed matter physics, the research based on novel ideas
is essential and indispensable, in addition to continuous research
for increasing the predictive power based on existing theories.
This division now consists of three groups and six other groups
of concurrent members. Together with other theoretical groups,
the activity of this division covers various theoretical studies from
basic theory based on analytical methods to large-scale state-of-art
numerical computation using supercomputers, and actively develops
the theory for forefront research subjects in the condensed matter
physics. Discussions and collaborations are also actively pursued with
experimental groups inside and outside ISSP.
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Quantum transport phenomena in mesoscopic systems
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Nonequilibrium and transport properties in solids
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A two-level system coupled to two heat baths and an apparatus for continuous quantum
measurement. The quantum measurement of the two-level system affects the heat current
from the left to the right lead, which is called backaction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kato_group.htm]

Our laboratory is engaged in extensive theoretical research on transport
properties in the fields of mesoscopic and spintronics. Research on
mesoscopic systems has long focused on the quantum mechanical
properties of electrons. We are still pursuing new phenomena such as
non-equilibrium multi-embodiment phenomena, non-equilibrium noise,
and strong external field-driven phenomena. In the field of spintronics,
various spin transport phenomena are being studied, mainly in current
and heat/spin conversion phenomena.

In order to respond to these developments, our laboratory utilizes a wide
range of theoretical approaches, including non-equilibrium statistical
mechanics, quantum field theory, and many-body quantum theory.
Specific research examples include spin transport at magnetic-metal
interfaces, heat transport phenomena considering many-body effects
in superconducting circuits, the nonequilibrium transport properties of
Kondo quantum dots, and the generation of spin current in solids by
light. We are also working closely with experimental groups in ISSP.
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Illustration of spin Hall magnetoresistance. Spin absorption at the interface changes
according to the orientation of the Néel vector of the antiferromagnetic insulator, and the
magnitude of the magnetoresistance changes.
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Condensed matter theory
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Nonequilibrium phases of matter
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Nonequilibrium statistical mechanics
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DLEAAREEHRANRY M, [PRX Quantum 4, 030328 (2023)]

Symmetry of open quantum systems: Classification of dissipative quantum chaos. Peri-
odic tables of Sachdev-Ye-Kitaev Lindbladians. [PRX Quantum 4, 030328 (2023)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawabata_group.html
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Recent years have seen remarkable progress in the physics of open
quantum systems. In view of the recent rapid development of quantum
information science and technology, it seems urgent to develop a general
theory of open quantum systems. In our group, we are broadly interested
in theoretical condensed matter physics, with a particular focus on
nonequilibrium physics, to establish new foundations and principles in
contemporary physics. Our recent research highlights topological phases
of open quantum systems, as well as dissipative quantum chaos and
lack thereof. On the basis of fundamental concepts such as symmetry
and topology, we aim to uncover new physics intrinsic to far from
equilibrium.
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Hermitian bulk — non-Hermitian boundary correspondence. The interplay of Hermitian

topology and dissipation leads to new types of higher-order non-Hermitian topological
phenomena. [PRX Quantum 4, 030315 (2023)]
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Electronic states and unconventional superconductivity in strongly
correlated systems with d- or f-electrons
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Nonequibrium dynamics of quantum systems
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Phase diagram of an extended impurity quadrupole Kondo model including an additional
singlet level with excitation energy A. A new scaling form of Kondo temperature is
found near the phase boundary between local Fermi liquid and non-Fermi liquid phases. J
denotes the strength of quadrupole Kondo coupling.

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

Strongly correlated electron systems, particularly transition metal
compounds and rare-earth or actinide compounds are the main subjects
of our theoretical research. In these systems, strong electron-electron
interactions lead to a variety of interesting phenomena emerging at
low temperatures, such as various types of exotic magnetic orders,
unconventional superconductivity and density waves. We aim to
establish a unified theory for those complex properties and also predict
novel phenomena in those systems.

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 such as charge, spin, and
orbital. In these systems, many soft modes of fluctuations are coupled
to each other, and this affects the nature of quantum phase transitions,
as well as electronic states and dynamical properties including transport
phenomena. We also study systems with chiral structure and explore
novel behaviors of their phonon and electronic properties related to their
chirality.
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Energy flow of low-energy levels in the extended impurity quadrupole Kondo model with
the step number N in numerical renormalization group calculation. Left and right panels
show the results in the local Fermi liquid and non-Fermi liquid phases, respectively.
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