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Electronic states and unconventional superconductivity in strongly
correlated systems with d- or f-electrons
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(top) Phase diagram of two-component quadrupoles in a triangular lattice. J =J cos a and
J =J sin a are isotropic and anisotropic couplings of neighboring quadrupoles. (bottom)
Quadrupole configurations in the ordered phases. 0, is the direction of local quadrupole
moment, while 5, = —0,/2 is the corresponding director direction.
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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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(left) Snapshot of director directions on A-sublattice sites in the IC-TQ phase. The system
is divided to three types of domains. (right) Local vorticity na(r) of A-sublattice direc-
tors shows a distorted vortex lattice pattern. Dislocations exist at the vermillion polygons
indicating an appearance of Kosterlitz-Thouless transition.
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