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Discoveries of new materials, for example, high temperature
superconductors, organic superconductors, graphene, and topological
insulators, have often opened new horizons in materials science.
Application of extreme conditions of low temperature, high pressure,
and high magnetic field have also revealed various unexpected
properties of matters, such as superconductivity and quantum Hall
effect. The goal of the Division of Condensed Matter Science is to
uncover novel phenomena that lead to new concepts of matter, through
combining the search for new material and the precise measurements
under extreme conditions.

Each group in this division pursuits its own research on synthesis of
new materials and high quality samples, or on precise measurements
of electric, magnetic, and thermal properties, based on their own free
ideas. Their main subject is to elucidate various phenomena which
emerge as a concerted result of electron correlation, frustration,
topology, and molecular degrees of freedom, in various materials such
as organic conductors, atomic layer (two-dimensional) materials, and
topological materials.
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Development and studies of structural and physical properties for
novel organic (super)conductors and proton conductors based upon
molecular degree of freedom
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Development and studies of structural and physical properties for
electron-proton coupled molecular functional materials
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Studies of responses by external stimuli (magnetic and electric fields,
temperature, pressure) for molecular materials
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Study of organic field effect transistor
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Novel organic superconductors: (i)single crystals of Mott-type k-ET2Cu(NCS); and
(ii) electrical resistivities under pressures for charge-ordered-type p-(meso-DMBEDT-
TTF)2PFs.

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

Materials science has made great progress with the discovery of new
materials that give us new concepts.

In this laboratory, we are focusing on molecular materials, which are
condensed molecules with internal degrees of freedom, and exploring
their unique functionalities such as electron and proton conductivities,
magnetism, dielectricity, external field response due to their pressure and
electric fields, and field-effect transistor properties. The development of
novel functional molecular materials has become the basic research for
materials and devices that support organic electronics, such as coated
organic conductors and electrolytes for fuel cells.

Molecular materials are attractive because 1) they can be designed and
controlled, 2) the Coulomb interaction between electrons is large, and
the wave and particle properties of electrons compete with each other,
and 3) they are soft, so they exhibit unique external field responses.

In Mori's group, we discovered and studied the properties of the
new Mott-type k-ET>Cu(NCS); and charge-ordered B-(meso-DMBEDT-
TTF)2PFg organic superconductors (left figure). More recently, we
have developed a pure organic conductor (right figure) in which
hydrogen-bonded protons and conduction electrons are dynamically
concerted, exhibiting a switching phenomenon between conductivity and
magnetism.
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Switching behavior of electrical resistivity and magnetism due to large deuteron isotope

effect in proton-electron correlated purely organic conductors k-X3(Cat-EDT-TTF)>
(X=H, D).
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Topological properties of organic Dirac fermion systems
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Electronic structure and quantum transport in two-dimensional
materials
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Angle-dependent magnetotransport and interlayer coherence in
layered conductors
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Quantum size effect of ultra-thinning on magnetic-field-induced
electronic phase transitions in graphite
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(a) Band structure of organic Dirac fermion system with a charge order gap and Berry
curvature of its conduction band. When the system carries electric current, the occupied
region shifts from the Fermi surface. (b) Nonlinear anomalous Hall effect. (c) Chemical
potential dependence of the Berry curvature dipole.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/osada_group.html
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Osada group aims to search, elucidate, and control novel electronic
states, quantum transport phenomena, and topological phenomena in
atomic layer (two-dimensional) materials, topological materials, and
artificial nanostructures, by transport measurements (dc/ac electric
transport, thermoelectric effects, etc.) under high magnetic field, low
temperature, and high pressure environments. The main experimental
tools include device fabrication of atomic layers, their complex stacks
and nanostructures using advanced microfabrication/evaluation
equipment (electron-beam lithography etc.), precision measurement
of double-axial angle dependence in superconducting magnets, high
magnetic field measurement with 40T-class miniature pulse magnet.
Simple theoretical studies are also performed in parallel. Recently,
we have focused on topological electronic states (quantum Hall
ferromagnetic state, Chern insulator state, etc.) and transport phenomena
(nonlinear anomalous Hall effect, etc.) in organic Dirac fermion systems
and t-type organic conductors, quantum transport in twisted bilayer
graphene and black phosphorus ultrathin films, and quantum size
effect of ultra-thinning on the magnetic-field-induced electronic phase
transitions in graphite.
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(a) Band structure of the nanoribbon of the t-type organic conductor with a finite spin-

orbit coupling. There appear helical edge states in the gap. (b) Energy levels of the t-type
organic conductor under magnetic fields. Spin splitting with orbital origin can been seen.
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Study of strongly correlated-electron systems at ultralow temperatures
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Study of thermal Hall effects of charge-neutral excitations in insulators
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Multipole orders studied by NMR measurements
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The ultralow temperature cryostat at ISSP. Nuclear demagnetization cooling enables
experiments down to 1 mK under a magnetic field up to 10 T. The lower left picture is an
enlarged view of the experimental space. The lower right picture shows a cantilever cell
for torque measurements.

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

What happens when materials are cooled down close to absolute zero
temperature? It sounds a boring question because everything freezes at T'
= 0. It is NOT true, however, because quantum fluctuations persist even
at absolute zero temperature. The richness of low-temperature physics
was first demonstrated by Heike Kamerlingh Onnes at 1911, who was
the first to liquify Helium and reached ~ 1 K. He discovered that the
resistance of mercury suddenly vanished at low temperature. Followed
by this discovery of the superconducting transition, many amazing
quantum phenomena — superfluid transition of Helium, Bose-Einstein
condensations of Alkali Bose gases — were found at low temperatures.

We are interested in these quantum condensed states at low temperatures
where the thermal fluctuations are negligible. Especially, we are now
challenging measurements of correlated electron systems at ultralow
temperatures (below 20 mK) where many interesting phenomena have
remained unexplored due to technical difficulties. Further, we are
studying thermal Hall effects of charge-neutral excitations (phonons
and spins) in an insulator, as well as detecting multipole orders by NMR
measurements.
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The temperature dependence of the thermal Hall conductivity xy, of Cd kapellasite
samples. Although the temperature dependence of all samples are similar, the magnitude
of xyy is found to depend on the magnitude of the longitudinal thermal conductivity. The
inset shows the setup of the measurements.
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I am interested in low dimensional materials and in particular organic
superconductors, graphene like systems and topological materials.
Recently, our group studied, theoretically, the role of mechanical
strain on the electronic and vibrational properties of two-dimensional
materials. We looked for the possibility of a strain induced valleytronics
in graphene and the emergence of flat bands in strained twisted bilayer
graphene and metal transition dichalcogenides. We also investigated the
interplay between strain and topology in Chern insulators. We found that
strain could induce topological phase transitions in systems with chiral
and anti-chiral edge states.

At the Institute for Solid State Physics, my work will be devoted
to the strain effects on the thermal transport and magnetotransport
properties of twisted bilayer graphene, organic Dirac fermion system
a-(BEDT-TTF),l3, and topological materials, in collaboration with the
experimental group. I am also willing to investigate the behavior of the
helical edge states in strained organic conductors.
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