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Quantum Materials
Yoshiteru Maeno
Kenji Ishida
Shingo Yonezawa
Shunsaku Kitagawa
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A number of interesting quantum phenomena, such as non-Fermi liquid behavior and unconventional
superconductivity, often emerge in systems in which electrons are strongly interacting with each other. Some of
these can even be classified as topological quantum phenomena. In Quantum Materials Laboratory, we study
these novel quantum condensate states including quantum critical phenomena and spin-triplet superconductivity.
The material systems we cover range from transition-metal oxides and intermetallic compounds to organic
materials. Using various techniques of material synthesis and crystal growth, we develop new systems which
exhibit such quantum phenomena. We investigate the mechanism behind these phenomena through
macroscopic measurements such as electronic transport, magnetization, and specific heat, as well as microscopic
measurements such as nuclear magnetic resonance (NMR).

Please contact us if you are interested.

For more information, visit our web site:  http:/www.ss.scphys.kyoto-u.ac.jp/index.html.en
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Quantum Condensed
Matter
Yuji Matsuda
Takahito Terashima
Yuichi Kasahara
Shigeru Kasahara
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We experimentally study exotic quantum condensed matter that is attributed by many-body electrons or spins
in solids, using macroscopic and microscopic probes and crystal growth. Moreover, we are working on
developing a state-of-the-art in situ observation of the electronic states by a combined system of scanning tunnel
microscope and molecular beam epitaxy, searching novel materials by fabricating thin films and artificial
superlattices of heavy-fermion compounds, and studying quantum interference effect by nano-structure
fabrications. Our main target is (1) exotic superconducting states and their superconducting symmetry, (2)
heavy-fermion state and their artificial control, (3) non-Fermi liquid behavior and quantum criticality, (4)
elemental excitations in quantum liquid system, and so on.

Please contact us if you are interested.

For more information, visit our web site: http://kotai2.scphys.kyoto-u.ac.jp/index.php
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Low Temperature Physics
Yutaka Sasaki
Akira Matsubara

Our aim is to study intrinsic and universal properties of quantum many-body system by investigating various
quantum condensates achieved in simple physical systems at a micro Kelvin temperature range. We investigate
quantum condensates such as superfluid *He, superfluid “He, nuclear ordered solid 3He, solid “He and their
mixtures by various in-house-developed experimental techniques such as nuclear magnetic resonance (NMR),
magnetic resonance imaging (MRI), ultrasound transmission, oscillating micro mechanical system. Our interests
involve a variety of physics such as spin dynamics, order parameter dynamics, interaction between elementally
excitations, quantum phase transition, macroscopic quantum tunneling. Japanese language capability is not
necessarily to join our laboratory.

Please contact us if you are interested.
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Quantum Optics
Yoshiro Takahashi
Yosuke Takasu
Yutaka Yoshikawa
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Recently there has been great progress in the techniques of cooling and manipulating neutral
atoms by laser light, which enables us to control atoms of strongly-interacting many-body system
with extremenly high level. We are perfoming an experimental study of condensed matter physics
with a new approach using ultracold quantum gases such as a Bose-Einstein condensate and a
Fermi degenerate gas using ytterbium atoms. The current topics include (1) study of strongly
interacting quantum many-body system and topological physics using a non-standard optical
lattice, (2) observation and manipulation of single atoms in an optical lattice by quantum gas
microscopy, (3) quantum annealing with ultracold atoms in an optical lattice, (4) quantum
simulation of impurities, etc.
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Soft Matter Physics
Jun Yamamoto
Yoichi Takanishi
Yoko Ishii
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Soft matter physics laboratory investigates experimentally the fundamental physics of “soft matter”, such as
liquid crystals, polymers, emulsions, gels, biological materials etc. For example, (1) Analysis of the hierarchical
and heterogeneous nano structures in the fiustrated systems using X-ray scattering or optical microscopes. (2)
Dynamics of soft matter using dynamic light scattering, electro optic response, visco-elastic measurement. (3)
Molecular Manipulator driven by spatial distribution of order parameter. (4) Lubrication of molecular motion on
the slippery interfaces.

Please contact us if you are interested.

For more information, visit our web site: http:/softmatter.scphys.kyoto-u.ac.jp/
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Quantum Beam Structural
Biophysics
Yukio Morimoto
Masaaki Sugiyama
Rintaro Inoue
Akio Kawaguchi
Akiko Kita
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Quantum beam scattering and diffraction is the most powerful technique to investigate and clarify the
structure and function of materials, so we have concentrated on studies of structural biophysics, strategic
structural research for protein complexes under the crystal and/or solutions, the structure of various kinds of
amorphous materials. This research group studies the static and dynamical structures of functional materials with
atomic- or nano-scale structures such as supercritical fluid, polymer aggregates, gel and protein. Also we have
actively collaborated with other high-flux facilities: KENS, Tsukuba and J-PARK, JRR-3M, Tokai, and
synchrotron radiation sources. In addition, we are developing a spectrometer and analyzing methods. Therefore,
we are joining the TAIKAN project (SANS in J-PARC) and also developing a SANS and SAXS simulation
with RMC algorism.

Please contact us if you are interested.
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Nonlinear Dynamics
Shin-ichi Sasa
Shigeru Shinomoto
Michikazu Kobayashi
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The terms “macroscopic”, “non-equilibrium”, “classical”’, and “‘dynamics” are sometimes used in contrast to
“microscopic”, “equilibrium”, “quantum”, and “structure”, respectively. By making a bridge between the two
opposite ideas, we explore a deep understanding of natural phenomena.With the “deta deluge” caused by
dramatic strides in the neuroscience, some of us are tackling a problem of decoding information and revealing
the information processing in the brain by developing analytical methods based on state-of-the-art statistical
theory.

Please contact us if you are interested.

FSEE K OB ORIZENE OF B XA — 23— (http:/www.scphys kyoto-u.ac jp/research/group/physics-1/) (Z g X4
TWDEER T BRIy,
Detailed description of each research group can be found in the departmental homepage

(http://www.scphys.kyoto-u.ac.jp/research/group/physics-1 _e.html).
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