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In December 2018, I
joined Advanced Science
Research Center (ASRC)
of JAEA by the Leading
Initiative for Excellent Young Researchers (LEADER)
program of Japan Society for the Promotion of Science

(JSPS). I am a member of the Research Group for Spin-
energy transformation Science and the Research Group
for Advanced Theoretical Physics at ASRC.

I obtained my PhD at the Department of Physics in
the University of Tokyo in 2013. After that, I moved to
the University of Texas, Austin in the United States,
and worked as an Overseas Research Fellow of JSPS
for two years. From April 2015 to November 2018, I
worked as an assistant professor at the Institute for
Materials Research and the Frontier Research Institute
for Interdisciplinary Sciences in Tohoku University,
and was in charge of research and teaching students.

My current research area is, generally speaking,
theoretical condensed matter physics. In particular,
my central interest is the physics of “Dirac/Weyl
electrons” in materials [1]. Originally in the 1920s, Dirac
and Weyl equations were invented as fundamental
equations for elementary particles obeying relativity.
Now in the 21st century, there have been proposed
and realized various crystalline materials that show
electron (quasiparticle) propagation obeying the Dirac
or Weyl equations, although they are at low energy
far from the relativistic regime. Perhaps the most
famous material among them is graphene, which is the
monolayer of carbon atoms. Search of three-dimensional
materials hosting Dirac/Weyl electrons, namely “Dirac/
Weyl semimetals”, is also rapidly growing over the
last half decade. Mathematical classification based on
crystal symmetries, determination of band structures
using first-principles calculation, and experimental
measurement of synthesized samples, are closely
related together to design various novel Dirac/Weyl
electron systems.

Motivated by such an intense search of Dirac/
Weyl electron systems, I am trying to find phenomena
characteristic to these materials from theoretical
aspect. In Dirac/Weyl electron systems, it is possible
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that the characteristics of Dirac/Weyl particles
established in the context of relativistic quantum
mechanics, such as the correlation between spin and
momentum (helicity) and the quantum (chiral) anomaly,
can result in measurable phenomena in materials that
are available in laboratories. In particular, recently
I have been focusing on the theory of nonuniform
magnetic textures in magnetic Weyl semimetals.
Nonuniform magnetic textures, such as magnetic
domain walls and spirals, have been studied in various
magnetic materials, in the context of fundamental
science as well as spintronics aiming for industrial
applications of magnetic materials. In magnetic Weyl
semimetals, the effect of magnetic textures on the
Weyl electrons can be described as the “axial gauge
field”, which is the idea developed in the studies of
relativistic quantum field theory and is derived from
the helicity structure mentioned above. Based on this
correspondence, I have given simple description about
the interplay between charge and spin currents carried
by the Weyl electrons and dynamics of magnetic
textures, which occurs more efficiently than in ordinary
magnetic metals [2]. I am now engaged in discussion
for experimental measurement of such phenomena in
magnetic Weyl semimetals.

It was during my master course when I first
encountered the physics of Dirac/Weyl electron systems.
At that time, I was in the group for theoretical nuclear
and hadron physics in the University of Tokyo, and was
learning lattice gauge theory, which is widely used for
analyzing the effect of strong interaction among quarks
forming hadrons by defining particle fields on lattice
with space-time discretization. In that process, I had
a chance to learn graphene as a ‘material realization
of Dirac particles on lattice” , and thus I started my
theoretical research on electron-electron interaction in
graphene by applying the techniques of lattice gauge
theory to graphene [3]. The number of graphene studies
was growing explosively in those days around 2010, and
I was struggling to understand theoretical papers on
graphene from the idea of lattice gauge theory. When 1
attended an international conference on graphene, I was
so overwhelmed by the diverse research topics treated
in the context of graphene.

Now it is about 10 years from those days. While I am
currently working as a researcher of condensed matter
physics, I am grateful for the opportunity to interact
with the researchers from nuclear and hadron physics
again at ASRC. Inspired by such an interdisciplinary
discussion, I have recently been involved in a
theoretical research project about mixtures of
relativistic and nonrelativistic particles, which is related
to both electrons in solid states and quark matter in
accelerators [4]. It will be my great pleasure to expand
my perspective on theoretical physics, and to launch
new research idea if possible, through such discussions.
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