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I started to work at
Advanced Science Research
Center (ASRC) on the 1st of
January 2018 supported by

the Excellent Young Researchers program of Ministry
of Education, Culture, Sports, Science and Technology. It
has been almost two years since, which have absolutely
flown past as I have been able to take on unfamiliar tasks,
e.g. supervising a PhD student and running numerical
simulations on GPUs. All these have been possible only
with the support from the director and everyone else at
ASRC, and I am very grateful to have the environment in
which I can grow and excel at my will.

After I did my undergraduate degree at Kyoto
University, I went to the University of Cambridge in the
UK and spent five years to obtain a PhD degree. Back
then, I was studying General Relativity and Cosmology in
the Department of Applied Mathematics and Theoretical
Physics, driven by my core interest in applications of
differential geometry [1]. Towards the end of my PhD, I
happened to meet Prof. Eiji Saitoh who is also the leader of
our group at ASRC. He gave me the opportunity to switch
the field and work on Condensed Matter Physics. I took
it because I had always wanted to work on mathematical
problems that have direct representatives in the real
world and Materials Science seemed to (and does) offer
plenty. My background works in my favour in this diverse
and interdisciplinary field since I can grasp new concepts
and techniques quickly. Building on my experience,
I am aiming to bridge the gap between mathematics
and experiments, to be a theoretical physicist that can
efficiently communicate with both mathematicians and
experimentalists.

I am specifically targeting problems related to “angular
momentum’”. While it may sound abstract, loosely speaking
it measures the amount of rotation an object possesses.
You may well find it banal, but there is actually so much
more to angular momentum than the ordinary rotations
you encounter in everyday life. An example is spin, which

is a quantum mechanical version of angular momentum.
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Even though spin is a kind of rotation, it cannot be
visualised or understood in terms of classical physics. Spin
is very relevant since it is accompanied by a magnetic
moment and the magnets we use everywhere are made
of numerous spins that are aligned along a common axis.
In fact, every bit of angular momentum should carry a
magnetic moment. A rotating ball should be magnetic
as well, but it is predicted to be just way too feeble to
be noticeable. Thanks to the advanced nano-fabrication
technologies, experimentalists are observing more and
more phenomena where this subtle interplay between
magnetism and angular momentum is essential [2]. My
primary job is to study the experimental data and reveal
the principles behind them by applying solid mathematical
tools.

It also feels like there is something irresistibly attractive
about angular momentum from purely mathematical
perspectives. Angular momentum is the conserved
quantity associated with the rotational symmetry of the
fundamental laws of physics. Its classical mechanical
description is then completely dictated by the rotational
symmetry alone [3]. Angular momentum is a particle
constrained to move on a sphere and its dynamical
equation encodes both local (metric and curvature) and
global (topology) geometries of the sphere. This beautiful
dynamical structure essentially fixed by geometry
immediately implies the defining features of angular
momentum dynamics; the broken time-reversal symmetry
and chirality. When it is quantized, the sphere then gives
rise to su(2), the operator algebra of angular momentum.
While the study of mathematical structure of su(2) led to
the concept of spin in physics, it also resulted in a new
mathematical object, called spinor, which has turned
out to be an important tool in the later development
of differential topology. Although my research is not
directly connected to these aspects, the fact that angular
momentum is somehow intrinsically geometrical adds an
extra layer of excitement to it.

In hindsight, there has been a growing demand in
the last few decades for sophisticated mathematical (in
particular geometrical) techniques in condensed matter
physics fueled by the discovery of topological insulators.
Such trend is spreading to magnetism, and this year I was
able to publish a result for which my mathematical skills
were crucial [4,5]. When I first moved to this field, I was
not expecting to do anything this math-oriented and now
feel very lucky about being in the right place at the right
time. I am deeply thankful to Prof. Saitoh and many others
who allowed me to pursue my own interest. I would like
to repay the favour by making truly original contributions.
Exploring this vast but border-free world of science, I
will do my best to connect different disciplines through

efficient and frequent communication.
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