27 ERRE/—K~ Vol.28 No.1

mARTRA CESHDN T = TIHRR

Unraveling quantum phenomena with ultracold
atomic gases
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I am Shun Uchino who is a member of the advanced
theoretical physics group. After receiving my Ph. D at
the University of Tokyo, I worked at Kyoto University,
University of Geneva, and RIKEN as a postdoc, and
then at Waseda University as an assistant professor.
In November 2020, I started to work at Advanced
Science Research Center (ASRC) as an Excellent Young
Researcher. Since then, I have been pursuing my
research with gratitude to JAEA and MEXT that offer
a wonderful environment for me.

Actually, I had originally studied nuclear physics
and had spent some time at JAEA in my master
course study. Just after that, however, I happened to
change my research subject and have come to work at
ultracold atomic gases whose energy scale is more than
17 orders of magnitude smaller than nuclear physics.
It is intriguing for me who has such a background to
come back to JAEA and to conduct my research in the
advanced theoretical physics group that mainly consists
of nuclear physicists. Anyway, I wish to explore new
research through active discussions with members in
ASRC.

In ultracold atomic gases, an atomic cloud at low
temperature trapped in the vacuum is concerned.
Such gases are known to be controllable artificial
quantum systems that allow us to control a variety
of parameters in quantum systems including an
interatomic interaction. By using this advantage, people
in ultracold atoms including me now focus on research
to understand the essentials of unsolved quantum
phenomena, i.e., quantum simulation. For instance,
two-dimensional Hubbard model expected to be a key
ingredient in high-Tc superconductivity and lattice

gauge theory that plays a crucial role in nuclear physics
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have already been realized in ultracold atomic gases. I
do believe that research on quantum simulation with
ultracold atomic gases is developing further through
interactions with different fields in physics.

In recent years, I have focused on research on
mesoscopic systems with ultracold atomic gases.
Mesoscopic systems were originally discussed in
solid-state physics and have been developed owing
to the progress of microfabrication technology in
semiconductors since 1980s. For instance, Aharanov-
Bohm effect and fractional charge in the fractional
quantum Hall effect have been measured in mesoscopic
systems in solids. On the other hand, mesoscopic
systems with ultracold atomic gases have rapidly
been developed since first realization of a two-terminal
transport system done by the Tilman Esslinger group
at ETH. Nowadays, mesoscopic physics research with
ultracold atomic gases is also known as atomtronics
being a cold-atom analog of electronics [1].

I feel that atomtronics is quite interesting, since
one can examine quantum transport that has yet to
be found in solid-state physics. A good example is
an anomalous transport phenomenon occurring in a
quantum point contact system found by the Esslinger
group [2]. More specifically, they found that by
increasing an attractive interaction between atoms,
conductance quantization expected in a two-terminal
system attached to a quantum wire is broken in such
a way that the conductance exceeds the quantized
value. Later on, I, together with Prof. Masahito Ueda
at the University of Tokyo, showed that the anomalous
transport phenomenon can be explained with transport
of preformed pairs that originate from superfluid
fluctuations [3]. In this way, atomtronics is an exciting
subfield that provides challenging quantum problems,
and experimentalists go hand in hand with theorists to
solve such problems.

Last but not least, spin degrees of freedom such as
hyperfine spins are controllable in ultracold atomic
gases. By using this technique, spin transport in both
bulk and mesoscopic systems has been done. So now,
atomtronics meets spintronics. Hopefully, I would also
like to explore such a direction in atomtronics through
discussions with experts of spintronics in ASRC.
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