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I am Kouki Nakata.
I joined JAEA as a so-

called “Takuetsu-Reseracher” supported by Ministry
of Education (JSPS) under the Leading Initiative for
Excellent Young Researchers (LEADER: “Takuetsu”
program in Japanese). In 2014, I obtained my Ph. D.
in science from the Yukawa Institute for Theoretical
Physics, Kyoto University. Since then, I have worked
at University of Basel in Switzerland, collaborating
with Prof. Daniel Loss for four years [1]. Basel is in
northwestern Switzerland, and the Rhine river flows
through the city [Photo 1 (Upper)]. Basel is the third-
most populous city in in Switzerland after Zurich
and Geneva, and it shares borders with France and
Germany. The official language in the town is “Swiss”
German. The University of Basel, founded in 1460, is
the oldest university in Switzerland. Notable alumni
of University of Basel include Jung (psychologist:
1875-1961), Bernoulli (mathematician: 1700-82), Euler
(mathematician: 1707-83), and Nietzsche (philosopher:
1844-1900) [Photo 1 (Lower)].

Collaborating with Prof. Daniel Loss in Basel, who
is famous for having proposed a quantum computer
in 1997, which is called Loss-DiVincenzo quantum
computer nowadays [2], I have worked theoretically
on spin transport phenomena [1]. While electrons
have two degrees of freedom (charge and spins),
spin degrees of freedom have been disregarded in
conventional electronics. Using spins and focusing

on the flow of spins (spin current), I succeeded in
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Photo 1

(Upper) Rhine river that flows through Basel city. | have enjoyed walking along the river to my
office every morning. (Lower) Portraits concerned with the University of Basel. The one in the
middle is (possibly) Daniel
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theoretically proposing how to exploit the intrinsic
quantum-mechanical properties of nsulating magnets [1].
My research is expected to lead to the energy-saving
technology [3].

Especially, by using a geometric phase to exploit
the intrinsic topological properties of spins, I have
succeeded in theoretically proposing the realization of
a new type of topological insulators. The insulator is
expected to be robust against nonmagnetic impurity
scattering, where spin information is topologically
protected. Toward experimental realization, neutron
scattering measurements will be one of the most
promising approaches. Collaborating with my colleagues
at JAEA, I would like to perform such observations.

In 2016, Prof. D. Thouless, Prof. J. Kosterlitz, and
Prof. F. D. M. Haldane were awarded the Nobel
Prize (Physics) for their pioneering works on the
topological properties of materials; they introduced
the concept “topology” to Physics and established the
fundamental basis for it. By applying the concept to
material science, I have built a new bridge dubbed
“topological spintronics” between fundamental
physics and spintronics, thus exploiting the intrinsic
quantum-mechanical properties of spin currents. To
seek possibilities for the application of this energy-
saving technology, I continue to work on the so-called
spintronics, while being based in fundamental physics.
I thus open and establish a new direction, topological

spintronics.
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