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We are applying the methods of theoretical physics to
understand the properties of condensed matter structures
on the nanoscale, motivated by scientific curiosity, new
experimental discoveries and potential applications.

The exponential increase of the figures of merits of
information and communication technology in the past
decades, referred to as Moore's Law, is believed to break
down in the next decade due to excessive heat generation in
nanoscale Si-based electronics. Many researchers at Tohoku
University and elsewhere carry out research in order to find
solutions to this problem. We would like to contribute to this
task by the methods of theoretical physics, in particular by
understanding the quantum mechanics of transport properties
in nanostructures. This will lead to better understanding
of experiments on new materials, structures and devices
made from semiconductors, metals, insulators, magnets,
and superconductors. We strive to predict new physical
phenomena and invent new concepts for devices, engines, and
motors on the nanoscale with new functionalities in the hope
that they will be discovered or fabricated in the future.

Many of our activities are centered on the quantum
mechanics of the spin degree of freedom of the electron.
The science and technology of studying and controlling the
coupled spin and charge current is called “spintronics”. Only
recently, it has been fully recognized that heat currents are
strongly coupled to the spin as well, leading to a new field of
“spin caloritronics” (Figure 1). Here we study, e.g., the spin
Seebeck effect discovered by our experimental colleagues at
the IMR. Another research activity is devoted to the coupling
of the magnetic and mechanical degrees of freedom, such as
magnetic nanomotors that operate according to Feynman's
ratchet and pawl (Figure 2).

Figure 1 :Spin Caloritronics
is all about the interaction of
the spin angular momentum and
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Figure 2:Magnetic
nanomachine consisting of
a rotatable ferromagnetic
heat. wire with a domain wall.
The wire is connected to
two reservoirs at adjustable
temperatures T and voltages V and a magnetic field may be applied. The machine may be
operated as heat and electric motor, dynamo, cooler and thermoelectric generator.
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