
FUNDING PROGRAM FOR NEXT GENERATION WORLD-LEADING RESEARCHERS

1. Background of research
Recently, next-generation solid state devices, where quantum many body effects play a key role, are invoking
great interest in both fundamental and technological points of view. These devices have features and
functionalities essentially different from those of the conventional semiconductor devices, and are expected to
make a significant contribution to Green Innovation. To realize them, we have to quantitatively understand
quantum and/or many-body systems in their nonequilibrium regime as well as the equilibrium one, although this
challenging issue still remains to be addressed.

2. Research objectives
In this study we experimentally tackle the above issue by probing the electron dynamics in nano-fabricated
solid state devices. We aim at constructing a systematic and quantitative scheme to treat the nonequilibrium
quantum many-body effects, which could go beyond the conventional linear response theory.

3. Research characteristics (incl. originality and creativity)
The fluctuation theorem (FT) proposed in 1993 lies at the heart of the present study. The linear response theory,
which was established in 1950’s, provides us the reliable and robust scheme to address the response of
physical systems, while it is justified in the vicinity of the equilibrium state. As FT is proved to be exact even in
the nonequilibrium regime, it could serve as the guiding principle to treat the nonequilibrium quantum many-
body effect and potentially becomes one of the central concepts in exploring new nonequilibrium properties in
solid state physics. By using original high resolution quantum noise measurement system, we will
experimentally prove extensive validity and applicability of FT.

4. Anticipated effects and future applications of research
While it is motivated by the technological requirements for the next-generation devices, the present study also
pursues the invention of methodology for nonequilibrium quantum many-body physics on the basis of FT. We
hope that our precise quantum noise and dynamics measurements will bridge over quantum physics and
statistical physics in the vast unexplored field of nonequilibrium physics.
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