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• Random matrix theory and its applications
• Semiclassical quantum theory

Research Summary:
I study random matrices from the viewpoints of fundamental theory and various applications.
The theory of random matrices (matrices with random number elements) originated in the field of
mathematical statistics at the beginning of the twentieth century. Since Wigner introduced random
matrices to the research of nuclear physics, the range of their applications has been expanded to
many areas, including analytic number theory, combinatorics, elementary particle physics, solid
state physics, statistical mechanics and ecology. In particular, the developments in the last two
decades can be described as explosive and new discoveries have been reported one after another.
One of the most important problems in random matrix theory is the universality of energy
level statistics. It is known that the energy levels of quantum systems are distributed according to
universal laws depending on the underlying classical dynamics. If the underlying classical dynamics
is chaotic, universal level correlations are observed in agreement with the prediction of random
matrix theory. I have investigated the relation between random matrices and semiclassical quantum
theory in order to clarify the cause of the universality.
Random matrices can also be applied to the network theory as mathematical models describing
the connection pattern of networks. The network theory is a focus of current interest due to the
popularization of mobile phones and internet. I wish to contribute to the study of such realistic problems, and as well to obtain inspirations from them to deepen the understanding of the
fundamental theory.
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Message to Prospective Students:
Possible themes in the master course can be listed as, for example, probability theory, statistical
mechanics, chaotic dynamical systems and network theory. These themes are universal and fundamental subjects in mathematical sciences, and deeply related to the theory of random matrices. It
is also possible to treat other themes, depending on the wish of the participants.
In the doctor course, I recommend students to take part in the research of novel areas, in which
the number of researchers is still relatively small, and to create their own styles of research. I also
like to encourage them to find influential and solvable problems by keeping eyes on the newest
developments.

