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Research Summary:

I am working on mathematical physics. In particular my recent interest is in topological gauge/string
theory and supersymmetric gauge theories. Gauge theory, or the Yang-Mills theory is the most fun-
damental mathematical framework underlying the Standard Model of Elementary Particles, which
is being confirmed by the recent discovery of “Higgs particle” by LHC at CERN. However, the
Standard Model still has a few puzzles and does not incorporate gravity. The idea of supersymme-
try is expected to resolve some of the puzzles and string theory is the most promising candidate
for the unified theory including gravity.

In the study of these theories the quantum dynamics at strong coupling plays a crucial role. This
is a difficult problem in general, since we cannot rely on the perturbation theory, which has been
successful in the Yang-Mills theory at weak coupling. In such a circumstance exactly solvable mod-
els, even if they are toy models, are very valuable, since they will tell us some aspects of quantum
dynamics beyond the perturbation theory. They are also called (quantum) integrable system. Ex-
act solvability in quantum filed theory usually follows from infinite dimensional symmetry and/or
the idea of dualities which exchanges the weak coupling and the strong coupling regions. Topo-
logical gauge/string theory is a typical example. The representation theory of infinite dimensional
symmetry and the combinatorics are main mathematical tools for exact solvability. Combined with
the idea of the moduli space, exactly solvable models in supersymmetic gauge/string theories some-
times “solve” hard enumerative problems in symplectic/complex geometry, for example through the

mirror symmetry.
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Message to Prospective Students:

The recent topics of Small Group Class (the tutorial seminar) in the master course include the
theory of solitons and instantons, the geometry of generalized complex structure and the quantum
theory of gauge fields. Though basic knowledge of classical and quantum mechanics is preferable,
it is not absolutely required. More important point is that you are full of curiosity.

The theory of integrable systems is one of the main subjects in mathematical physics. A typical
method in mathematical physics is to construct the models of physical system of interest and
analyze them by making a good use of mathematics. In this sense the exactly solvable models are
quite remarkable both in mathematical and physical points of view. They give us valuable lessons
on physical phenomena which are hard to access by approximations, while deep mathematical
structures, such as symmetry and duality, underlie the integrability of the models. In the study of
integrable systems the computation by hand and/or computers is also an important business.

To give you some impression on the theory of integrable systems, let me mention my favorite
examples; the first one is the theory of solitons which is closely related to conformal field theory
on the Riemann surface. A good reference is the following textbook:

e T. Miwa, M. Jimbo and E. Date ; translated by Miles Reid, Solitons : differential equations,
symmetries and infinite dimensional algebras, Cambridge University Press , 2000.

The second example is the Seiberg-Witten theory of N' = 2 supersymmetric Yang-Mills theory in
four dimensions. You may find several good review articles at “arXiv” : http://arxiv.org/. The
followings are examples in early days:

e Adel Bilal, Duality in N=2 SUSY SU(2) Yang-Mills Theory, http://arxiv.org/abs/hep-th/9601007.

e L. Alvarez-Gaume and S.F. Hassan, Introduction to S-Duality in N=2 Supersymmetric Gauge
Theory, http://arxiv.org/abs/hep-th/9701069.



