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Research Summary:

My research areas are representation theory and algebraic geometry, in particular the topics

related to mathematical physics and special functions.

My interest in algebraic geometry is mainly on the derived category of sheaves on algebraic vari-

eties. Two keywords may be named: Fourier-Mukai transforms and Bridgeland stability conditions.

On these topics, I have co-authored papers [3] and [9].

My interest in representation theory is mainly on quantum algebras, in particular quantum

groups, Hall algebras and vertex algebras. In [1], we investigated the quantum integrable system

associated to Macdonald symmetric functions using representation theory of gl1 quantum toroidal

algebra (also called the Ding-Iohara-Miki algebra).

Since then, I have been studying the Macdonald polynomials, the family of q-orthogonal poly-

nomials associated to each affine root system. In the collaboration [7] with the doctor student

Kohei Yamaguchi-san, we studied the parameter specialization of Koornwinder polynomials, the

Macdonald polynomials associated to (C∨
n , Cn) affine root system, and gave some classification and

applications. In [8], we studied the bispectral Macdonald-Koornwinder functions and the parameter

specialization.

As an intersection of algebraic geometry and representation theory, I have been studying geo-

metric aspects of vertex algebras. In [5], I introduced the gluing construction of vertex algebras of

class S in the derived setting, using the derived symplectic/Poisson geometry. In [6], I introduced

an analogue of the canonical Li filtration of a vertex algebra for an arbitrary SUSY vertex algebra,

and relate the representation theory of superconformal vertex algebras to the Poisson geometry of

the associated superschemes.

Recently, I collaborated with the master student Yusuke Nishinaka-san [4] to establish the

algebraic operad encoding the structure of SUSY vertex algebras, and with Masamune Hattori-san

[2] to introduce the dynamical Ding-Iohara algebroids which unify the elliptic quantum groups and

Ding-Iohara quantum algebras.
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Message to Prospective Students:

Undergraduate students interested in algebraic geometry or (algebraic/geometric) representa-

tion theory will be welcomed. The reading seminar will be on standard texts such as the textbooks

1,2 and 3.

I also welcome graduate students who are willing to study Bridgeland stability conditions and

related topics, or geometric representation theory of quantum algebras. For examples of particular

topics, please see the books 4, 5 and 6 below.
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