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Research Summary:

For the last several years, I have studied extension of soliton theories and integrable systems

to noncommutative spaces. In gauge theories, the noncommutative extension corresponds to intro-

duction of background flux and has been applied to the corresponding physical situations such as

the quantum Hall effects in background magnetic flux. Furthermore, in noncommutative spaces,

singularities could be resolved and therefore new physical (smooth) objects could appear. For ex-

ample, U(1) instantons are one of such new objects which come from resolution of singularity in

the (instanton) moduli spaces of the anti-self-dual Yang-Mills equations in four dimensional non-

commutative Euclidean spaces. This is also due to the fact that the ADHM construction can work

well in the noncommutative settings, and in this sense, integrability is also preserved (e.g. [1]).

Noncommutative solitons actually describe D-branes themselves in some D-brane configurations,

which makes us to analyze various properties of D-branes by analyzing those of noncommutative

solitons. The latter is sometimes much easier than the former and long-standing problems on

D-branes such as Sen’s conjecture have been exactly solved.

After the development of noncommutative solitons in the effective theories of D-branes which

are gauge theories, noncommutative extension of lower-dimensional soliton equations (e.g. KdV

eq. in scalar theories) had been also studied intensively (e.g. [2]). In [3], it is proved that many of

such lower-dimensional noncommutative soliton equations can be derived from the 4-dimensional

noncommutative anti-self-dual Yang-Mills equation by reduction. This result implies that the lower-

dimensional soliton equations also belong to gauge theories in this context, and hence have the

corresponding physical situations with background flux. These soliton equations can be embedded

to the N = 2 strings and can be applied to them via analysis of the exact soliton solutions.

In [4], we find a Bäcklund transformation for the noncommutative anti-self-dual Yang-Mills

equation and construct wide class of new solutions including not only noncommutative instantons

but non-linear plane-wave (domain-wall type) solutions. In the construction of the solutions, the

quasideterminants play cricial roles and simplify proofs in the commutative case. (For a survey of

quasideterminants, see, e.g. [math/0208146].) This is in common with the lower-dimensional soliton

equations (e.g. [5]). I look for a universal and essential structure and formulation of integrable

systems from the viewpoint of the quasideterminants.
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Message to Prospective Students:

I would be interested in mathematical structure behind the fundamental law of nature, currently,

quantum field theory and string theory. Any student is welcome to discuss with me. (Please note

that I am not a mathematician but a physicist.)

So far, I have been an adviser of seven graduate students. In the case of a main adviser, I have

had a meeting or an informal seminar to help them once per one or two weeks. The following lists

are a part of the relevant papers including collaborations with my students.
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