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Research Contents

I conduct research in differential geometry, particularly in the field of surface theory. In the differential
geometry of surfaces—a field said to have originated with Gauss—the concept of “curvature” plays a crucial
role as a quantity that describes the “shape” of a surface in space. Among these, a quantity known as mean
curvature is related to the surface tension of a surface (membrane), and surfaces with zero mean curvature
are known as mathematical models of soap films. Such surfaces are called minimal surfaces and have been
a major research topic in geometry since the 19th century. It is well known that the Olympic Stadium in
Munich, designed by Frei Otto, was designed using minimal surfaces.

An epoch-making achievement in the early days of minimal surface theory was Weierstrass representation
formula, which states that such surfaces can be represented by complex analytic data. Research in the theory
of minimal surfaces has evolved through the application of extensive knowledge from complex analysis. By
changing the ambient space (giving the space curvature) or considering conditions other than zero mean
curvature, representation formulas similar to the Weierstrass representation can be devised for various
classes of surfaces. From the 1990s through the early 21st century, we built a theory for this class of surfaces
using the Weierstrass-type representation formula for “surfaces of mean curvature 1 in 3-dimensional
hyperbolic space.” In parallel, we were examining representation formulas for diverse classes of surfaces;
however, in these classes, “singularities”—non-smooth points—often naturally appear on the surfaces. The
phenomenon of singularities appearing on surfaces was already well known in the 19th century, for example,
in the case of Beltrami’s pseudosphere. It is also known that singularities naturally arise on surfaces of mean
curvature zero in Lorentz-Minkowski space, which serves as a model for special relativity. We have defined
quantities that characterize the differential geometric properties of these singularities, thereby deepening
the field of “differential geometry of singularities.”

These results can be regarded as a continuation and development of classical differential geometry. Although
surfaces and their singularities appear everywhere in daily life, it seems there are still areas where classical
differential geometry can be applied. Furthermore, it has become known that certain types of surfaces
possess “good” discretizations due to their “integrability”. The implementation and discretization of surfaces
are inseparable topics, and we consider them to be worthy of attention.
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