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Abstract
Recent challenges and some emerging results in the
Mathematics-Materials Science are discussed.

Mathematics has developed in the interaction with other
scientific fields and at the same time contributed their devel-
opment by providing mathematical concepts and methods to
formulate their problems. Examples are, say, Group theory to
describe symmetries, partial differential equations to formu-
late mathematical models of phenomena in nature, probabil-
ity theory to describe randomness. Since modern technology
allows us to observe and control microscopic structure in ma-
terials and achieve useful functions, new mathematics are ex-
pected to bridge between microscopic structures and macro-
scopic properties. On the other hands mathematics to study
discrete objects has developed much in the 21 century. Dis-
crete Geometric Analysis is one of such attempts that bridge
between discrete and continuum by putting emphasis on geo-
metric viewpoints. When we consider materials as hierar-
chical networks; atom-atomic clusters-network of clusters-
nanostructure-materials, we can apply recent development of
Discrete Geometric Analysis.

Mathematics-Materials science collaboration has
started at the Advanced Institute for Materials Re-
search (AIMR), Tohoku University by setting the
target projects: “Non-equilibrium Materials based
on Mathematical Dynamical Systems”, “Topological
Functional Materials”, “Multi-Scale Hierarchical
Materials based on Discrete Geometric Analysis”
under the WPI program by the MEXT. In the talk,
some of emerging results obtained in the projects
are presented to understand relations between
structures and functions of materials in the univer-
sal language of mathematics.

More precisely, detections of hidden orders in amor-
phous like metallic glasses by using the Topological
Data Analysis, topological phases in disorder sys-
tems by using the K-theory in noncommutative ge-
ometry, and descriptions of carbon networks and
identification of continuum behind them by using
discrete surface theory and convergences in the
Gromov-Hausdorff topology are the examples we
would like to discuss.
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