NCG (Noncommutative Geometry), II
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In the second half of the course, we would like to illustrate some basic ideas and tools in
NCG through one example: noncommutative two tori, the simplest but most revealing one.
We shall explain in great detail how to adapt questions in differential geometry (metric struc-
ture and index problem) into an operator theoretical framework. The course is divided into
three parts.

e Various constructions of noncommutative two tori:

- Weyl quantization and 8 -deformation.

- Noncommutative quotients, that is, the “space of leaves” of Kronecker foliations.
The goal is to introduce the Heisenberg modules and discuss Morita equivalence
between noncommutative two tori.

¢ Riemannian aspects of NCG:

Connes’s spectral triple paradigm:

Notions of metric, complex structures, conformal structures, Spinc-structures in
the operator theoretical framework;

Twisted spectral triples, conformal change of metrics in [LM16, CM14];

Modular Gaussian curvature and Morita equivalence [LM16, CM14];
¢ Differential topological aspects of NCG:
— Connes’s computation of Hochschild and cyclic cohomology on C°°(’]I‘§), [Con85,

Part II, §6];

- Elliptic differential operators and index computation through pairings between K -
theory and cyclic cohomology. The goal is to understand Connes’s computation in
[Con80] and [Con94, Chapter 6];

We will mainly follow [Khal3], a quite friendly introduction, to explore deep topics like groupoids
algebra, Morita equivalence, Hochschild and cyclic cohomology, Connes-Chern characters.
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