Principal Bundles

Timetable: 16 hrs. First lecture on September 30, 2025, 14:30 (dates already fixed see Calendar
of Activities at https://dottorato.math.unipd.it/calendar/), Torre Archimede, Room 2BC30.

CFU/ECTS: 3
SSD: MATH-02/B

Course requirements: It will be helpful to come with some familiarity with topics like commu-
tative algebra, homological algebra, vector bundles, differential geometry, algebraic geometry,
different types of cohomology. We will try to fill in the necessary category theory as we go
along.

Examination and grading: Oral presentation of an argument related to the topics presented
during the lectures.

Aim: The course provides an introduction to the theory of principal bundles and shows some
applications in different fields of mathematics, ranging from arithmetic to mathematical physics.

Course contents:

1. Short introduction to Grothendieck topologies and sheaves. E’ tale cohomology, Céch
cohomology. Examples.

2. Principal bundles and torsors in topology, arithmetic geometry, complex analytic geome-
try, differential geometry, and algebraic geometry.

3. Groupoids, moduli spaces of vector bundles, vector bundles on the projective line and
other algebraic curves.

4. Stable bundles, Higgs bundles, Hitchin systems and their quantization.
5. Topological Quantum Field Theories and Frobenius algebras.
6. Defining Topological Quantum Field Theories with G-bundles.

Optional topics:
- Related topics in representation theory and group cohomology

Bibliography:
 Hitchin systems and their quantization, Pavel Etingof, Henry Liu, https://arxiv.org/abs/2409.09505

* “Frobenius algebras and 2D topological quantum field theories” (short version), Joachim
Kock https://mat.uab.cat/ kock/TQFT/FS.pdf

* “Vector Bundles and K-theory”, by Allen Hatcher https://pi.math.cornell.edu/ hatcher/VBKT/VB.pdf
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