MAT2000: Topological invariants of 2-dimensional
Unoriented manifolds

Supervision: David Jaklitsch

Motivation: Topological quantum field theories are mathematical objects that assign
scalar invariants to manifolds in a way compatible with cutting manifolds and gluing them at
a common boundary. They relate geometry and algebra, but are also of interest in theoretical
physics (describe the fractional quantum Hall effect and Chern-Simons theory).

A folkore theorem states that 2-dimensional topological field theories for oriented man-
ifolds correspond to commutative Frobenius algebras. If, instead, one considers unoriented
manifolds, i.e., manifolds without a choice of orientation and non-orientable manifolds, the
algebraic object necessary to construct such a topological field theory requires an additional
structure, namely an involution.
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Figure 1: Topological invariance of the values assigned to glued manifolds

Goal: In a first stage the student should learn generalities about manifolds and cobor-
disms and the definition of Frobenius algebras and x-algebras. Afterwards, the idea is to
study one or two of the main constructions of two-dimensional topological field theories for
unoriented manifolds: in [KM97] are described the so-called lattice topological field theo-
ries and in [SchP12] the fully extended TEFT’s for unoriented manifolds are classified by a
type of x-Frobenius algebras. Depending on progress, in an advanced stage of the project,
it would be interesting to make a connection between these two approaches and compare
computations for specific examples.
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