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The study of topological phases of quantummatter has benefited from its connections to topolog-
ical field theory (TFT). A partial dictionary between the two structures allows mathematicians
to translate concepts from one picture to the other, where new insights can be gleaned. The
correspondence is more of an intuition than a rigorous statement (and recent studies have iden-
tified exceptions to it), but there are settings where it can be made precise. This essay aims to
understand the connection between topological phases and TFT through concrete constructions.

The course begins with an introduction to TFT and Atiyah’s axioms, which are used to classify
TFTs in low dimensions. Famously, 2d TFTs are described by commutative Frobenius algebras.

We will then discuss state sum constructions. The idea of a state sum is to discretize partition
functions as products of local amplitudes on the simplices that triangulate spacetime. Then, by
imposing local relations on these amplitudes, partition functions can be made to be independent
of the triangulation; that is, made to be topological. We will give special attention to Dijkgraaf-
Witten theory, which is a state sum model for topological gauge theory. Another point of focus
will be the state sum construction of the 2d TFTs examined previously.

Finally we will turn to 2+1d topological lattice models such as quantum double and string-net
models. Our discussion will center on the relationship between topological state sums and the
projected entangled pair state (PEPS) tensor networks that describe these models.

Prerequisites

It will be assumed that you have taken an advanced quantum mechanics course similar to Part
II Principles of Quantum Mechanics. This course is designed to complement the discussion of
topological quantum many-body physics made in the Topological Quantum Matter and Quan-
tum Entanglement in Many-body Physics courses in Lent term; basic familiarity with the key
concepts from these courses will provide useful context but is not required.
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Additional support

Accompanying office hours will be offered.
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