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ISBN 978-3-03719-086-9

Topological quantum field theories (TQFTs) produce topological invariants of manifolds
using ideas suggested by quantum field theory. The study of TQFTs has been especially
successful in low dimensions. In this monograph the author adapts ideas from the
theory of TQFTs to handle maps from manifolds to fixed topological spaces. This leads
to a notion of a (d+ 1)-dimensional homotopy quantum field theory (HQFT), which
may be described as a TQFT for closed oriented d-dimensional manifolds and compact
oriented (d + 1)-dimensional cobordisms endowed with maps to a given space X. In
particular, a (d+ 1)-dimensional HQFT yields numerical invariants of closed oriented
(d + 1)-dimensional manifolds endowed with a homotopy class of maps to the given
space, X.

This monograph develops the initial theory in a general setting, but then restricts
attention to the case that X is a K(G, 1), and to dimensions d = 1 or 2. (This is sufficient
to give a quite large set of applications, and to illustrate many new ideas.) The book
focuses, in particular, on algebraic structures underlying such HQFTs. These include
crossed G-algebras and crossed G-categories of various types.

The table of contents is too large to give in full, but the list of chapter titles gives
some idea of the scope of the monograph:

I. Generalities on HQFTs.
II. Group-algebras; in which the crossed G-algebras are introduced and studied.
III. Two-dimensional HQFTs.
IV. Biangular algebras and lattice HQFTs.
V. Enumeration problems in dimension two.
VI. Crossed group-categories and invariants of links.
VII. Modular group-categories and HQFTs.
VIII. Miscellaneous algebra.
Appendix 1.Relative HQFTs.
Appendix 2. State sum invariants of 3-dimensional G-manifolds.
Appendix 3. Recent work on HQFTs.
Appendix 4. Open problems.
Appendix 5. On the structure of braided crossed G-categories.
Appendix 6. Algebraic properties of Hopf G-coalgebras.
Appendix 7. Invariants of 3-dimensional G-manifolds from Hopf coalgebras.
The initial work on HQFTs dates from 1998 and was available in two lengthy preprints.

The theory is developed further in this book and various additional connections are
explored. (The appendices include material by Michael Müger and Alexis Virelizier.)

Timothy Porter
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