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Abstract. Following M. F. Atiyah and R. Bott [AB] and E. Witten [W], we
consider the space of flat connections on the trivial SU(2) bundle over a
surface M, modulo the space of gauge transformations. We describe on this
quotient space a natural hermitian line-bundle with connection and prove
that if the surface M is now endowed with a complex structure, this line
bundle is isomorphic to the determinant bundle. We show heuristically how
path-integral quantisation of the Chern-Simons action yields holomorphic
sections of this bundle.

1. Introduction

In [W], Witten studied a 2+ 1 dimensional quantum Yang-Mills theory, with an
action consisting purely of the Chern-Simons term,

CS(A)= 117; [ Tr (AdA+ %AAA).

He obtained the Jones polynomials of knots on S* and their extensions to other
3-manifolds as expectation values of Wilson loop functionals. A key point was the
identification of the quantum state space as the space of holomorphic sections of a
line bundle.
We first describe this line bundle from an algebraic point of view. Let M denote
a compact 2-manifold without boundary (with genus g =3 — the other cases can be
treated with analogous results), o/ the space of connections on the trivial SU(2)
bundle on M, <7 the space of flat connections, .o/} the space of irreducible flat
connections, and % the group of gauge transformations. Then it is well-known that
%/% is in a natural way a symplectic manifold. A choice of conformal structure
M, on M endows «/%/9 with a compatible Kéhler structure, and it can be
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