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Abstract. The gauge and diffeomorphism anomalies are used to define the
determinant bundles for the left-handed Dirac operator on a two-dimensional
Riemann surface. Three different moduli spaces are studied: (1) the space of
vector potentials modulo gauge transformations; (2) the space of vector
potentials modulo bundle automorphisms; and, (3) the space of Riemannian
metrics modulo diffeomorphisms. Using the methods earlier developed for the
studies of affine Kac-Moody groups, natural geometries are constructed for
each of the three bundles.

The geometry of the determinant line bundle for the left-handed Dirac operator
y"(V,,+P_A,) on a unit sphere S* (P_ is the projection in left-handed components
of the spinor field and A4, is a Lie algebra valued vector potential) is known to be
closely related to the geometry of an affine Kac-Moody group, [M 1]. In fact, the
determinant bundle Det is an associated bundle to a U(1) bundle P over .«//%9
which in turn is a pull-back of the affine group LG with respect to a certain
homotopy equivalence «7/% — LG; here, </ is the space of vector potentials, ¥ is
the group of gauge transformations and LG is the loop group of the gauge group G.
The affine group LG is a U(1) bundle over LG. The connection form describing the
geometry of P (and of Det) is a pull-back of the central projection of the Maurer-
Cartan form on LG, [M2].

In this paper, I want to generalize the results of [M 1] and [M 2] to the case
when S is an arbitrary compact connected oriented Riemann surface of genus g =2
(the case g=1 is left as an exercise to the reader). In addition, I shall discuss the
geometry of the determinant bundle parametrized by the space .#/DiffS, where .#
is the space of Riemannian metrics on S. The determinant bundle on .#/DiffS is
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