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Murray’s principal research interest has been the study of Bogomolny monopoles. These
are solutions of a partial differential equation on R3 closely related to self dual Yang-Mills
or instantons. His thesis, under Atiyah’s supervision, developed the theory of monopoles for
groups of higher rank than SU(2). In a subsequent series of papers [2, 3, 7, 11, 12, 13, 14, 15 in
collaboration with Garland, Hitchin, and Hurtubise, he developed the twistor theory for such
monopoles, the rational map correspondence, Nahm’s equations and the theory of monopoles
whose structure group is a Kac-Moody or loop group. Notable amongst these papers are (7]
which fixed a mistake in an earlier paper of Hitchin’s removing a long standing obstacle to
further work and the paper with Hurtubise which provides the most detailed information so far
obtained for higher rank groups.

Most recently, with Manton and Hitchin [27] he studied the moduli space of monopoles and
the existence of monopoles with the symmetries of regular solids. This work has generated
considerable interest not only amongst monopole afficionados but with physicists as well. The
work on monopoles for higher rank gauge groups is presently being used quite extensively
by mathematical physicists, in particular, by Witten. Work of Murray’s student Connell,
and Murray’s recent extension of that work [31] has recently been taken up by mathematical
physicists in the study of the metric on the moduli space of monopoles.

A second line of research has been the theory of gerbes. Gerbes, first introduced by Giraud,
are sheaves of groupoids (categories) that give an abstract geometric realisation of the third
cohomology of a space in a manner analogous to the way a line bundle realises the second
cohomology, Murray in [24] invented and developed the theory of a simpler and more geometric
object that he calls bundle gerbes. With his collaborators he has been applying this theory
to anomalies in mathematical physics (the Faddeev-Mickelsson cocycle) [26, 28, 30] and other
publications [34]. In particular they have solved a longstanding puzzle namely how the Atiyah-
Singer families index theorem relates to Hamiltonian anomalies.

This work is also relevant to physics as recent work of Witten’s can been seen as requiring
a theory of non-abelian gerbes.

The third strand to Murray’s research has been an interest in applications of differential
geometry to statistics and vice versa. Essentially he has been studying the differential geometry
of a finite dimensional family of probability distributions. His book with Rice has become
essential reading for anyone interested in this topic. His work [8] on Taylor series on a manifold,
subsequently developed with collaborators in (16, 20, 25, 33] has shown that the statisticians
theory of ‘strings’ is best understood as the representation theory of the so-called ‘phylon
group’ — the group of all infinite jets of diffeomorphisms of R™ that fix the origin. Murray has
extensively studied that representation theory.

One of the most interesting aspects of the geometry of a family of probability distributions
is that they have a natural metric - the information metric. Murray has exploited this to give a
novel construction of a metric on many geometric manifolds that arise as minima of functionals.
For example harmonic maps, instantons and monopoles. In this setting the information metric
may be degenerate and Murray has been actively researching when this occurs (21, 32].
Summary. Murray has produced a body of research which is on the one hand very deep (the
series of papers on monopoles) with major impact on the area and on the other hand work of
great originality and potential (bundle gerbes, statistical ideas in differential geometry). He ex-
hibits therefore the characteristics one expects in a medallist through influencing developments
in his speciality and at the same time creating new directions for his colleagues.
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