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Background:

General relativity describes gravity as a manifestation of the curvature of spacetime.
Its basic mathematical framework is Lorentzian geometry, but conformal and projective
structures are often better suited to the study of the asymptotic regions of spacetime.

Conformal geometry enters general relativity naturally, since the causal structure of
spacetime is determined by the conformal class of the metric. Nullcones and
unparametrized null geodesics are invariant under conformal transformations. In
Penrose’s conformal compactification, under suitable regularity assumptions, the
asymptotic region of spacetime is represented by a hypersurface forming the boundary
of the compactified manifold. Questions about the asymptotic behaviour of spacetime
can then be reformulated in terms of the geometric structures induced on this
conformal boundary.

Projective geometry offers a complementary perspective. It studies equivalence
classes of affine connections that share the same unparametrized geodesics. In
general relativity, the projective class determined by the Levi-Civita connection
captures the geodesic structure of spacetime. Near spatial infinity, projective
compactification provides a framework in which spatial infinity is represented by a
boundary hypersurface rather than by a single point, as in the standard conformal
compactification.

Aims of the project:

e relate conformal boundary geometry of asymptotically de Sitter spacetimes to
the stress—energy tensor;

e construct quasi-local and global conformal invariants of spacelike conformal
boundaries;

e use projective compactification to study boundary data in asymptotically flat
spacetimes.

The project will be conducted in collaboration with researchers at the University of
California, Davis and the University of Auckland.

Requirements:

e master’s degree in physics or mathematics;
e background in general relativity and/or differential geometry;
e strong written and spoken English;

(optional) experience with Mathematica.
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