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Inhaltsangabe:

The general theory of relativity describes the effect of gravitation in terms of the curvature
of Lorentzian manifolds via the Einstein equations, a system of nonlinear partial differen-
tial equations. One of the biggest surprises is that the theory predicts its own breakdown
through the occurrence of singularities (black holes, big bang, etc.). Mathematically, singu-
larities are described by geodesic incompleteness and the singularity theorems of Penrose
and Hawking already confirmed their inevitable existence in the 1960s. In recent years the
existence of black holes has also been observed through the analysis of movements of near-
by stars, gravitational waves, and the event horizon telescope. In this talk we review some of
the mathematical ideas and results obtained in connection with the existence and dynamical
formation of black holes. Then we discuss the challenges to deal with realistic matter mo-
dels leading to weak solutions and describe recent progress in handling the corresponding
nonsmooth geometries that arise from them.
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