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Abstract

Knowledge about the formation and evolution of our universe has increased dramatically in
recent years. The galaxy recession velocity, the structure of the microwave background
radiation and the cosmic abundance of light elements can be explained in a self-consistent
model in which the universe was created 13.8 billion years ago in an extremely hot fireball -
the "Big Bang". The further development of the universe - the cooling through various phase
transitions, the formation of large-scale structure, of galaxy clusters, galaxies, stars and
planets can be described on the one hand through detailed cosmological simulations, and on
the other hand can be measured with increasingly sensitive telescopes and detectors, as
well as increasingly sophisticated observation techniques. By comparing observations and
theory, the parameters that determine the universe such as mass, energy and the geometry
of space can be derived. In recent years there have been paradigm shifts in several areas of
cosmology: The existence of “dark matter”, a previously unknown type of particle that makes
up around 85% of the total mass of the universe, has become more concrete. Completely
surprising was the discovery of a “dark energy” that dominates the universe and accelerates
the expansion of galaxies even further. Another paradigm shift occurred with the massive
black holes located at the center of practically all larger galaxies - including, of course, our
Milky Way. Gravitational waves provide information about black hole mergers and have
enabled amazing discoveries both with the LIGO/Virgo/Kagra interferometers on Earth and
with pulsar timing arrays. The discovery of the earliest quasars and the deepest observations
with the James Webb Space Telescope (JWST) reveal galaxies and black holes in the
earliest universe whose rapid formation and evolution are not yet understood. A possible
explanation is the speculation that the currently unknown dark matter consists of primordial
black holes, which also act as heavy seeds for the formation of galaxies and their
supermassive black holes.
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