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Aspects of Inflationary Cosmology
Alexander Westphal, DESY, Hamburg

Abstract:

The past 15 years have led us into the era of observational precision cosmology. The redshift of distant
supemovae, large-scale structure data, and in particular the results from the WMAP satellite, and more recent
ground based experiments - and in the near future the PLANCK satellite - on the cosmic microwave background
(CMB) have led to a new cosmological concordance model of about 73% dark energy, 23% cold dark matter,
and only about 4% baryonic matter, as well as spectacular confirmation of the most generic predictions of
cosmological inflation. Inflation denotes a very early phase of extremely rapid exponential expansion of the earty
Universe which was driven by a large amount of vacuum energy which later dissipated. The inflationary early
phase naturally solves various initial condition problems of the hot big bang.

In these lectures we will start from a discussion of inflationary cosmology, and then proceed to explain why
models of inflationary expansion of the very early Universe need a short-distance completion by a theory of
quantum gravity. Using string theory as a candidate theory of quantum gravity, we will then look at the
challenges of embedding inflation, and describe the basics of promising constructions which realize string
inflation. The necessary string theoretic concepts - such as basics of string compactifications and moduli
stabilization - will be introduced as part of the lectures without assuming detailed knowledge of string theory. We
will also discuss possible testing against observables of the cosmic microwave background radiation data as
provided e.g. by the WMAP satellite.

Topics will include:

1) An introduction to FRW cosmology and scalar field driven cosmological inflation

2) A discussion of inflation in effective field theory, and the arising need for UV completion

3) Introduction to string cosmology, focussing on the challenges for embedding inflation into string theory, in
particular moduli stabilization

4) Inflationary models in string theory, of both small-field and large-field type, which may be discriminated by the
primordial gravitational wave signal

Knowledge of General Relativity, basic FRW cosmology and QFT will be quite helpful. Basic knowledge of string
theory and string compactification are helpful, of course, but not required to follow the course.
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