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Outlook

In this thesis we have provided effective descriptions of various cosmological processes. Here, in this last
part, we offer some conclusions, and point to new roads for research based on our work. We will also
discuss some implications of the Planck data.

In chapters 3 and 4 we have found the unrenormalized divergent contributions to the effective action
for the Abelian Higgs model in an expanding universe. After all subtleties involving gauge invariance,
Goldstone bosons and the use of unitary gauge, the final answer (4.59) seems very clear and intuitive.
While the use of effective theories in time dependent backgrounds has only just begun, and deserves
much more devotion, see for example [186, 187], certain physical applications of our work can already be
conceived.

The first option that comes to mind is the one that inspired us to do our computations in the first place:
Higgs inflation, introduced in subsection 1.7. Apart from renormalizing our result (4.59), we should take
the non-minimal Higgs-graviton coupling into account. This is work in progress. The corrections to the
effective action that one would not naively expect are proportional to Vθθ ∼ ∂V/∂φcl and therefore small
during inflation, but grow during reheating. (In the renormalized effective action they show up as the wave
function renormalization.) Note that Higgs inflation, with the few input parameters it requires, matches
the Planck results very well. Its largest observational threat is coming from the relatively low Higgs mass
measured at the LHC. A more precise measurement of the top mass, perhaps in a new e+/e−-collider,
and of the tensor-to-scalar ratio, by Planck, can further test or rule out Higgs inflation.

Another possible application is the description of flat directions in the MSSM and its extensions [188],
which are lifted by the one-loop quantum corrections. This may affect inflation models or Affleck-Dine
baryogenesis models using flat directions [189, 190].

The study of single field inflation in supergravity, done in chapter 5, has shown to what extent in-
flationary dynamics can be decoupled from all other “matter” dynamics present. We have shown that a
maximal decoupling is achieved when the inflaton field direction coincides with that of supersymmetry
breaking. A logical next topic to study would be the inclusion of moduli fields to such a model. In
the meantime, since sgoldstino inflation cannot be of the large field type, a possible detection of tensor
waves would, by the Lyth bound (1.65), rule out this scenario. Hybrid variants and especially small field
scenarios are still experimentally viable. In this last scenario it is possible that supersymmetry breaking
happens once and for all when inflation takes place. The non-detection of susy particles at the LHC so
far confirms this model, but there is a very long way to go.

Since Planck has not found any trace of (primordial) non-Gaussianity, the models presented in chapter
6 are still experimentally viable, with some changed parameter input, but have undoubtedly lost some
of their appeal. What remains is that we have shown that the coupling χFF̃ , compatible with all sym-
metries in the problem, is actually more constrained by primordial black holes than by non-Gaussianity
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or the breaking of scale invariance. However, this is still an estimate and it would be very interesting to
(numerically) study the precise evolution of the small inflaton modes in the regime where backreaction
from the gauge fields is large. Furthermore, we have revealed the close connection to the supergravity
models studied in [123, 124, 125]. The flexibility of these models has by now been extended to a possible
inclusion of cosmic strings as well [191].

Chapter 7, finally, has shown how KL moduli stabilization can be done in the particular hybrid
sneutrino inflation model of [169]. This model is perfectly compatible with the Planck data.

All in all, we see that Planck’s first release of cosmological results has affected the models studied in
this thesis in various ways. More drama is expected from the second release, where tensor waves will either
be seen (ruling out Higgs inflation) or been put under a much stronger bound (ruling out m2φ2-inflation).
Here the theoretical cosmologist can only wait. It is clear, however, that the increasing precision in
cosmology forces, or invites, the theorist to prepare precise effective descriptions. In particular, spelling
out the subtle effects of time dependence in background fields brings about a whole new field of study
whose subtleties we have just begun to explore.




