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Epilogue

We end this thesis with a summary of our main conclusions. In addition we will briefly address
some of the advances that have been made in the time since the publication of the papers
presented in this thesis. We end this section with a perpective on some the directions we would
like to investigate in the near future.

The aim of our research was to constrain possible deviations from a Bunch Davies (BD)
vacuum at the onset of inflation. We have motivated the presence of BD modifications on the
grounds that the assumption of a free quantum field description in the very early Universe is
bound to be wrong. We considered the effects modifications of the vacuum state might have
on the primordial distribution of quantum fluctuations. In particular we have computed its
effects on the primordial bispectrum. We have shown that the bispectrum can be enhanced
significantly by a small correction to the BD assumption. In short, the reason why such an
enhancement is expected is due to the fact the bispectrum is a measure of the interaction of
the field(s) of inflation. Although interactions are weak, deviations from a BD state introduce
a non-zero particle density, which boosts the amplitude of the bispectrum. It is generally
expected (Holman & Tolley 2008) that higher order correlation functions result in further
enhanced corrections, although this still has not been shown explicitly for correlation spectra
beyond the trispectrum (Chen et al. 2009).

We also found that the bispectra predicted by initial state modifications usually contain
oscillations. The presence of these oscillations has made it very difficult to obtain stringent
constraints on the Bogolyubov parameter β, a parameter used to quantify BD modifications.
In ch. 5 we considered a recently developed method for reconstructing primordial bispectra
into an orthogonal set of factorizable basis functions. In the introduction we explained that
factorizability is required to use the KSW estimator of the bispectrum. We showed that the
proposed method of factorization requires a decomposition of the original bispectrum into many
terms, each of which is of the factorizable form. We also showed that the number of terms
required can be reduced by looking at a different set of factorized basis functions. We hope to
apply this method to WMAP data in the near future.

It has long been predicted that the power spectrum also contains small oscillating features if
there is a small deviation from BD state. The frequency of these oscillations is generally related
to the frequency of features in the bispectrum. Ideally, we would like to use both the power
spectrum and the bispectrum to constrain deviations from a BD vacuum state, particularly
because the frequency of the oscillations in both spectra are typically related. There have been
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several attempts to constrain oscillations in the primordial power spectrum, and in ch. 6 we
extended this search. Compared to previous work we considered two different models with
a large range of frequencies and we used the latest (7 year) WMAP data release. We first
ran a densely spaced grid with most parameters fixed, before we did a full ΛCDM parameter
search through a Monte Carlo Markov Chain (MCMC). This allowed us to determine a best fit
frequency. After establishing the best fit frequency we ran MCMCs, varying all other relevant
parameters. This gave bounds on the amplitude and phase of the oscillatory corrections.
We compared these observational constraints to theoretically predicted modifications to the
power spectrum. We found that there are several discrete frequencies that can improve the
fit compared to no oscillations, and that these frequencies can be used to constrain primordial
parameter space.

Obviously, observations have improved since our first paper. This puts slightly tighter con-
straints on derived parameters, in particular on β. We have incorporated the tightest constraint
to date in ch. 4. We did not include bounds on fenfNL , which has been constrained through LSS
data analysis (Xia et al. 2011). A recent paper has looked into constraining oscillating bispectra
using LSS data (Cyr-Racine & Schmidt 2011) and the future looks very promising for work in
that direction. Although their work only represents a proof of concept, future extraction of
constraints on such bispectra from LSS data could greatly improve existing bounds on initial
state modifications.

In the near future (2013), Planck should tighten constraints on non-Gaussianities, in par-
ticular local type non-Gaussianity, with an expected 68% confidence level of ∆fNL ∼ 5. This
could potentially rule out single-field slow-roll entirely. In addition, the accuracy of the data
obtained by Planck could potentially allow us to detect oscillations in the bispectrum directly.

We aim to continue investigating possible hints of physics beyond the standard model using
cosmological observations. First we want to finalize the last chapter of this thesis into a
paper by improving some of the analysis. Secondly, we hope to combine observations from
the power spectrum with observations from the bispectrum, which should constitute a sound
complementary search. One of the things we are currently still working on is a simple test
to constrain features in the primordial bispectrum. A full-fledged search is relatively time
consuming because of the larger number of allowed frequencies, and we hope to construct a
fast estimator to detect the potential presence of oscillations, independent of frequency, that
also has enough signal to noise to be detected with current data (WMAP, ACT, SDSS). In
addition, instead of looking at the various correlation spectra, we could consider the real space
correlation function. This is very similar to a Fourier transform of the angular spectra and
therefore oscillations should be more easily detectable as they should end up as sharps peaks
in the correlation spectrum. We have explained that this measure is rather noisy, but if the
amplitude of the primordial signal is large, we should be able to detect it. Lastly, as explained in
ch. 6, we would hope to assess the significance of the ‘detected’ features in the power spectrum.

This combined effort, both theoretical and observational, should shed more light on the
physics of inflation in the foreseeable future.
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