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Cosmological perturbation theory allows us to use our understanding of quantum field theory
in curved spacetime to explain cosmological observations. We discuss computing primordial
observables from knowledge of the underlying quantum theory and how the computation may
be modified in the presence of different types of field excitation mechanisms. Modified scalar
and tensor fluctuation propagators are discussed in the context of excited initial states. Modified
matter propagators are discussed in the context of inflationary spectator fields. We emphasize that
a better understanding of the mechanisms which may excite primordial field fluctuations will help
us to understand how robust the predictions of inflationary cosmology are.
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The anisotropies in the cosmic microwave background are believed to be the result of primor-
dial inflationary fluctuations which are usually attributed to a slowly rolling scalar field [1]. During
inflation, fluctuations in the metric and matter fields must be formulated in a way which breaks the
degeneracy between the two. This results in gauge invariant scalar, vector and tensor perturbations.
The vector perturbations redshift with the expansion of the universe and are therefore usually neg-
ligible, the scalar fluctuations are related to the temperature fluctuations observed in the cosmic
microwave background and the tensor fluctuations describe gravitational waves [2].

Primordial observables are defined in terms of quantum correlation functions which may be
computed using the in-in formalism [3]. At present, the interesting observable quantities are the
scalar power spectrum (two-point function of scalar fluctuations), the tensor power spectrum (two-
point function of tensor fluctuations) and the scalar bispectrum (three-point function of scalar fluc-
tuations) [4]. The tensor power spectrum and scalar bispectrum have not yet been measured. It is
hoped that these and other correlation functions may be probed with future experiments [5, 6].

The computation of the primordial correlation functions is sensitive to the propagators of the
scalar and tensor fluctuations, as well as the propagators of any other fields present during inflation
which are coupled to gravity (called spectator fields if they do not help inflate). For the standard
single field inflation predictions, the propagators of the scalar and tensor fluctuations are usually
assumed to be the propagators corresponding to the lowest energy state in de Sitter space and
the spectator fields which may be present during inflation are neglected altogether. However, it
is interesting to see how robust the predictions of single field inflation are by considering more
general propagators for the scalar, tensor and spectator field fluctuations.

The physical motivation for considering excited scalar and tensor fluctuations is that we are
ignorant about the physics that proceeded the inflationary era. Several well-known pre-inflationary
mechanisms such as tunneling transitions and fast roll to slow roll transitions result in fluctuations
which are excited when inflation begins. For initial states which are a Bogoliubov transformation of
the lowest energy vacuum state, it has been shown that the change in predicted quantities for scalar
fluctuations is small since the amplitude of excitation is bounded by the observed scale invariance
of the scalar power spectrum [7, 8, 9]. The tensor spectrum has not yet been detected so a similar
argument for the bound on the tensor excitation amplitude cannot be made.

Spectator fields present during inflation are usually assumed to be in their lowest energy state,
resulting in their contribution to primordial observables to be negligible compared to the leading
order correlation function contribution. However, the propagators for the spectator fields may be
enhanced due to physics before or during inflation allowing them to generate signatures which are
potentially observable. One example of spectator field propagator enhancement is a scalar field
with a time dependent mass which momentarily vanishes, this has been shown not to generically
have interesting observable effects [10, 11, 12, 13, 14, 15]. Another example is vector fields in the
presence of a slowly rolling pseudoscalar field. The vector field fluctuations experience a temporary
instability which exponentially enhances their amplitude, allowing them to have a non-negligible
contribution to the primordial tensor spectrum and still be consistent with present observational
data [12, 14, 16, 17, 19, 18].

We have outlined some of the possible modifications to the usual inflationary model which may
affect primordial observables. Understanding more mechanisms for enhancing field fluctuations
and their associated constraints will help us to understand the robustness of inflationary predictions.
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