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The simplest possible classical model leading to a cosmological bounce is examined in the light of the
non-Gaussianities it can generate. Concentrating solely on the transition between contraction and
expansion, and assuming initially purely Gaussian perturbations at the end of the contracting phase,
we find that the bounce acts as a source such that the resulting value for the post-bounce fy; may largely
exceed all current limits, to the point of potentially casting doubts on the validity of the perturbative
expansion. We conjecture that if one can assume that the non-Gaussianity production depends only on the
bouncing behavior of the scale factor and not on the specifics of the model examined, then many realistic
models in which a nonsingular classical bounce takes place could exhibit a generic non-Gaussianity excess

problem that would need to be addressed for each case.

DOI: 10.1103/PhysRevD.91.023516

I. INTRODUCTION

The recently released Planck data [1,2] have set new
standards as far as cosmological modeling is concerned,
imposing very tight constraints on early universe physics
[3,4] and discriminating [5,6] among numerous inflationary
theories [7]. Bouncing cosmologies are among very few
possibly viable alternatives to inflationary cosmology (see
[8] for a review). This being said, the only relevant
bouncing models worth investigating [8—10] are those that
are able to reproduce the observed power spectra, both
scalar and tensorial. In turn, these models have to face the
most serious cosmological constraint to date, namely that
imposed by the smallness of non-Gaussianities [11].
Whether or not generic bouncing models can successfully
pass this test will decide on their viability. To a large extent,
the non-Gaussianity parameter fy; does not depend on the
actual spectrum of first order perturbations, and is thus also
independent of their initial conditions. This makes it an
invaluable tool to assess the viability of any cosmologi-
cal model.

The purpose of the present paper is to demonstrate, by
means of an explicit calculation, itself drawing heavily on
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the ones detailed in Ref. [12], that the non-Gaussianity
produced during the transition from contraction to expan-
sion, and thus by the bounce itself, may far exceed existing
contraints on fyr. Recalling that canonical single field
slow-roll inflation naturally predicts small fy;, our find-
ings would tend to favor the inflationary paradigm by
disqualifying one of its few alternatives.

The particular category of model studied in this paper is
that for which the matter content is in the form of a strictly
positive energy scalar field. The presence of a negative
energy component being crucial for the obtention of a
bounce, we take the spatial curvature to be positive, so that
it acts as an effective negative energy component. While it
is true that many bouncing models are constructed with a
vanishing or negligible spatial curvature contribution, they
necessarily involve other types of negative energy fields,
which may cause serious instabilities, and hence also
potentially produce large amounts of non-Gaussianities.
Therefore, although the results which we present below
apply, strictly speaking, to nonsingular bouncing models
dominated at the bounce by the positive spatial curvature
term in the Friedmann equation, and for which general
relativity (GR) is valid all along, we conjecture that it could
apply to a much wider set of similarly nonsingular models,
hence raising a possibly generic problem with bouncing
cosmologies. Note that we do not consider singular
bounces for which GR does not apply throughout as no

© 2015 American Physical Society
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