
4 Production of scalar perturbations

The inflaton and the spectator field fluctuations are only coupled through the metric pertur-
bations. One derives the non-linear equation of motion for δφ and δσ by integrating out the
non-dynamical scalar degrees of freedom of the metric. Major contributions to the source for
the scalar field comes from cubic interactions which are quadratic in the spectator field 7

The calculation is presented in Appendix B, here we report the final result
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where the canonically normalized field is v ≡ aδφ and Dij = δij − 3∆−1∂i∂j .
The spectator field contribution to the scalar power-spectrum arising from δφδσδσ in-

teractions can be computed in the same way as in the previous section. The source term (4.2)
has several different contributions. For the sake of a quick comparison with the result of the
previous section, one may begin with the last term in Eq. (4.2), which gives a contribution
to the sourced scalar power spectrum
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and in the variables (3.5) becomes
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After integration one finds
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Notice that for this specific contribution the power spectrum of curvature fluctuations has a
stronger enhancement compared to the tensor power spectrum (3.8). A stronger enhancement
of the scalars than the one found for the tensors can also be expected from the other terms

7The inflaton and scalar fields already couple at quadratic level, which would correspond to a tree-level
correction to the power spectrum of δφ. The δσδφ mixing terms in the second order Lagrangian vanish when
the background energy density of σ vanishes, namely when ρσ/(H

2M2
P ) → 0 (see Appendix A). For finite ρσ,

this mixing provides an additional source of δφ. The amount of scalar perturbations that we compute from
the δσ2

→ δφ process is not proportional to this parameter, which leads us to conclude that the extra terms
δφ arising from the linear mixing can be disregarded at sufficiently small ρσ. Nonetheless, to remind that
such extra terms are present, and could be relevant in some range of parameters, we conservatively present
our results in Sec. (5) as a lower bound on the sourced power spectrum (and consequently as an upper bound
to the tensor-to-scalar ratio).
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