
For the sake of clarity, we have chosen to disregard the decimal figures in the power of cs in
Eqs.(3.8) and (4.5), since they cannot affect the comments and conclusions that are offered
in this and the next section.

The scalar power spectrum must satisfy the normalization

2.5 · 10−9 = Pζ ≡
k3

2π2
Pζ

>∼
H2

8π2ϵM2
p

[
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(

α
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π2M2
P c

6
s

(5.4)

and the tensor-to-scalar ratio is

r ≡
∑

λ Pλ

Pζ
! 16ϵ

⎡

⎣

1 + α

1 +O
(

α
ϵ3c4s

)

⎤

⎦ . (5.5)

The inequality in (5.4) and (5.5) is to account for the possible contributions to the sourced
scalar power spectrum from quadratic interactions between the inflaton and the spectator
field (these are suppressed at small ρσ, see the remark in footnote7). In the following, we
work in a regime where these contributions are negligible, and promote r to its upper bound.
In this way we can get an estimate for how large r can be in this model.

We are now ready to discuss the estimate (5.5) in various regimes for cs. The first regime
is that in which the vacuum scalar modes dominate over the sourced one (and, therefore,
also the vacuum tensor modes dominate over the sourced one). In this regime,

α≪ ϵ3 c4s ⇒ r = 16 ϵ , (5.6)

and so the standard relation for r is recovered. We see from (5.4) that (H2/M2
p ) ≃ 2 · 10−7ϵ,

so that the condition in (5.6) rewrites cs ≫ O
(

10−1 ϵ−1/5
)

.
Let us then discuss the opposite regime, in which the sourced scalar modes dominate,

and r differs from the standard value. In this regime, the normalization (5.4) enforces

α≫ ϵ3 c4s ⇒
H

Mp
∼ 0.04 ϵ c5/2s , (5.7)

so that the parameter α evaluates to α ∼ 10−4 (ϵ2/cs), indicating that this regime holds for
cs ≪ O

(

10−1 ϵ−1/5
)

(this is the complementary regime to the one of (5.6)). Inserting the
estimate for α into (5.5), we obtain

r ∼ 105 ϵ2c5s

[

1 + 10−4 ϵ
2

cs

]

. (5.8)

We disregard the regime in which the sourced tensor modes dominate (namely, in which
the second term in the square parenthesis of this last expression is greater than one), as this
regime requires the very small sound speed cs <∼ O

(

10−4ϵ2
)

. We are therefore left with

10−4ϵ2 ≪ cs ≪
1

10 ϵ1/5
⇒

H

Mp
∼ O

(

10−2 ϵ c5/2s

)

, r ∼ O
(

105ϵ2c5s
)

, (5.9)

so that, if cs is close to the upper bound, r may be as large as O (ϵ).
We conclude this discussion by noting that (5.9) assumes that the sourced scalar modes

dominate over the vacuum ones. This calls for an investigation on whether the scalar pertur-
bations in this regime may be compatible with the observed Gaussianity of the CMB [57].
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