
slow-roll approximation), the mixing terms can be safely neglected. As a result, the second
order Lagrangian for σ is

S(2)
σ =

6(n − 1)Λ2

M4

∫

dτd3ka2H2

[

|δσ
′

k|
2 −

ϵk2

3(n − 1)
|δσk|2

]

, ϵ ≡ −
Ḣ

H2
. (2.7)

Normalizing with a Bunch-Davies vacuum, the leading-order solution for the spectator field
fluctuations reads

δσk(τ) =
B

k3/2
(1 + i cskτ)e

−i cskτ , B ≡
M2

Λ

1

2
√
2
√
ϵ cs

. (2.8)

As is the case for the inflaton fluctuations, the leading-order tensor quadratic Lagrangian
has the form that one would obtain in the absence of any spectator field (see Appendix A).

It is well known that scalar, tensor and vector modes mix beyond linear order in per-
turbation theory; as a result, tensor modes can for example be sourced at second order by
scalar fluctuations. This is precisely the production mechanism that will be explored within
this model, the spectator field acting as a source for tensor and scalar fluctuations.
The inflaton and tensor modes, after canonical normalization, obey the following equation

[

∂2τ +

(

k2 −
a′′

a

)]

QX(τ, k⃗) = JX(τ, k⃗), X = {φ,λ = +,λ = −} (2.9)

where λ stands for the tensor modes polarization. In our specific model, a major contribution
to the source term J(X) is given by the convolution of two δσk modes

JX(τ, k⃗) ≡
∫

d3p

(2π)3/2
ÔX(τ, k⃗, p⃗)δσp⃗(τ)δσk⃗−p⃗(τ), (2.10)

where ÔX is an operator acting on δσ. The solution to Eq. (2.9) is the combination of
the general solution of the homogeneous equation (the standard vacuum solution) and a
particular solution of the inhomogeneous equation

QX(τ, k⃗) = Q(v)
X (τ, k⃗) +Q(s)

X (τ, k⃗), (2.11)

where

Q(s)
X (τ, k⃗) =

∫ τ

dτ
′

Gk(τ, τ
′

)JX(τ ′, k⃗) , (2.12)

and the Green’s function is given by

Gk(τ, τ
′

) ≃
1

k3ττ ′

[

kτ ′ cos(kτ ′)− sin(kτ ′)
]

, −kτ ≪ 1. (2.13)

The power spectrum of QX will therefore have two contributions

PQX
= P (v)

QX
+ P (s)

QX
, ⟨QX(k⃗1)QX(k⃗2)⟩ = δ(3)(k⃗1 + k⃗2)PQX

(k1), (2.14)

where the first power spectrum, P (v)
QX

, comes from the vacuum fluctuations of the fields and

the second, P (s)
QX

, is formally given by

⟨Q(s)
X (τ, k⃗1)Q

(s)
X (τ, k⃗2)⟩ =

∫ τ

dτ1Gk1(τ, τ1)

∫ τ

dτ2Gk2(τ, τ2)⟨JX(τ1, k⃗1)JX(τ2, k⃗2)⟩. (2.15)

The results for the sourced power spectra are presented in the following two sections.
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