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1. Introduction
It has been recently shown that a cosmological bounce model based on Cuscuton gravity does not have any ghosts or curvature instabilities [1, 2]. We
explore whether Cuscuton bounce can provide an alternative to inflation for generating near scale-invariant scalar perturbations. While a single field
Cuscuton bounce generically produces a strongly blue power spectrum, we demonstrate that scale-invariant entropy modes can be generated with a
spectator field. This work is based on [3], which also shows that the perturbations are stable, and considers different initial conditions.

2. Background dynamics
The potential for Cuscuton is:

V (ϕ) = m2(ϕ2 − ϕ2
∞)−m4

[
e(ϕ2−ϕ2

∞)/m2
− 1
]
,

which generates the background:
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3. Single field Cuscuton bounce
For a single field Cuscuton bounce, with Cuscuton field ϕ, matter field π, the action is given by

S =
∫
d4x
√
−g
[
M2
P

2 R− 1
2DµπD

µπ − µ2√−DµϕDµϕ− V (ϕ)
]
,

We consider scalar and tensor perturbations to the metric and perturbations to the Cuscuton field
ϕ = ϕ0+δϕ while working in the unitary gauge with δπ = 0. For curvature perturbations ζ and tensor
perturbations γij , recasting into Mukhanov-Sasaki variables in Fourier space, with vk = MP z(τ, k)ζk
and vp = a(τ)MP γp/2 for each polarization mode, the equation of motions are given by

v′′k +
(
c2
sk

2 − z′′

z

)
vk = 0, v′′p +

(
k2 − a′′

a

)
vp = 0.

Solutions to these equations were found to be stable , and the power spectra for each of these are
given below. Assuming adiabatic vacuum initial conditions, both spectra are strongly blue.

Pζk

k (τf ) = k3

2π2 |ζk(τf )|2 = k3

2π2M2
p

|vk(τf )|2
z2(τf ) , Pγp

k (τf ) = k3

2π2 |γp(k, τf )|2 = k3

2π2
|2vp(k, τf )|2
M2
P a2(τf )
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Log scale power spectrum for curvature modes with adiatbatic initial conditions
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4. Two field Cuscuton bounce
We modify the single field bounce by adding a spectator field χ which non-minimally couples to
the matter field. This is the entropic mechanism. used to produce scale invariance for entropy
perturbations in models like Ekpyrosis [4, 5]. The action (new terms in red) is then:

S =
∫
d4x
√
−g
[
M2
P

2 R− 1
2DµπD

µπ−1
2F (π̇,∇iπ, . . .)DµχD

µχ− µ2√−DµϕDµϕ− V (ϕ)
]
,

The coupling function is taken to be F (π̇) = ρm/(ΛM2
P ) where Λ is a free parameter. Similar to the

previous section, we can get the equation of motion and power spectrum for the perturbations δχ in
Mukahnov-Sasaki form uk = MP q(τ, k)δχk along with its power spectrum:

u′′k +
(
k2 − q′′

q

)
uk = 0, Pδχk (τf ) = k3

2π2 |δχk(τf )|2 = k3

2π2
|uk(τf )|2
M2
p q(τf )2 .

This results in a scale-invariant power spectra both before and after the bounce.
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5. Conclusion
We have investigated the power spectrum for
Cuscuton bounce.

• Two field Cuscuton bounce can produce
scale-invariant power spectra.

• One field Cuscuton bounce is generically un-
able to acquire scale-invariance

• These entropy perturbations can be con-
verted into adiabatic perturbations, which
can potentially match the observed tilt.
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