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Model Potential α β0 β1 wφ(z = 0) σ8(z = 0)

ΛCDM V (φ) = A – – – −1.0 0.809
EXP001 V (φ) = Ae−αφ 0.08 0.05 0 −0.997 0.825
EXP002 V (φ) = Ae−αφ 0.08 0.1 0 −0.995 0.875
EXP003 V (φ) = Ae−αφ 0.08 0.15 0 −0.992 0.967
EXP008e3 V (φ) = Ae−αφ 0.08 0.4 3 −0.982 0.895

SUGRA003 V (φ) = Aφ−αeφ
2/2 2.15 -0.15 0 −0.901 0.806

Table 1. The list of cosmological models considered in the CoDECS project and their specific parameters.

Tarrant et al. 2011; Clemson et al. 2011) and a new de-
tailed presentation of these cosmological scenarios would
be superfluous in the present paper. We therefore refer
the interested reader to the above mentioned literature for
a thorough description of coupled DE (cDE) models and
for the derivation of their main equations. We limit our
discussion here to the definition of the notation and of the
conventions adopted for the specific cDE models considered
in our analysis.

In the present paper, we will consider the set of cDE
models presently included in the CoDECS suite of N-body
simulations (Baldi 2011c) – the largest set of cosmological
simulations to date for interacting DE cosmologies – that
have been presented and discussed in Baldi (2011b) and
Baldi (2011c). These are flat cosmological models where the
role of DE is played by a dynamical scalar field φ with a self-
interaction potential V (φ) exchanging energy-momentum
with the CDM fluid through an interaction term defined
by the following set of equations:
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where the subscripts b, c, and r indicate the baryonic, CDM,
and radiation components of the universe, respectively. In
Eqs. (1-5) an overdot represents a derivative with respect
to the cosmic time t, H ≡ ȧ/a is the Hubble function, and
MPl ≡ 1/

√
8πG is the reduced Planck mass. The source

terms at the right hand side of Eqs. (1,2) represent the
interaction between DE and CDM, where the dimension-
less coupling function βc(φ) sets the coupling strength while
the sign of the quantity βc(φ)φ̇ defines the direction of the
energy-momentum flow between the two components. The
energy exchange determines a time variation of the CDM
particle mass, according to the equation:

d lnMc

dt
= −

√

2
3
βc(φ)φ̇ , (6)

which can be derived from Eq. (2).
In the present work, we will consider two possible

choices for the coupling function βc(φ), defined as:

βc(φ) = β0e
β1φ , (7)

namely a constant coupling (β1 = 0) and an exponen-

tially growing coupling (β1 > 0). The latter case, first pro-
posed by Amendola (2004) and subsequently investigated
by Baldi (2011d), allows for larger values of the present
coupling strength β0 as compared to constant coupling
models, since the impact of the interaction on the back-
ground expansion history of the universe and on the Cos-
mic Microwave Background anisotropies is strongly sup-
pressed by the time evolution of the scalar field φ. Fur-
thermore, we will consider two distinct choices also for the
scalar self-interaction potential V (φ), namely an exponen-
tial potential (Lucchin & Matarrese 1985; Wetterich 1988;
Ferreira & Joyce 1998):

V (φ) = Ae−αφ (8)

and a SUGRA potential (Brax & Martin 1999):

V (φ) = Aφ−αeφ
2/2 , (9)

where for simplicity the field φ has been expressed in
units of the reduced Planck mass in Eqs. (8,9). The main
phenomenological difference between these two potential
functions resides in the existence of a global minimum at a
finite φ value for the SUGRA potential, while the exponen-
tial potential is monotonically decreasing to zero for φ → ∞.
The presence of a global minimum in the SUGRA potential
allows for an inversion of the scalar field motion and for a
consequent change of sign – in case of a constant coupling
βc – of the quantity βcφ̇, as discussed in Baldi (2011b) (see
also Tarrant et al. 2011). Due to such inversion, the DE
equation of state parameter wφ ≡ pφ/ρφ shows a “bounce”
on the cosmological constant “barrier” wφ = −1, for which
this class of models has been dubbed the “Bouncing cDE
scenario” (Baldi 2011b). For the specific model considered
in the present work, the “bounce” happens at relatively
recent epochs, zinv ≈ 6.8, and has significant consequences
on the evolution of linear and nonlinear perturbations
(see again Baldi 2011b). The effect of the coupling on
the background evolution of the universe is to allow for a
phase of Early Dark Energy which goes under the name
of φ-MDE (φ-Matter Dominated Epoch, see Amendola
2000) or G-φ-MDE (Growing-φ-Matter Dominated Epoch,
see Baldi 2011d) for models with constant and variable
couplings, respectively. Such scaling behavior of the DE
density determines a different expansion history of cDE
models with respect to a ΛCDM cosmology with the same
cosmological parameters, which represents one of the most
characteristic features of cDE scenarios and that is correctly
taken into account in the numerical implementation of the
CoDECS simulations described in the next Section. All
the features and the parameters of the different models


