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Current studies to extract the properties of a dark energy component of the universe from
observational data concentrate on extracting its equation of state w(z). Chevallier, Polarski
and Linder (CPL) proposed w(z) = w0+wa z

1+z
as a two-parametric equation of state. I briefly

present some results of a test of this parameterization’s ability to recover a four-parameter
step-like fiducial model. That is, we assume a cosmology with a step-like time evolution of
dark energy’s equation of state as motivated by tracker-models, and fit the resulting supernova
distribution in combination with the BAO reduced variable and the CMB shift parameter
with the CPL-parameterization. It turns out that non negligible biases leak into the results
for recent (z < 2.5) rapid transitions, and that the high-redshift behaviour of the equation of
state rests largely unconstrained.

1 Introduction

The evidences for a presently accelerating expansion of the universe getting ever stronger, we are
presently faced with a high number of theoretical approaches proposed to explain acceleration,
ranging from a simple cosmological constant over supergravity to quintessence and other models.
But since, due to this large number of proposed models, we cannot test each model one by one,
a widely accepted approach has become to parameterize the equation of state (EoS) w(z) = p

ρ of
the ’dark energy’ component in an easy manner, that however allows the extraction of maximal
information on it’s present value w0 and, where possible, it’s eventual time evolution. Concerning
exactly this question of maximal extraction of information, Linder and Huterer 1 and Upadhye
et al. 2 showed, that even with the foreseen statistics of a combined analysis of a future satellite
mission like SNAP and CMB probes, maximally two parameters can be usefully constrained.
The common two-parametric choice for w(z) today is the Chevallier-Polarski-Linder (CPL 3,4)
parameterization:

w(z) = w0 + wa
z

1 + z
. (1)

The main advantages of parameterization eq.(1) are its bounded behavior for infinite redshift,
that it covers time evolution, and that it has a simple physical interpretation: w0 simply is the
EoS’s value today, at redshift zero; and wa is its overall evolution with time and related to w’s
logarithmic derivative. At z = 1 we obtain wa = −2w′|z=1, where w′ = dw

dlna .
It has shown up useful to classify dark energy models and parameterizations in the (w-w′)-plane,
where every dark energy model corresponds to a certain trajectory. 5 Eq.(1) however only gives
a linear relation between w and w′, and therefore shows a limited capability to describe all
possible trajectories, that can be of a lot of quite sophisticated shapes. 6 The question arises,



how a cosmological fit with CPL will behave in the case of a dark energy dynamics that is
possibly not covered by such a simple description. It should be expected, that such a fit will fail
for models that have neither slow time evolution, but a rapid one, nor are linear in (w-w′)-space.

2 Steplike behaviour of dark energy’s equation of state

We tested the robustness of CPL in recasting a fiducial steplike behaviour of dark energy’s EoS,7

as is physically motivated by tracker -solutions of quintessence models that predict convergent
EoS transitions to a future value wf for a wide range of initial conditions of the scalarfield and
its time derivative. 8 The functional form we use to model such a step is a hyperbolic tangent: 9

wstep(z) =
1
2
(wi + wf ) − 1

2
(wi − wf ) tanh

[
Γ ln

(
1 + zt

1 + z

)]
, (2)

which has as one of its advantages the strong decoupling between the former and final value wi

and wf , respectively. Eq.(2) yields a quadratic trajectory in (w-w′)-space and therefore covers
more general dark energy models than CPL. The main drawback of this model is the necessity
to introduce four parameters. When assuming an observational setup corresponding to a Stage
IV scenario as defined by the Dark Energy Task Force, 10 we find, that CPL is generally able to
catch such a dynamics of dark energy if the transition does not take place at too low redshift,
i.e. for zt > 2.5, and if its amplitude is relatively small, i.e. |wi − wf | < 0.4. For the width of
the transition we find validity limits that are in general dependant on the transition redshift zt

of the fiducial model. We can however say, that the overall time evolution wa can be catched by
CPL if the transition is very slow, i.e. for ∆z < 12. 11 It appears also that it is essentially the
high-redshift behaviour of the dark energy component, through the wi parameter, that carries
the largest risk of misinterpretation. This fact clearly goes back to the absence of high-redshift
supernovae (SNe) data,12 even if in our simulated longterm scenario the SNe data-limit is pushed
up to z = 1.7.
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