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Abstract The absence of compelling theoretical model re-
quires the parameterizing the dark energy to probe its prop-
erties. The parametrization of the equation of state of the
dark energy is a common method. We explore the theoreti-
cal optimization of the parametrization based on the Fisher
information matrix. As a suitable parametrization, it should
be stable at high redshift and should produce the determinant
of the Fisher matrix as large as possible. For the illustration,
we propose one parametrization which can satisfy both cri-
teria. By using the proper parametrization, we can improve
the constraints on the dark energy even for the same data.
We also show the weakness of the so-called principal com-
ponent analysis method.
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We consider strategies for the most accurate determina-
tion of the dark energy (DE) parameters using cosmolog-
ical observables. Due to the absence of compelling theo-
retical model, the parameterizing the DE by its equation
of state (eos) ω is commonly used in the analysis. It is
usually considered what is the optimal redshift distribution
to best constrain those parameters (Tegmark et al. 1998;
Huterer and Turner 2001). However, we contemplate the
theoretical optimization by using the Fisher information ma-
trix and compare the different parametrization of ω.

If one has a dataset of observable Oi with redshifts zi ,
i = 1, . . . ,N , one may compute the least squares estimates
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of the cosmological parameters by minimizing
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where Oi is the measured quantity, O(zi, �p) is the expected
value of the observable for the redshift zi , �p is the set of
cosmological parameters to estimate, and σi is the error on
the measurement. Then, the Fisher information matrix is de-
fined to be
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where p∗
l,m are the parameter estimates (i.e. where χ2

O be-
comes minimum). Since the likelihood function is approxi-
mately Gaussian near the maximum likelihood (ML) point,
the covariance matrix for a maximum likelihood estimator
is given by
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The Fisher information matrix is simply the expectation
value of the inverse of the covariance matrix at the ML point.
From now on, we will omit the square bracket and the eval-
uating parameter estimates in the Fisher matrix for the con-
venience.

The iso-�χ2
O contour in the parameter space is approxi-

mated by the quadratic equation

(� �p)T F� �p = �χ2
O, (4)

where � �p = �p − �p∗ is the deviation of the parameters
from the fiducial value and F is the Fisher matrix given in
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