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Constraints on the DGP Universe using observational Hubble parameter
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Abstract

In this work, we use observations of the Hubble parameter from the differential ages of passively evolving galaxies and the recent detection of
the Baryon Acoustic Oscillations (BAO) at z1 = 0.35 to constrain the Dvali–Gabadadze–Porrati (DGP) Universe. For the case with a curvature
term, we set a prior h = 0.73 ± 0.03 and the best-fit values suggest a spatially closed Universe. For a flat Universe, we set h free and we get
consistent results with other recent analyses.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Observations of Wilkinson Microwave Anisotropy Probe
(WMAP) [1], the type Ia Supernova (SN Ia) [2,3] and Sloan
Digital Sky Survey (SDSS) [4,5] support an accelerated ex-
panding Universe. Many cosmological models have been con-
structed to explain such a cosmology. Most of them concentrate
on the dark energy term with a negative pressure, within the
usual gravitation theory.

The observed accelerated expansion of the Universe is per-
haps due to some unknown physical processes involving mod-
ifications of gravitation theory. Such modifications are usually
related to the possible existence of extra dimensions, giving rise
to the so-called braneworld cosmology. The braneworld cos-
mology is an example which excludes the dark energy term
by modifying the gravitation theory [6–9]. One interesting
braneworld cosmological model is the one proposed by Dvali et
al., which is usually called the Dvali–Gabadadze–Porrati (DGP)
braneworld [10–12]. For scales below a crossover radius rc, the
gravitational force experienced by two punctual sources is the
usual 4-dimensional 1/r2 force whereas for scales larger than
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rc the gravitational force follows the 5-dimensional 1/r3 be-
havior.

Although the theoretical consistency and especially its self-
accelerating solution are still waiting for confirming [13,14],
the DGP models have been successfully tested from the obser-
vations. Deffayet et al. discussed observational constraints from
the Cosmic Microwave Background (CMB) and SN Ia [15].
Jain et al. presented a constraint from the viewpoint of gravi-
tational lenses [16]. Alcaniz et al. used the estimated ages of
high-z objects to constrain the cosmological parameters [17].
The Chandara measurements of the X-ray gas mass fraction in
galaxy clusters were used to do a combinational analysis with
other cosmological probes [18]. Pires et al. tested the viability
of DGP scenarios from the cosmological time measurements,
i.e., recent estimates of the total age of the Universe and obser-
vations of the lookback time to galaxy clusters at intermediary
and high redshifts [19]. Guo et al. constrained the DGP model
from recent supernova observations and BAO [20]. Zhu and Al-
caniz did the similar work using SN Ia [21]. See [22,23] for
more corresponding comments on the DGP Universe.

In this work, we examine the DGP Universe using the obser-
vational H(z) data (sometimes we call them OHD for simplic-
ity) [24,25]. The observational H(z) data are related to the dif-
ferential ages of the oldest galaxies, the derivative of redshift z

with respect to the cosmic time t (i.e., dz/dt ) [25]. A determina-
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tion of dz/dt provides a measurement of the Hubble parameter,
which can be used as an effective cosmological probe. In addi-
tion, we do the combinational analysis using data of the size of
the Baryonic Acoustic Oscillations (BAO) peak detected in the
large-scale correlation function of luminous red galaxies from
the Sloan Digital Sky Survey (SDSS) [26]. For a Universe with
a curvature term, a prior for the dimensionless Hubble constant
h = 0.73 ± 0.03 is taken from the combinational WMAP three-
year estimate [1]. And we find that the best-fit values for both
two cases suggest a closed Universe. For a flat DGP Universe,
we set h free and get the results consistent with other indepen-
dent analyses. The values of the current deceleration parameter,
the transition redshift at which the Universe switches from de-
celeration to acceleration and the current value of the effective
equation of state are discussed too.

This Letter is organized as follows: In Section 2, we briefly
review the DGP Universe. In Section 3, we introduce the obser-
vational H(z) data and the BAO data. In Section 4, we present
the constraints on the DGP Universe. Discussions and conclu-
sions are given in Section 5.

2. Overview of the DGP Universe

The DGP theory has an important parameter rc which is the
crossover radius where the theory changes between a region
that is effectively 4-dimensional to what is fully 5-dimensional.
It is defined as

(1)rc = MPl

2M3
5

,

where MPl is the Planck mass and M5 is the 5-dimensional
reduced Planck mass. In the DGP Universe, the modified Fried-
mann equation due to the presence of an infinite-volume extra
dimension reads [15,28]

(2)H 2 =
[√

ρ

3M2
Pl

+ 1

4r2
c

+ 1

2rc

]2

− k

a(t)2
,

where H is the Hubble parameter, ρ is the energy density of the
cosmic fluid and k = 0,±1 is the spatial curvature parameter.

If we use the definition

(3)Ωrc = 1

4r2
c H 2

0

,

the Hubble parameter can be rewritten as

(4)

H(z)2/H 2
0 = Ωk(1 + z)2 + [√

Ωrc +
√

Ωrc + Ωm(1 + z)3
]2

,

where z is the redshift, H0 = 100h km s−1 Mpc−1 is the current
value of the Hubble parameter, Ωm and Ωk are the matter and
curvature density parameters, respectively.

And we can get this relation from the above equation by set-
ting z = 0,

(5)Ωk + [√
Ωrc + √

Ωrc + Ωm
]2 = 1.

The current value of the deceleration parameter q = −ä/aH 2

takes the form [20]

(6)
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(

1

2
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)( √
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)
−

√
Ω2

rc
+ ΩmΩrc .

For a flat Universe with Ωk = 0, Eq. (5) reduces to Ωrc = (1 −
Ωm)2/4, from which we get 0 � Ωrc � 0.25 for 0 � Ωm � 1.
The current value of the deceleration parameter can be written
as

(7)q0 = −1 + 3

2

Ωm√
Ωm + Ωrc

.

If we define s = Ωrc/Ωm, the transition redshift ztr at which
the Universe switches from deceleration to acceleration can be
expressed as [23]

(8)ztr = −1 + 2s1/3.

Also, we can derive the DGP Universe expressed in Eq. (4) us-
ing the time-dependent effective equation of state [23]

(9)ωeff(z) = −1 + 1

2

(1 + z)3

s + (1 + z)3 + √
s
√

s + (1 + z)3
.

It is clear that ωeff → 0.5 at z → ∞. The current value of ωeff 0
depends on s, and is always larger than −1.

3. The observational H(z) data set and BAO

3.1. The observational H(z) data

The Hubble parameter H(z) depends on the differential age
of the Universe in this form

(10)H(z) = − 1

1 + z

dz

dt
,

which provides a direct measurement for H(z) through a deter-
mination of dz/dt . By using the differential ages of passively
evolving galaxies determined from the Gemini Deep Deep Sur-
vey (GDDS) [29] and archival data [30–33], Simon et al. deter-
mined a set of observational H(z) data in the range 0 � z � 1.8
and used them to constrain the dark energy potential and its
redshift dependence [34]. Using this data set, one can constrain
parameters of various cosmological models. Yi and Zhang first
used them to analyze the holographic dark energy models in
which the parameter c plays a significant role [24]. The cases
with c = 0.6,1.0,1.4 and setting c free are discussed in de-
tail and the results are consistent with others. Samushia and
Ratra used this data set to constrain the �CDM, XCDM and
φCDM models [35] and Wei and Zhang analyzed a series of
other cosmological models with interaction between dark mat-
ter and dark energy [36]. But as pointed out by Wei and Zhang,
the data point near z ∼ 1.5 derives from the main trend seri-
ously and dip down sharply [36]. We will omit this point in
later discussion.
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