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The DGP braneworld scenario explains accelerated expansion of the Universe via leakage of gravity to

extra dimensions without any need for dark energy. We study the behavior of homogeneous and

anisotropic cosmologies on a warped DGP brane with perfect fluid as a matter source. Taking a

conformally flat bulk, we obtain the general solutions of the field equations in an exact parametric

form for Bianchi type I space-time with a pressureless fluid. Finally, the behavior of the observationally

important parameters like shear, anisotropy, and the deceleration parameter is considered in detail. We

find that isotropization can proceed slower in the warped DGP model than the generalized Randall-

Sundrum II model.
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I. INTRODUCTION

Measurements of the apparent brightnesses of type Ia
supernovae [1,2] and independent observations of the cos-
mic microwave background (CMB) by the WMAP satel-
lites [3] and other CMB experiments [4] provide strong
evidence that the Universe is accelerating in its expansion.
Although general relativity with a nonzero cosmological
constant can accommodate these observations, it suffers
from serious problems such as the fine-tuning problem and
the coincidence problem [5,6]. This cosmological constant
problem has motivated the theoretical physics community
to explore alternative descriptions of gravity that can ac-
count for the accelerating Universe without the need for
dark energy. An interesting way of explaining the observed
acceleration of the late time universe is to modify gravity at
large scale.

The idea that our familiar 4-dimensional (4D) space-
time is a hypersurface (brane) in a 5D space-time (bulk) [7]
has been under detailed elaboration during the last decade.
According to this braneworld scenario, all matter and
gauge interactions reside on the brane, while gravity can
propagate in the 5D space-time. There are two main pic-
tures in the braneworld scenario. In the first picture, which
we refer to as the Randall-Sundrum type II brane model
(RS II), a positive tension 3-brane embedded in the 5D
anti–de Sitter (AdS) bulk and the crossover between 4D
and 5D gravity is set by the AdS radius [8,9]. In this case,
the extra dimension has a finite size. For reviews of the
dynamics and geometry of the brane universes, as well as
for the discussions of the cosmological implications, see
[10]. In another picture which was proposed by Dvali,
Gabadadze, and Porrati (DGP) [11,12], a 3-brane is em-
bedded in a 5D Minkowski space-time with an infinite-
sized extra dimension, with the hope that this picture could
shed new light on the standing problem of the cosmologi-
cal constant as well as on supersymmetry breaking [11,13].

While the RS II model produces the high energy modifi-
cations to general relativity, the DGP model leads to a low
energy modification. This proposal rests on the key as-
sumption of the presence of a 4D Ricci scalar in the bulk
action. There are two main reasons that make the DGP
model phenomenologically appealing. First, it predicts that
4D Newtonian gravity on a braneworld is regained at
distances shorter than a given crossover scale rc (high
energy limit), whereas 5D effects become manifest above
that scale (low energy limit) [14]. Second, the model can
explain late time acceleration without having to invoke a
cosmological constant or quintessential matter [15,16]. For
a recent and comprehensive review of the phenomenology
of DGP cosmology, the reader is referred to [17].
In a series of papers, a number of authors [18] have

presented detailed descriptions of the dynamics of homo-
geneous and anisotropic braneworlds. By making an as-
sumption about the Weyl term on the brane, the dynamics
of a Bianchi type I brane in the presence of a scalar field
were studied in [19], and it was shown that high energy
effects from extra-dimensional gravity remove the aniso-
tropic behavior near the singularity that is found in general
relativity. The shear dynamics in the Bianchi type I cos-
mological model on a brane with perfect fluid has been
studied by Toporensky [20]. An exact new solution of the
gravitational field equation in the braneworld model for
anisotropy Bianchi types I and V geometries for a con-
formally flat bulk has been studied in [21]. In [22], an
anisotropic braneworld model with Bianchi types I and V
geometries was studied in which matter is confined to the
brane by the action of a confining potential without using
any junction conditions, offering a geometrical explanation
for the accelerated expansion of the Universe. All the
above studies mainly focused on anisotropy in the RS
braneworld. In the framework of the braneworld models
Maeda, Mizuno, and Torii constructed a brane scenario
which combines the RS II model and the DGP model [23].
In this combination, an induced curvature term appears on
the brane in the RS II model. This model has been called*heydarifard@qom.ac.ir
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the warped DGP braneworld in the literature [24]. It would
therefore be interesting to study anisotropic Bianchi mod-
els in the context of a warped DGP braneworld model. In
the framework of general relativity, Wald showed that
initially expanding homogeneous cosmological Bianchi
models isotropize in the presence of a positive cosmologi-
cal constant [25]. Kobayashi extended Wald’s result in
DGP gravity in [26] along the same line. The study of
the asymptotic behavior of anisotropic DGP branes has
shown that all Bianchi models except type IX isotropize if
the E�� term satisfies some energy condition, U � 0, and

isotropization proceeds slower in the DGP gravity than in
general relativity [26]. To check that the anisotropic brane
metric with U � 0 leads to a consistent physical bulk
metric, one needs to solve the 5D field equations, which
is difficult work.

In the present paper, we obtain the gravitational field
equations in a warped DGP braneworld model for an
anisotropic Bianchi type I geometry for a conformally
flat bulk (with vanishing Weyl tensor). For a perfect fluid
as a confined matter source, the general solution of the field
equations can be obtained in a parametric form of the
volume scale factor. The behavior of the mean anisotropy
parameter, shear, and deceleration parameters is consid-
ered in detail. For a special case, the field equations reduce
to the generalized RS model and allow one to compare its
results to the warped DGP braneworld model.

II. EFFECTIVE FIELD EQUATIONS ON THE
WARPED DGP BRANE

In this section we present a brief review of the model
proposed in [23]. Consider a 5D space-time with a 4D
brane, located at YðXAÞ ¼ 0, where XA (A ¼ 0, 1, 2, 3,
and 4) are the 5D coordinates. The effective action is given
by

S ¼ Sbulk þ Sbrane; (1)

where

S bulk ¼
Z

d5X
ffiffiffiffiffiffiffiffiffi
�G

q �
1

2�2
5

RþLð5Þ
m

�
; (2)

and

S brane ¼
Z
Y¼0

d4x
ffiffiffiffiffiffiffi�g

p �
1

�2
5

K� þLbraneðg��; c Þ
�
; (3)

where �2
5 ¼ 8�G5 is the 5D gravitational constant, andR

and Lð5Þ
m are the 5D scalar curvature and the matter

Lagrangian in the bulk, respectively. Also, x� (� ¼ 0, 1,
2, and 3) are the induced 4D coordinates on the brane, K�
is the trace of extrinsic curvature on either side of the brane
[27], and Lbraneðg��; c Þ is the effective 4D Lagrangian,

which is given by a generic functional of the brane metric
g�� and matter fields.

The 5D Einstein field equations are given by

R AB � 1
2RGAB ¼ �2

5½Tð5Þ
AB þ �ðYÞ�AB�; (4)

where

Tð5Þ
AB � �2

�Lð5Þ
m

�GAB
þGABL

ð5Þ
m ; (5)

and

��� � �2
�Lbrane

�g�� þ g��Lbrane: (6)

We study the case where the induced gravity on the brane is
due to the quantum corrections. The interaction between
the bulk gravity and local matter induces gravity on the
brane through its quantum effects. If we take into account
quantum effects of the matter fields confined to the brane,
the gravitational action on the brane is modified as

L braneðg��; c Þ ¼ �2

2
R� 	þLm; (7)

where � is a mass scale which may correspond to the 4D
Planck mass, 	 is the tension of the brane, andLm presents
the Lagrangian of the matter fields on the brane. We note

that for 	 ¼ 0 and �ð5Þ ¼ 0, Eq. (1) gives the DGP model
and the RS II model if � ¼ 0.
We obtain the gravitational field equations on the brane-

world as

G�� ¼ 2�2
5

3

�
Tð5Þ
ABg

A
�g

B
� þ g��

�
Tð5Þ
ABn

AnB � 1

4
Tð5Þ

��

þ �4
5��� � E��; (8)

r��
�
� ¼ �2Tð5Þ

ABn
AgB�; (9)

where r
 is the covariant derivative with respect to g��

and the quadratic correction has the form

��� ¼ � 1

4
����

�
� þ 1

12
���� þ 1

8
g���

�����

� 1

24
g���

2; (10)

and the projection of the bulk Weyl tensor to the surface
orthogonal to nA is given by

E �� ¼ Cð5Þ
ABCDn

AnBgC�g
D
�: (11)

In order to find the basic field equations on the brane with
induced gravity, we have to obtain the energy-momentum
tensor of the brane ���, given by definition (14) from the

Lagrangian (7), yielding

�
�
� ¼ �	�

�
� þ T

�
� ��2G

�
� ; (12)

where
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T�� � �2
�Lm

�g�� þ g��Lm (13)

is the energy-momentum tensor of the matter fields on the
brane and G�� is defined as

G�� ¼ R�� � 1
2Rg��: (14)

Assuming that the 5D bulk space includes only a cosmo-

logical constant�ð5Þ and inserting Eq. (12) into Eq. (8), we
find the effective field equations for the 4D metric g�� as

�
1þ 	

6
�4
5�

2

�
G�� ¼ 	

6
�4
5T�� ��g��

� �4
5�

2K����G
��

þ �4
5½�ðTÞ

�� þ�4�ðGÞ
�� � � E��; (15)

where

K ���� ¼ 1

4
ðg��T�� � g��T�� � g��T��Þ þ 1

12

�½T��g�� þ Tðg��g�� � g��g��Þ�; (16)

�ðTÞ
�� ¼ � 1

4
T��T�� þ 1

12
TT�� þ 1

8
g��T��T

��

� 1

24
g��T

2; (17)

�ðGÞ
�� ¼ � 1

4
G��G�� þ 1

12
GG�� þ 1

8
g��G��G

��

� 1

24
g��G

2; (18)

and the effective cosmological constant on the brane is
given by

� ¼ �2
5

2

�
�ð5Þ þ 1

6
�2
5	

2

�
: (19)

Note that for � ¼ 0 and �2
4 ¼ �4

5
	

6 , these equations are

exactly the same effective equations as in Ref. [28].

III. COSMOLOGY WITH BIANCHI TYPE I BRANE

In the following we will investigate the influence of the
induced gravity on the anisotropic universe described by
Bianchi type I geometry. We reduce the model to the
generalized RS II model and compare its results to the
warped DGP braneworld model.

The line element of a Bianchi type I space-time, which
generalizes the flat Robertson-Walker metric to the aniso-
tropic case, is described by

ds2 ¼ �dt2 þ a21ðtÞdx2 þ a22ðtÞdy2 þ a23ðtÞdz2; (20)

where aiðtÞ, i ¼ 1, 2, and 3 are the expansion factors in
different spatial directions. For later convenience we define
the following variables:

v ¼ Y3
i¼1

ai; Hi ¼ _ai
ai
; i ¼ 1; 2; 3; 3H ¼ X3

i¼1

Hi;

�Hi ¼ Hi �H; i ¼ 1; 2; 3: (21)

In the above equation, v is the volume scale factor,Hi, i ¼
1, 2, and 3 are the directional Hubble parameters, and H is
the mean Hubble parameter. The physical quantities of
observational importance in cosmology are the expansion
scalar�, the mean anisotropy parameter A, the shear scalar
�2, and the deceleration parameter q, which are defined as

� ¼ 3H; (22)

A ¼ 1

3

X3
i¼1

�
�Hi

H

�
2
; (23)

�2 ¼ 1

2
�ij�

ij ¼ 1

2

X3
i¼1

H2
i � 3H2; (24)

q ¼ d

dt

�
1

H

�
� 1 ¼ � 1

H2
ð _H þH2Þ: (25)

The sign of the deceleration parameter indicates how the
Universe expands. A positive sign for q corresponds to the
standard decelerating models, whereas a negative sign
indicates inflation. We also note that A ¼ 0 for an isotropic
expansion.
We assume that the confined matter source on the brane

is the perfect fluid in which its pressure obeys a linear
barotropic equation of state p ¼ ð
� 1Þ� with 1 � 
 �
2, where 
 ¼ 2 represents the stiff cosmological fluid. In
this paper we also restrict our analysis to a conformally flat
bulk geometry with CABCD ¼ 0.
With use of the Codazzi equation and the Bianchi iden-

tity, from Eq. (12) we obtain

r�T�� ¼ 0; (26)

which gives

_�þ 3
H� ¼ 0: (27)

Thus the time evolution of the energy density of the matter
is given by

� ¼ �0v
�
: (28)

Using the variables (21) the gravitational field equations on
the brane take the form
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�
3 _H þX3

i¼1

H2
i

��
1þ 	

6
�4
5�

2 þ 1

6
�4
5�

2�þ 1

3
�4
5�

4ðH1H2 þH1H3 þH2H3Þ
�

� 1

6
�4
5�

4½H2
1H

2
2 þH2

1H
2
3 þH2

2H
2
3 þ 2H2

1H2H3 þ 2H2
2H1H3 þ 2H2

3H1H2� ¼ �� ð3
� 2Þ
2

	�4
5

6
�� ð3
� 1Þ�4

5�
2

12
;

(29)

and
�
1þ 	

6
�4
5�

2 þ 2�4
5�

4ð _H2 þH2
2 þ _H3 þH2

3 þH2H3Þ
�
1

v

d

dt
ðvH1Þ þ 1

12
�4
5�

2�

�
1

v

d

dt
ðvH2 þ vH3Þ

�

¼ �� ð
� 2Þ
2

	�4
5

6
�� ð
� 1Þ

12
�4
5�

2 þ �4
5�

4ð _H2 þH2
2 þ _H3 þH2

3 þH2H3Þ2

� �4
5�

2

12
p½ _H2 þH2

2 þ _H3 þH2
3 � 2ð _H1 þH2

1Þ � ðH1H2 þH1H3 � 2H2H3Þ�; (30)

�
1þ 	

6
�4
5�

2 þ 2�4
5�

4ð _H1 þH2
1 þ _H3 þH2

3 þH1H3Þ
�
1

v

d

dt
ðvH2Þ þ 1

12
�4
5�

2�

�
1

v

d

dt
ðvH1 þ vH3Þ

�

¼ �� ð
� 2Þ
2

	�4
5

6
�� ð
� 1Þ

12
�4
5�

2 þ �4
5�

4ð _H1 þH2
1 þ _H3 þH2

3 þH1H3Þ2

� �4
5�

2

12
p½ _H1 þH2

1 þ _H3 þH2
3 � 2ð _H2 þH2

2Þ � ðH1H2 þH2H3 � 2H1H3Þ�; (31)

�
1þ 	

6
�4
5�

2 þ 2�4
5�

4ð _H1 þH2
1 þ _H2 þH2

2 þH1H2Þ
�
1

v

d

dt
ðvH3Þ þ 1

12
�4
5�

2�

�
1

v

d

dt
ðvH1 þ vH2Þ

�

¼ �� ð
� 2Þ
2

	�4
5

6
�� ð
� 1Þ

12
�4
5�

2 þ �4
5�

4ð _H1 þH2
1 þ _H2 þH2

2 þH1H2Þ2

� �4
5�

2

12
p½ _H1 þH2

1 þ _H2 þH2
2 � 2ð _H3 þH2

3Þ � ðH1H3 þH2H3 � 2H1H2Þ�: (32)

By summing Eqs. (30)–(32) we find
�
1þ 	

6
�4
5�

2 þ 2�4
5�

4ð _H2 þH2
2 þ _H3 þH2

3 þH2H3Þ
�
1

v

d

dt
ðvH1Þ

þ
�
1þ 	

6
�4
5�

2 þ 2�4
5�

4ð _H1 þH2
1 þ _H3 þH2

3 þH1H3Þ
�
1

v

d

dt
ðvH2Þ

þ
�
1þ 	

6
�4
5�

2 þ 2�4
5�

4ð _H1 þH2
1 þ _H2 þH2

2 þH1H2Þ
�
1

v

d

dt
ðvH3Þ þ 1

6
�4
5�

2�

�
1

v

d

dt
ðvH1 þ vH2 þ vH3Þ

�

¼ 3�� ð
� 2Þ
4

	�4
5�� ð
� 1Þ

4
�4
5�

2 þ �4
5�

4½ð _H2 þH2
2 þ _H3 þH2

3 þH2H3Þ2

þ ð _H1 þH2
1 þ _H3 þH2

3 þH1H3Þ2 þ ð _H1 þH2
1 þ _H2 þH2

2 þH1H2Þ2�: (33)

As we noted before, assuming � ¼ 0 and �2
4 ¼ �4

5
	

6 , the
effective field equation (15) reduces to the gravitational
field equations in the generalized Randall-Sundrum II
model; thus we find that Eqs. (30)–(33) reduce to the
following equations, respectively [29]:

1

v

d

dt
ðvHiÞ¼��ð
�2Þ

2
�2
4��

ð
�1Þ
12

�4
5�

2; i¼1;2;3;

(34)

1

v

d

dt
ð3vHÞ ¼ 3�� 3ð
� 2Þ

2
�2
4�� ð
� 1Þ

4
�4
5�

2:

(35)

Now, by substituting Eq. (35) into Eq. (34), we obtain

Hi ¼ Hþ Ki

v
; i ¼ 1; 2; 3; (36)

with Ki being constants of integration satisfying the con-
sistency condition

P3
i¼1 Ki ¼ 0. By using relationH ¼ _v

3v ,
Eq. (35) describing the dynamics of the anisotropic brane-
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world can be written as

€v ¼ 3�v� 3ð
� 2Þ
2

�2
4�0v

1�
 � ð
� 1Þ
4

�4
5�

2
0v

1�2
:

(37)

In this case the behavior of the expansion scalar, mean
anisotropy parameter, shear scalar, and deceleration pa-
rameter in the Bianchi type I universe can be expressed
in the following exact parametric form, with v � 0 taken
as a parameter:

� ¼ ð3�þ 3�2
4�0v

�
 þ 1
4�

4
5�

2
0v

�2
 þ Cv�2Þ1=2; (38)

A ¼ 3K2ð3�v2 þ 3�2
4�0v

2�
 þ 1
4�

4
5�

2
0v

2�2
 þ CÞ�1;

(39)

�2 ¼ K2

2v2
; (40)

q¼2�36�v2þ18ð2�
Þ�2
4�0v

2�
þ3ð1�
Þ�4
5�

2
0v

2�2


12�v2þ12�2
4�0v

2�
þ�4
5�

2
0v

2�2
þ4C
;

(41)

where K2 ¼ P3
i¼1 K

2
i . The behavior of the deceleration

parameter of the Bianchi type I geometry is illustrated,
for different values of 
, in Fig. 1. In the initial stage the
evolution of the Bianchi type I brane universe is noninfla-
tionary, but in the late time limit the brane universe ends in
an accelerating stage. In Fig. 1 we have also plotted the
mean anisotropy parameter for different values of 
. The
behavior of the mean anisotropy parameter shows that at
high densities for 
 ¼ 2 and 
 ¼ 4=3, due to the presence
of the quadratic terms in the energy-momentum tensor, the
brane universe starts its evolutions from an isotropic state
with Aðt0Þ ¼ 0 and ends up in an isotropic de Sitter infla-
tionary phase at late time. For 
 ¼ 1 the quadratic contri-
bution to the energy-momentum tensor in Eq. (37) vanishes
and so the universe is born in a state of maximum anisot-
ropy. The study of anisotropic homogeneous braneworld
cosmological models has shown an important difference
between these models and standard 4D general relativity,

namely, that brane universes are born in an isotropic state
[29]. The time variation of the shear parameter is repre-
sented, for different values of 
, in Fig. 2.
Now, we are going to express the full warped DGP

braneworld model in a parametric form of the volume scale

factor. Using relation 2rc ¼ �2
5

�2
4

� �2
5�

2 and assuming that

the directional Hubble parameters is much smaller than the
inverse of the crossover scale1 rcHi � 1 and rc _Hi � 1,
i ¼ 1, 2, and 3, from Eq. (33) we obtain

1

v

d

dt
ð3vHÞ

�
1þ 	

6
�4
5�

2 þ 1

6
�4
5�

2�

�

¼ 3�� ð
� 2Þ
4

	�4
5�� ð
� 1Þ

4
�4
5�

2: (42)

Using relationH ¼ _v
3v and the energy density of the matter,

we can rewrite Eq. (42) in the form

€v

�
1þ 	

6
�4
5�

2 þ 1

6
�4
5�

2�0v
�


�

¼ 3�v� 3ð
� 2Þ
2

	�4
5

6
�0v

1�
 � ð
� 1Þ
4

�4
5�

2
0v

1�2
:

(43)

The general solution of Eq. (43) becomes

t� t0 ¼
Z
½Fðv; 
Þ þ C��1=2dv; (44)

where

0.25 0.5 0.75 1 1.25 1.5
t

-1

-0.75

-0.5

-0.25

0.25

0.5

0.75

1
q t

0.25 0.5 0.75 1 1.25 1.5
t

0.2

0.4

0.6

0.8

1
A t

FIG. 1. (Left panel) The deceleration parameter q of the Bianchi type I brane universe with confined perfect cosmological fluid.
(Right panel) The anisotropy parameter A of the Bianchi type I brane universe for 
 ¼ 2 (solid curve), 
 ¼ 4=3 (dot-dashed curve),
and 
 ¼ 1 (dashed curve) as a function of time in the generalized RS II model.

1It was shown that the expansion of the Universe enters the 5D
regime when the Hubble expansion rate is much smaller than the
inverse of the critical length scale, r�1

c [30].
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Fðv; 
Þ ¼ 36

�8
5�

4�2
0

v�


�
�4
5�

2
0

4

�
1þ 	

6
�4
5�

2

�
ð
� 1Þv


��2 	�
8
5�

2
0

24
ð
� 2Þv
 þ�2 �

8
5�

3
0

12

ð
� 1Þ
ð
� 2Þ

�

� 36

�8
5�

4�2
0

v�

2F1

�
� 2



; 1;


� 2



;

� �4
5�

2�0

6ð1þ 	
6 �

4
5�

2Þv
�


��
�4
5�

2
0

4

�
1þ 	

6
�4
5�

2

�

� ð
� 1Þv
 ��2 	�
8
5�

2
0

24
ð
� 2Þv


� ��8
5�

4�2
0

12ð1þ 	
6 �

4
5�

2Þv



�
; (45)

and here C is a constant of integration. The time variations
of the physically important parameters described above in
the exact parametric form for 
 ¼ 1, with v taken as a
parameter, are given by

� ¼ ½fðvÞv�2 þ Cv�2�1=2; (46)

A ¼ 3h2

½fðvÞ þ C� ; (47)

�2 ¼ h2

2v2
; (48)

q ¼ 2

� 3v½3�v� 3ð
�2Þ
2

	�4
5

6 �0v
1�
 � ð
�1Þ

4 �4
5�

2
0v

1�2
�
½fðvÞ þ C�½1þ 	

6 �
4
5�

2 þ 1
6�

4
5�

2�0v
�
� ;

(49)

where h2 is a constant of integration and fðvÞ � Fðv; 
 ¼
1Þ. We consider 	 ¼ 0 and show that the extra terms in the
warped DGP braneworld model can be used to account for
the accelerated expansion of the anisotropic universe. In
Fig. 3 we have plotted the dynamics of the deceleration
parameter for 
 ¼ 1. As mentioned before, qðtÞ> 0 cor-
responds to the standard decelerating models, whereas
qðtÞ< 0 indicates an accelerating expansion in late times.
Therefore, the Universe undergoes an accelerated expan-
sion at late times in the absence of a positive cosmological
constant.
The behavior of the mean anisotropy parameter of the

Bianchi type I geometry is illustrated, for 
 ¼ 1, in Fig. 3.
The behavior of this parameter shows that the Universe
starts from a singular state with maximum anisotropy and
ends up in an isotropic de Sitter inflationary phase at late
time. In Fig. 4, we compare the behavior of the anisotropy
parameter for the generalized RS II model and warped
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FIG. 3. (Left panel) The deceleration parameter q of the Bianchi type I brane universe with confined perfect cosmological fluid.
(Right panel) The anisotropy parameter A of the Bianchi type I brane universe for 
 ¼ 1 as a function of time in the warped DGP
braneworld model with 	 ¼ 0.
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FIG. 2. (Left panel) The shear scalar �2 for the Bianchi type I brane universe with confined perfect cosmological fluid for 
 ¼ 2
(solid curve), 
 ¼ 4=3 (dot-dashed curve), and 
 ¼ 1 (dashed curve) as a function of time in the generalized RS II model. (Right
panel) The same parameter for 
 ¼ 2 (solid curve), 
 ¼ 4=3 (dot-dashed curve), and 
 ¼ 1 (dashed curve) as a function of time in the
warped DGP braneworld model.
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DGP braneworld model. Also, the time variation of the
shear parameter is represented, for different values of 
, in
Fig. 2.

IV. CONCLUSIONS

The braneworld model of DGP provides an interesting
alternative to a positive cosmological constant by modify-
ing gravity at a large distance. In this paper we have studied
the time variation of the physically important parameters
on the Bianchi type I cosmological model based on the
warped DGP braneworld scenario. We have shown that the

extra terms in the effective gravitational field equations on
the warped DGP brane can be used to account for the
accelerated expansion of an anisotropic universe.
The study of the behavior of the anisotropy parameter

shows that in a DGP model, the brane universe starts its
evolution from a singular state with maximum anisotropy
and reaches, for Bianchi type I space-time, an isotropic
state in the late time limit. It has been found that isotrop-
ization can proceed slower in the warped DGP model than
the generalized RS II model.
Finally, we mention that the self-accelerating branch of

the original DGP model is unstable due to the existence of
a ghost [31]. There were attempts to merge the DGP
proposal and models with warped backgrounds to get a
long distance modification of gravity. But it turned out that
it is unlikely to cure the problems of the DGP gravity by
invoking branes of nonzero tension and warped bulk space2

[32,33]. However, as has been argued in [34], the general-
ized version of the DGP scenario can be ghost free and can
give rise to transient acceleration [35]. It needs further
justification which is beyond the scope of the present paper.

[1] A. G. Riess et al., Astron. J. 116, 1009 (1998).
[2] S. Perlmutter et al., Astrophys. J. 517, 565 (1999); D. N.

Spergel et al., Astrophys. J. Suppl. Ser. 148, 175 (2003).
[3] C. L. Bennett et al., Astrophys. J. Suppl. Ser. 148, 1

(2003).
[4] C. B. Netterfiled et al., Astrophys. J. 571, 604 (2002);

N.W. Halverson et al., Astrophys. J. 568, 38 (2002).
[5] S. Weinberg, Rev. Mod. Phys. 61, 1 (1989).
[6] J. Polchinski, arXiv:hep-th/0603249.
[7] N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys.

Lett. B 429, 263 (1998); I. Antoniadis, N. Arkani-Hamed,
S. Dimopoulos, and G. Dvali, Phys. Lett. B 436, 257
(1998).

[8] L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 3370
(1999).

[9] L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 4690
(1999).

[10] P. Brax and C. van de Bruck, Classical Quantum Gravity
20, R201 (2003); R. Maartens, Living Rev. Relativity 7, 7
(2004); P. Brax, C. van de Bruck, and A. C. Davis, Rep.
Prog. Phys. 67, 2183 (2004).

[11] G. Dvali, G. Gabadadze, and M. Porrati, Phys. Lett. B 485,
208 (2000).

[12] G. Dvali and G. Gabadadze, Phys. Rev. D 63, 065007
(2001).

[13] E. Witten, arXiv:hep-ph/0002297.

[14] S. del Campo and R. Herrera, Phys. Lett. B 485, 208
(2000); R. Gregory, N. Kaloper, R. C. Myers, and A.
Padilla, J. High Energy Phys. 10 (2007) 069.

[15] C. Deffayet, Phys. Lett. B 502, 199 (2001).
[16] C. Deffayet, G. Dvali, and G. Gabadadze, Phys. Rev. D 65,

044023 (2002).
[17] A. Lue, Phys. Rep. 423, 1 (2006).
[18] A. Campos and Carlos F. Sopuerta, Phys. Rev. D 63,

104012 (2001); 64, 104011 (2001); A.A. Coley, Phys.
Rev. D 66, 023512 (2002); Classical Quantum Gravity 19,
L45 (2002); S. Hervik, Astrophys. Space Sci. 283, 673
(2003); A. A. Coley and S. Hervik, Classical Quantum
Gravity 20, 3061 (2003); M. Bruni and P. K. S. Dunsby,
Phys. Rev. D 66, 101301 (2002); M.G. Santos, F. Vernizzi,
and P. G. Ferreira, Phys. Rev. D 64, 063506 (2001); C.M.
Chen, T. Harko, and M.K. Mak, Phys. Rev. D 64, 124017
(2001); N.Y. Savchenko, S. V. Savchenko, and A.V.
Toporensky, Classical Quantum Gravity 19, 4923
(2002); J.M. Aguirregabiria, L. P. Chimento, and R.
Lazkoz, Classical Quantum Gravity 21, 823 (2004); J. D.
Barrow and R. Maartens, Phys. Lett. B 532, 153 (2002);
J.M. Aguirregabiria and R. Lazkoz, Int. J. Mod. Phys. D
13, 539 (2004); A.V. Frolov, Phys. Lett. B 514, 213
(2001); R. J. van den Hoogen, A. A. Coley, and H. Ye,
Phys. Rev. D 68, 023502 (2003); R. J. van den Hoogen and
J. Ibanez, Phys. Rev. D 67, 083510 (2003); N. Goheer and

0.25 0.5 0.75 1 1.25 1.5
t

0.2

0.4

0.6

0.8

1
A

FIG. 4. The anisotropy parameter A of the Bianchi type I brane
universe for 
 ¼ 1 as a function of time in the generalized RS II
model (dashed curve) and the warped DGP braneworld model
(solid curve).

2For a comprehensive study of the general behavior of the self-
accelerating warped braneworlds and a compression of the
original DGP model, see [32].

ANISOTROPIC COSMOLOGIES IN WARPED DGP BRANEWORLD PHYSICAL REVIEW D 80, 083503 (2009)

083503-7



P.K. S. Dunsby, Phys. Rev. D 66, 043527 (2002); 67,
103513 (2003).

[19] R. Maartens, V. Sahni, and T.D. Saini, Phys. Rev. D 63,
063509 (2001).

[20] A. V. Toporensky, Classical Quantum Gravity 18, 2311
(2001).

[21] B. C. Paul, Phys. Rev. D 64, 124001 (2001); 66, 124019
(2002); T. Harko and M.K. Mak, Classical Quantum
Gravity 20, 407 (2003).

[22] M. Heydari-fard and H. R. Sepangi, Phys. Lett. B 649, 1
(2007); Phys. Rev. D 78, 064007 (2008).

[23] K. Maeda, S. Mizuno, and T. Torii, Phys. Rev. D 68,
024033 (2003).

[24] R. G. Cai and H. Zhang, J. Cosmol. Astropart. Phys. 08
(2004) 017.

[25] R.W. Wald, Phys. Rev. D 28, 2118 (1983).
[26] T. Kobayashi, Classical Quantum Gravity 23, 4847 (2006).
[27] G.W. Gibbons and S.W. Hawking, Phys. Rev. D 15, 2752

(1977); H.A. Chamblin and H. S. Reall, Nucl. Phys. B562,
133 (1999).

[28] T. Shiromizu, K. Maeda, and M. Sasaki, Phys. Rev. D 62,
024012 (2000).

[29] C.M. Chen, T. Harko, and M.K. Mak, Phys. Rev. D 64,

044013 (2001).
[30] C. Deffayet, G. R. Dvali, G. Gabadadze, and A. I.

Vainshtein, Phys. Rev. D 65, 044026 (2002).
[31] K. Koyama, Phys. Rev. D 72, 123511 (2005); Classical

Quantum Gravity 24, R231 (2007); D. Gorbunov, K.
Koyama, and S. Sibiryakov, Phys. Rev. D 73, 044016
(2006); A. Nicolis and R. Rattazzi, J. High Energy Phys.
06 (2004) 059; K. Izumi, K. Koyama, and T. Tanaka, J.
High Energy Phys. 04 (2007) 053; C. de Rham and A. J.
Tolley, J. Cosmol. Astropart. Phys. 07 (2006) 004.

[32] M. Carena, J. Lykken, M. Park, and J. Santiago, Phys. Rev.
D 75, 026009 (2007).

[33] S. L. Dubovsky and M.V. Libanov, J. High Energy Phys.
11 (2003) 038; M.N. Smolyakov, Nucl. Phys. B695, 301
(2004); M.A. Luty, M. Porrati, and R. Rattazzi, J. High
Energy Phys. 09 (2003) 029.

[34] M. Sami, arXiv:0904.3445.
[35] M. Cadoni and P. Pani, Phys. Lett. B 674, 308 (2009); Y.

Shtanov, V. Sahni, A. Shafieloo, and A. Toporensky, J.
Cosmol. Astropart. Phys. 04 (2009) 023; K. Nozari and F.
Kiani, J. Cosmol. Astropart. Phys. 07 (2009) 010; V. Sahni
and Y. Shtanov, J. Cosmol. Astropart. Phys. 11 (2003) 014.

MALIHE HEYDARI-FARD PHYSICAL REVIEW D 80, 083503 (2009)

083503-8


