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1. Introduction

Recent cosmological observations namely, high redshift surveys of type Ia Supernovae, CMB
etc. predict that the present universe is passing through an accelerating phase of expansion
[1]. The discovery of anisotropy in the Cosmic Microwave Background (CMB) by the
Cosmic Microwave Background Explorer (in short, COBE) satellite marked a major advance
in cosmology. CMB anisotropy in general alongwith COBE data now provide some of the
most powerful tests of cosmological theories, particularly theories concerning the formation
of large-scale structure of the universe. It is now generally believed that the universe has
emerged out of an inflationary phase in the past. It has been recently predicted that the present
universe is undergoing an accelerating phse of expansion. The above two observational
facts in the universe do not find explanation in the framework of Einstein general theory
of Relativity (GTR) with normal matter. It is known that early inflation may be realized in a
semiclassical theory of gravity where matter is described by quantum fields [2]. Starobinsky
obtained inflationary solution considering a curvature squared term in the Einstein-Hilbert
action [3] long before the advent of inflation was known. However, the efficacy of inflation
is known only after the seminal work of Guth who first employed the phase transition
mechanism to accommodate inflation. Thereafter more than a dozen of inflationary model
came up. The early inflationary universe can be realized either by (i) a modification of
gravitational sector of action introducung higher order terms or [4], (ii) a modification of the
matter sector instead of perfect fluid, matter is described by quantum fields. Another way of
realizing inflation is to consider imperfect fluid. In the case of matter, the equation of state (in
short, EOS) is p = w p where p represents the pressure and p represents the energy density,
inflation is permitted if w = —1. For a homogeneous scalar field the condition for inflation
is achieved when the potential energy of the field dominates over the kinetic energy. The
inflationary period ends when the scalar field or the inflaton field reaches the minimum of the
potential. Thereafter the field oscillates and a small comoving volume grows to accommodate
the whole universe. The universe decelerates during matter dominated era but the recent
observation is that the universe is accelerating. The present accelerating phase can be realized
with EOS parameter w < —1. The usual fields in the standard model of particle physics are
not suitable to obtain such accelerating phase of the present universe. In fact it is a challenge
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106 Advances in Modern Cosmology

to theoretical physics to describe the origin of such matter density. Recent astronomical
data when interpreted in the context of the big-bang model have provided some interesting
information about the composition of the universe. The total energy density is shared among
a number of fluids that comprises the universe. While Big-Bang nucleosynthesis data suggest
that baryonic matter can account for only about 4 % of the total energy density, the cold dark
matter (CDM) is about 23 % and the third part, called dark energy, constitutes the remaining
73 % of the total energy density of the universe. To accommodate such a huge energy density
various kinds of exotic matters are taken into account as a possible candidate for the dark
energy. Among the different theories put forwarded in the literature in recent times, the single
component fluid known as Chaplygin gas with an equation of state (EOS) p = — % [5], where p
and p are the energy density and pressure respectively and B is a constant has attracted large
interest in cosmology. The above equation of state, however, has been conceived in studies
of adiabatic fields. It was used to describe lifting forces on a plane wing in aerodynamics
process. In cosmology, although it admits an accelerating universe, fails to address structure
formation and cosmological perturbation power spectrum [11]. Subsequently, a modified

form of the equation of state v = —2£ with 0 < a < 1 was also considered to construct a
q P )

viable cosmological model [6, 7], which is known as generalized Chaplygin gas (GCG). It has
two free parameters B and « respectively. The fluid behaves initially like dust for small size of
the universe, but at a later epoch the fluid may be described by an equation of state p = wp.
It has string connection, the above EOS can be obtained from the Nambu-Goto action for a
D-brane moving in a (D+2) -dimensional space-time in the light cone parametrization. The
EQOS for GCG has been further modified to

p:Ap—p% with 0 < a < 1. D

where A is an equation of state parameter and B is a constant, known as modified GCG.
The modified GCG has three free parameters. In the early universe when the scale factor of
the universe a(t) was small, the modified GCG gas corresponds to a barotropic fluid (if one
considers A = % it corresponds to radiation and A = 0 it corresponds to matter). Thus at
one extreme end modified GCG behaves as ordinary fluid and at the other extreme when
the universe is sufficiently large it behaves as cosmological constant which can be fitted to
a ACDM model. In a flat Friedmann model it is shown [6] that the modified generalized
Chaplygin gas may be equivalently described in terms of a homogeneous minimally coupled
scalar field ¢. Barrow [10] has outlined a method to fit Chaplygin gas in FRW universe. Gorini
et al. [11] using the above scheme obtained the corresponding homogeneous scalar field ¢(t)
in a potential V(¢) which can be used to obtain a viable cosmological model with modified
Chaplygin gas. Another form of EOS for Chaplygin gas [12] is considered recently which is
given by

p:Ap—Bp(Z) with 0 <a <1, @)

with a variable B = B,a 3", B, is a constant and a is the scale factor of the universe.
The fluid described by the above equation is of much importance now-a-days which is
known as variable Chaplygin gas. Using the scheme given by Gorini and his coworkers the
corresponding homogeneous scalar field ¢(t) and its potential V(¢) may be obtained. Guo
and Zhang [13] obtained cosmological model using the EOS for variable Chaplygin gas. It is
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therefore important to track the dark energy component of the energy density in terms of the
above EOS. Cosmological observational results will be used to obtain the necessary constraints
[14].

Recently holographic principle [15, 16] is incorporated in cosmology [17-20] to track the dark
energy content of the universe following the work of Cohen et al. [21]. Holographic principle
is a speculative conjecture about quantum gravity theories proposed by G’t Hooft. The idea
is subsequently promoted by Fischler and Susskind [15] claiming that all the information
contained in a spatial volume may be represented by a theory that lives on the boundary
of that space. For a given finite region of space it may contain matter and energy within it. If
this energy be less than a critical value then the region collapses to a black hole. A black hole
is known theoretically to have an entropy which is proportional to its surface area of its event
horizon. The event horizon of a black hole encloses a volume, thus a more massive black hole
have larger event horizon and encloses larger volume. The most massive black hole that can
be fitted in a given region is the one whose event horizon corresponds exactly to the boundary
of the given region under consideration. The maximal limit of entropy for an ordinary region
of space is directly proportional to the surface area of the region and not to its volume.
Thus, according to holographic principle, under suitable conditions all the information about
a physical system inside a spatial region is encoded in the boundary. The basic idea of a
holographic dark energy in cosmology is that the saturation of the entropy bound may be
related to an unknown ultra-violet (UV) scale A to some known cosmological scale in order to
enable it to find a viable formula for the dark energy which may be quantum gravity in origin
and it is characterized by A. The choice of UV-Infra Red (IR) connection from the covariant
entropy bound leads to a universe dominated by blackhole states. According to Cohen et al.
[21] for any state in the Hilbert space with energy E, the corresponding Schwarzschild radius
Rs ~ E, may be less than the IR cut off value L (where L is a cosmological scale). It is possible

to derive a relation between the UV cutoff p}\/ % and the IR cutoff which eventually leads to

a constraint (éng—zc) L3 (%’\) < L [22] where py is the energy density corresponding to dark

energy characterized by A, G is Newton’s gravitational constant and ¢ is a parameter in the
theory. The holographic dark energy density is

pa =3c*MpL 72, 3)

where M1§2 = 87mG. It is known that the present acceleration may be described if wy =

pPa
(2N
model based on Hubble scale as IR cut off does not permit accelerating universe. It is also

examined [17] that the holographic dark energy model based on the particle horizon as the
IR cutoff is not suitable for an accelerating universe. However, an alternative model of dark
energy using particle horizon in closed model is also proposed [23]. Li [18] has obtained
an accelerating universe considering event horizon as the cosmological scale. The model
is consistent with the cosmological observations. Thus to have a model consistent with
observed universe one should adopt the covariant entropy bound and choose L to be event
horizon [24]. Considering a correspondence of holographic dark energy and Chaplygin gas
the field potential is reconstructed [25, 26]. In this chapter we consider variable Chaplygin
gas whose EOS is given by eq. (2) and set up a correspondence with holographic dark energy
to reconstruct scalar field potential. The holographic description of the variable Chaplygin

|7 % If one considers L ~ % it gives wpy = 0. A holographic cosmological constant
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gas as a dark energy in FRW universe is considered to explain the dark energy needed for an
accelerating universe at late epoch.

The chapter is organized as follows : in sec. 2, the relevant field equation with modified
variable Chaplygin gas in FRW universe is presented. Considering correspondence of
holographic dark energy fields with modified variable chaplygin gas, we determine the field
and the corresponding potential is reconstructed. in sec. 3, squared speed of sound for
holographic dark energy is evaluated for stability analysis. Finally in sec. 4, a brief discussion
is given.

2. Field equation and modified variable chaplygin gas

The Einstein’s field equation is given by
1

where T),, is the energy momentum tensor.
We consider a Robertson-Walker (RW) metric given by

dr?

2_ g2 2
ds® = —dt° +a“(t) T2

+ r?(d6% + sin®6 d¢?) (5)

where a(t) is the scale factor of the universe. The energy momentum tensor is T =
(o, —p, —p, —p) where p and p are energy density and pressure respectively.
Using RW metric given by (5) and the energy momentum tensor, the Einstein’s field equation
(4) yields
k 1
H 4 = 6
t 2= il (6)

where we use 871G = M%, H = % is the Hubble parameter. The conservation equation for
matter is given by

d

o +3H(p+p) =0 @)
where p = pmatter + paA, Where pp is the energy density corresponding to A. For modified

variable chaplygin gas (henceforth, VCG), we use EOS given by eq. (2) in eq. (6), which yields

= (14 a)B, 1 G\
PA‘((H@(HA)—MWUW) ®

where C, is an integration constant and we denote m = 3(1 + A)(1 4+ «) . However, for
modified Chaplygin gas (i.e., for n = 0) it reduces to

1
[ B, | G\
pA—<1+A+a_m> '

We now define the following

QA:z_A/Qm:_IQk:— )
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where oy = 3M123H2, Qp, Oy and O represent density parameter corresponding to A, matter
and curvature respectively.

We assume here that the origin of dark energy is a scalar field. Making use of Barrow’s scheme
[10], we get the following

1, B, C,\&n
P¢:2¢2+V(¢):P:<u3}1+gm> , (10)
(n—1—wa)By AC,

1. 1+a)as" + am
po= o8 = V(@) =p = : (11

o
B C, | T+
(#+3)"

where B; = (I+a)Bo Now the corresponding scalar field potential and its kinetic ener
( p g p gy

1+a)(1+A)—n
term is obtained from above which are given by

Co(1-4) 4+ lta—n By

v _ 2™ 1+0ca a3”, 12
(9) = Tis )
(5%
7’ZB1 C(1+A)

(14+a)asn =
(Bl 4 CD(1+A)) Tra

adn am

(13)

-

For MCG in a flat universe(k = 0), eq. (13) can be integrated which yields

¢ = i\/% sinh™! [\/(B:? a—?] (14)

when n = 0 [27] and the corresponding potential is given by

By(1-4) o 301 A)(1+a
o + 2((1+A))Smh2< S )‘P)

(o)™ coshs < EER[EEY 4))

The above equation further reduces to that obtained in Ref. [26] fora =1, A = 0and n = 0.
Now we consider that the scalar field model of dark energy described by modified variable
Chaplygin gas which corresponds to holographic dark energy of the universe. In this section
we reconstruct the correponding potential. Let us now consider a non-flat universe with k # 0
and use the holographic dark energy density given in (3) as

(15)

oA = 3c2M3L 72, (16)

where L is the cosmological length scale for tracking the field corresponding to holographic
dark energy in the universe. The parameter L is defined as

L =ar(t). (17)
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where a(t) is the scale factor of the universe and r(t) is relevant to the future event horizon of
the universe. Using Robertson-Walker metric one gets [19]

L= gy { ]k\Rh(t)/a(t)} for k=+1,

=Ry for k=0,

= iz/(% sinh [ |k|Rh(t)/a(t)} for k= —1. (18)

where Rj, represents the event horizon which is given by

R, = a(t) /°° L / _dar (19)
toa(t’) o V1—kr?
Here Ry, is measured in r direction and L represents the radius of the event horizon measured
on the sphere of the horizon. Using the definition of O\ = % and por = 3M%H2, one can
derive [20]
HL = —< (20)

viory

Using egs. (19)- (20), we determine the rate of change of L with respect to t which is

[ = ¢ — L cos \/WR]’[ or =
e o (V) e

c
= —1 for k=0,
VOu f

i () e

Using egs. (16) -(21) , we obtain the holographic energy density p, which is given by

dp A v A 1
— = —-2H [1—- — f(X ’ 22
dt [ c \/m f ( ) PA (22)
here we use the notation, henceforth,
f(X) =cos(X) [1,cosh(X)] fork=1]0,—1], (23)
with X = % The energy conservation equation is
d
A +BH(1 + wp)pa =0 (24)
which is used to determine the equation of state parameter
1 2y
wp = — <§+ 3CAf(X)>. (25)
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Now we assume holographic dark energy density which is equivalent to the modified variable
Chaplygin gas energy density. The corresponding energy density may be obtained using eq.
(8). The EOS parameter follows from eq. (2)

p_ ,_ B (26)

w = — =

p plx+1 :

We now consider correspondence between the holographic dark energy and modified
Chaplygin gas energy density. Using egs. (8), (16) and (22), one obtains

B, = (3c>MAL~2)+1 43n [A +1q 2\/Q—Af(x)} , (27)
3 3c
L+a)(A+ 3 +2952 f(X)
(14+a)(A+1)—n

Consequently one determines the scalar field potential which is given by

LR 0 A (1 2 )]

vig) > A+a)(1+A)—n 3773

Co = (3c*MpL™2)* 1 g™ [1 | (28)

and the corresponding kinetic energy of the field is

¢* = 2°M3L 2 {1 VAN f(X)} . (30)

C

It is interesting to note that for n = 0 the potential reduces to the form that obtained by Paul
et al. [27] and for n = 0 and A = 0, it reduces to that form obtained by Setare [25] (where B,
is to be replaced by A). We now substitute x (= Ina(t)), to transform the time derivative to
the derivative with logarithm of the scale factor, which is the most useful function in this case.
Consequently from eq. (30) one obtains

¥ = Mp\/zm (1- Yt ) G1)
where ()’ prime represents derivative with respect to x. Thus, the evolution of the scalar field
is given by
Ina /0
¢(a) — ¢p(a,) = V2Mp /lna \/QA (1 - Af(X)) dx. (32)

3. Squared speed for Holographic Dark Energy (HDE) or stability of HDE :

We consider a closed universe model (k = 1) in this case. The dark energy equation of state
parameter given by eq. (32) reduces to

1 2
wA:—g (1—1—2\/0,\ cosy) (33)
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where y = ﬂ The minimum value it can take is wy,;;, = —% (1 +2/Q) A) and one obtains
a lower bound w,,;, = —0.9154 for O, = 0.76 with ¢ = 1. Taking variation of the state
parameter with respect to x = In a, we get [17]
oy 21 1 1
1-0 — 4
Qz ( A)< QAcosy+1—a’)’QA> (3)
and the variation of equation of state parameter becomes
, VQA 1_QA ZN/QA ( 2 >
= 1-0 ) 35
WA= 3c 1—ya + c ACOSTY (35)

[

where y = & . We now introduce the squared speed of holographic dark energy fluid as

d 7 p
0y =LA _FA _FA 36
A dpy  pa Pl (36)

where varaiation of eq. (30) w.r.t. x is given by

PA = WAPA + WAL (37)
Using the egs. (36) and (37) we get
A =wh A 4w,
0'A

which now becomes

QA—1—2\/—(1—01\605 y)
1— % cosy

(38)

1 2 1
2 _ _ - _ =2/ = ./
UA 37 30 Q) cosy + 6 Qp

The variation of 04 with Q4 is shown in fig. 1 for different y values. It is found that for a

given value of ¢, a, 7, the model admits a positive squared speed for )5 > 0. However, Q)5

is bounded below otherwise instability develops. We note also that for (Z"erl) <y< M,

(where n is an integer) no instability develops. We plot the case for n = 0 in fig. 2, it is evident
that for y < % and y > 2%, the squared speed for holographic dark energy becomes negative
which led to instability. But for the region 7 < y < 3 with n = 0 no such instability
develops. It is also found that for y = 0 i.e., in flat case the holographic dark energy model is

always unstable [28].

4. Discussions

Holographic dark energy model is explored here in a FRW universe with a scalar field which
describes the modified variable Chaplygin gas. We consider correspondence of holographic
dark energy and the modified variable Chaplygin gas to reconstruct the potential. Since
a complete theory of quantum gravity is yet to emerge, we adopt the above approach to
understand the nature of dark energy. We determine the evolution of the field and reconstruct
the potential of the Holographic dark energy in the case of flat, closed and open models of
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Fig. 1. shows the plot of v versus Q4 for different values of y withc =1,y = 1/3 and

a = 1, in the first array the figures are fory = 5 and y = 7 , in the second array for
Y= 157” , ¥ = and in the third array for y = 257” Sy = 37”
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the universe. Although the cosmological observations predict a flat model of the universe, a
closed universe with small positive curvature ((}; = 0.01) is compatible with observations.
So, in this paper we considered non-flat case also. We give here a generalized expression
for the potential and the kinetic energy term considering a modified variable Chaplygin gas
[12, 13]. The holographic dark energy field and the corresponding potential depend on three
parameters namely, A, « and n. The potential and the kinetic energy given by egs. (11) and (12)
reduce to that form obtained by Setare [26] for A = 0, n = 0 and « = 1. However, the result
obtained by Paul et al. [27] recovered for n = 0. The stability of the holographic dark energy
is studied in sec. 3 and found that the stability depends on the parameter (. The evolution
of the holograpic dark energy field follows same pattern in the modified Chaplygin gas,
generalized Chaplygin gas and in the variable Chaplygin gas. However, the field potential is

found to differ which, however, depends on the EOS parameters A = 0, n = 0and a = 1. It is

found that holographic field potential V (¢) picks up a constant value for n = w. Itis

noted that the model permits a free holographic field when one chooses A =1and n =1 +«.

5. Acknowledgement

Author would like to thank IUCAA, Pune and IRC, Physics Department, North Bengal
University (NBU) for providing facilities to initiate the work. BCP is thankful to the Third
World Academy of Sciences (TWAS), Italy for Associateship to support a visit to the Institute
of Theoretical Physics, Chinese Academy of Sciences, Beijing and University Grants Commission,
New Delhi for financial support to carry out the work.

6. References

[1] A. G Riess et al., Astrophys. ]. 607, 665 (2004); S. Perlmutter et al., Nature 51, 391 (1998);
S. Perlmutter et al., Astrophys. . 598, 102 (2003); S. Perlmutter et al., Astrophys. ]. 517,
565 (1999);G. E. Smoot et. al., Ap. ]. 369 L1 (1992); P. de Bernardis et al. Nature 404 955
(2000); M. Tegmark et al., Phys. Rev D 69 , 103501 (2004); D. N. Spergel et al., arXive ;
astro-ph/0603449.

[2] A. H. Guth, Phys. Rev. D 23, 347 (1981); A. D. Linde, Phys. Lett. B 108, 389 (1982); Rep.
Prog. Phys. 47,925 (1984); R. H. Brandenberger, Rev. Mod. Phys. 57,1 (1985); D. H. Lyth,
D. Roberts and M Smith, Phys. Rev. D 57, 7120 (1998); L. Mersini, Mod. Phys. Lett. A 16,
1933 (2001); A. Linde, Int.]. Mod. Phys. A17, 89 (2002).

[3] A.A.Starobinsky, Phys. Lett. B 99, 24 (1980).

[4] R. Fabri and M. D. Pollock, Phys. Lett. B 125, 445 (1983); A. A. Starobinsky, Sov. Astron.
Lett. 9,302 (1983), JETP Lett. 42,152 (1986); S. W. Hawking and J. C. Luttrell, Nucl. Phys.
B 247, 250 (1984); L. A. Kofmann, A. D. Linde and A. A. Satrobinsky, Phys. Lett. B 157,
361 (1985); A. Vilenkin, Phys. Rev. D 32, 2511 (1985); M. B, Mijic, M. S. Morris and W.
Suen, Phys. Rev. D 34, 2934 (1986); S. Gottlober and V. Muller, Class. Quantum Grav. 3,
183 (1986); B. C. Paul, D. P. Datta and S. Mukherjee Mod. Phys. Lett. A 3, 843 (1988); G.
Magnano and S. M. Sokolowski, Phys. Rev. D 50, 5039 (1994); B. C. Paul and A. Saha, Int.
J. Mod. Phys. D 11, 493 (2002); S. Mukherjee, B. C. Paul, A. Beesham and S. D. Maharaj,
arXive: gr-qc/0505103; P.S. Debnath and B. C. Paul, Int. . Mod. Phys. D 15, 189 (2006);

www.intechopen.com



Holographic Dark Energy Model with Chaplygin Gas 115

S. Mukherjee, B. C. Paul, N. K. Dadhich, A. Beesham and S. D. Maharaj , Class. Quantum
Grav. 23, 6927 (2006).

[5] A.Y.Kamenshchik, U. Moschella and V. Pasquier, Phys. Lett. B 511, 265 (2001); V. Gorini,
A. Kamenshchik, U. Moschella and V. Pasquier, arXive: gr-qc/0403062.

[6] V. Gorini, A. Kamenshchik and U. Moschella, Phys. Rev. D 67 063509 (2003); U. Alam, V.
Sahni, T. D. Saini and A. A. Starobinsky, Mon. Not. Roy. Astron. Soc. 344, 1057 (2003)

[7] M. C. Bento, O. Bertolami and A. A. Sen, Phys. Rev. D 66, 043507 (2002); V. Sahni, T. D.
Saini, A. A. Starobinsky and U. Alam, JETP Lett. 77, 201 (2003).

[8] H.B. Benaoum, Accelerated Universe from Modified Chaplygin gas and tachyonic fluid, arXive
: hep-th/0205140.

[9] S. Nojiri and S. D. Odintsov, Phys. Rev. D 70, 103522 (2004), arXive: hep-th/0408170;
Phys. Rev. D 72, 023003 (2005), arXive: hep-th/0505215.

[10] J. D. Barrow, Nucl. Phys. B 310, 743 (1988), Phys. Lett. B 235, 40 (1990).

[11] V. Gorini, A. Kamenshchik, U. Moschella and V. Pasquier, Phys. Rev. D 69 123512 (2004),
A.Y. Kamenshchik, U. Moschella and V. Pasquier, Phys.

Lett. B511 265 (2001).

[12] M. Jamil and M. A. Rashid, Europhys. ] C 58, 111 (2008).

[13] Z-K. Guo and Y-Z. Zhang, Phys. Lett. B 645, 326 (2007).

[14] G. Sethi, S. K. Singh, P. Kumar, D. Jain and A. Dev,Int. |]. Mod. Phys. D 15, 1089 (2006);
Z-K. Guo and Y-Z. Zhang, arXive: astro-ph/0509790.

[15] W. Fischler and L. Susskind, Holography and Cosmology arXive : hep-th/9806039; L.
Susskind, Holography in the flat space limit, arXive : hep-th/9901079; D. Bigatti and L.
Susskind, TASI Lectures on the Holographic Principle,arXive : hep-th/0002044.

[16] R. Bousso, JHEP 9907, 004 (1999), JHEP 9906, 028 ((1999); Class. Quantum Grav, 17,997
(2000).

[17] S. D. H. Hsu, Phys. Lett. B 594, 13 (2004).

[18] M. Li, Phys. Lett. B 603, 1 (2004).

[19] J. Zhang, X. Zhang and H. Liu, Phys. Lett. B 651, 84 (2007), arXive: 0706.1185; X. Zhang,
Phys. Lett. B 648, 1 (2007); M. R. Setare,Phys. Lett. B 653, 116 (2007); N. Banerjee and D.
Pavon, Phys. Lett. B 647, 477 (2007); M. R. Setare, JCAP, 0701, 023 (2007); B. Chen, M.
Li and Y. Wang, Nucl. Phys. B 774, 256 (2007); M. R. Setare, Phys. Lett. B 644, 99 (2007);
M. R. Setare, Eur. Phys. ]. C 50 991 (2007); M. R. Setare and S. Shafei, JCAP 0609, 011
(2006); M. R. Setare, Phys. Lett. B 642, 1 (2006); J. P. Beltran Almeida and ]. G. Pereirs,
Phys. Lett. B 636, 75 (2006), arXive : gr-qc/0602103; X. Zhang, Phys. Rev. 74, 103505
(2006), arXive : astro-ph/0609699; S. Nojiri and S. D. Odintsov, Gen. Rel. Grav. 38, 1285
(2006), hep-th/0506212; Y. Gong and Y.Z. Zhang, Class. Quantum Grav. 22, 4895 (2005),
hep-th/0505175; X. Zhang and F. Q. Wu, Phys. Rev. D 72, 043524 (2005); D. Pavon and W.
Zimdahl, AIP Conf. Proce. 841, 356 (2006), arXive: hep-th/0511053.

[20] Q. G. Huang and M. Li, JCAP 8, 13 (2004), arXive: astro-ph/0404229.

[21] A.G. Cohen, D. B. Kaplan and A. E. Nelson, Phys. Rev. Lett. 82,4971 (1999).

[22] P. Horava and D. Minic, Phys. Rev. Lett. 85, 1610 (2000); S. Thomas, Phys. Rev. Lett. 89,
081301 (2002).

[23] E Simpson, JCAP 0703, 016 (2007).

[24] F. Leblond and A. W. Peet, JHEP, 0304, 048 (2003); N. Lambert, H. Liu and ]J. Maldacena,
JCAP 0703, 014 (2007) arXive :hep-th/0303139; C. J. Km. H. B. Kim. Y. B. Kim and O. K.
Kwon, JHEP, 0303, 008 (2003); D. A. Steer and F. Vernizzi, Phys. Rev. , D 70 043527 (2004).

www.intechopen.com



116 Advances in Modern Cosmology

[25] M. R. Setare,Phys. Lett. B 654, 1 (2007).

[26] M. R. Setare, Phys. Lett. B 648, 329 (2007).

[27] B.C. Paul, P. S. Thakur and S. Ghose, arXive:0809.3491.
[28] Y.S. Myung, Phys. Lett. B 652, 223 (2007).

www.intechopen.com



ll[]'d'ﬁh'l'._il iN o i
MODERN COSMOLOGY

[med Ly Adnan Gheibd Yiw

Advances in Modern Cosmology
Edited by Dr. Adnan Ghribi

ISBN 978-953-307-423-8

Hard cover, 198 pages

Publisher InTech

Published online 29, August, 2011
Published in print edition August, 2011

The twentieth century elevated our understanding of the Universe from its early stages to what it is today and
what is to become of it. Cosmology is the weapon that utilizes all the scientific tools that we have created to
feel less lost in the immensity of our Universe. The standard model is the theory that explains the best what we
observe. Even with all the successes that this theory had, two main questions are still to be answered: What is
the nature of dark matter and dark energy? This book attempts to understand these questions while giving
some of the most promising advances in modern cosmology.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

B. C. Paul (2011). Holographic Dark Energy Model with Chaplygin Gas, Advances in Modern Cosmology, Dr.
Adnan Ghribi (Ed.), ISBN: 978-953-307-423-8, InTech, Available from:
http://www.intechopen.com/books/advances-in-modern-cosmology/holographic-dark-energy-model-with-

chaplygin-gas

INTECH

open science | open minds

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai

No.65, Yan An Road (West), Shanghai, 200040, China

RE _EEHIELFERKR65S _EiBEPRRERIRIE M AR4052TT
Phone: +86-21-62489820

Fax: +86-21-62489821



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




