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Abstract: In this work It is discussed the behaviour of holographic dark energy density in higher dimension. Exact solutions of 
Einstein’s field equation have been obtained by assuming a particular relation between two metric coefficients. It is also observed that 
for a certain condition Universe is accelerating and holographic dark energy density decreases during evolution of the Universe. Some 
physical parameters are also discussed.  
 
1. Introduction 
 
A recent cosmological observation indicates that the present 
universe is undergoing an accelerated expansion. This 
acceleration of the universe a well established fact that is 
confirmed by various independent observational data 
including SNIa, CMB radiation etc. However this discovery 
can be maintained in general relativity by introducing a 
mysterious kind of energy source called the dark energy that 
can generate repulsive gravity [1, 2]. It is well known that 
perfect fluid with a constant equation of state (EOS) 

parameter lower than 3
1− . For solution of the Einstein’s 

field equation one can seek by introducing by some 
kinematical ansatz that are consistent with the observation 
kinematics of the universe and may investigate the dynamics 
of the fluid as a possible candidate of the DE. Astronomical 
observations indicate that our universe currently consists of 
approximately %70 dark energy, %25 dark matter and 

%5 baryonic matter and radiation.  
  
Holographic dark energy is the nature of DE can also be 
studied according to some basic quantum. Gravitational 
principle. According to this principle [3], the degrees of 
freedom in a bounded system should be finite and does not 
scale by it volume but with its boundary era. Here Λρ is the 
vacuum energy density. Using this idea in cosmology we 
take Λρ as DE density. The holographic principle is 
considered as another alternative to the solution of DE 
problem. This principle was first considered by G. ’t Hooft 
[4] in the context of black hole physics. In the context of 
dark energy problem though the holographic principle 
proposes a relation between the holographic dark energy 
density Λρ and the Hubble parameter H as 2H=Λρ , it 
does not contribute to the present accelerated expansion of 
the universe. In [5], Granda and Olivers proposed a 
holographic density of the form HH βαρ +≈Λ

2 , where 
H is the Hubble parameter and ,α β are constants which 
must satisfy the conditions imposed by the current 
observational data.  
 
2. Metric and Field Equation 
 
We consider the spatially flat, homogeneous and anisotropic 
universe in five-dimensional FRW metric 

( )[ ] 2222222222 )(sin)( dytbddrdrtadtds ++++−= φθθ
 (1)  

Where )(ta and )(tb represent scale factor of four-
dimensional space time and extra dimension respectively. r
is the radial component, ( )φθ , are the two angular 
component.  
Einstein’s field equation is given by 
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The energy momentum tensor for matter and the holographic 
dark energy are defined as 

jimij uuT ρ=                                       (3) 
And,  
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Where mρ , Λρ are energy densities of matter and 

holographic dark energy and Λp is the pressure of 
holographic dark energy.  
Field equations are 
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For the metric (1) we have the following form 
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The holographic dark energy density are given by 
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The continuity equation can be obtained as 
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The continuity equation of the matter is  
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The continuity equation of the holographic dark energy is 
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The barotropic equation of state 

ΛΛΛ = ρωp                                    (16) 
 
3. Solution of Field Equation:  
 
There are four equation (5)-(7) and (16) with five unknown 

,a ,b ,mρ ,Λρ and .Λp Therefore to solve the field 
equation we need one condition. Let us assume a relation 
between two metric coefficients,  

nKab =                                         (17) 
Where K and n are constant.  
Using (17) in (5)-(7), we get 
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From equation (19) and (20) we get 
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Where 1K and 2K are integration constant.  
Using (17) and (21) 
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Using (21) and (22) in (8)  
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Using (23) in (11) 
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Using (12), (17) and (16) in (15), we obtain 
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From equation (20) and (21) 
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From (12) and (24)  
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From equation (14) 
4
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4. Some Physical Parameter of The Model 
 
The Physical and kinematical properties of the model have 
the following expressions:  

( )21
434 )( KtKKbaRV +===             (29) 

( )21

1

KtK
K
+

=θ                                 (30) 

( )221
2

2
12

)3(3
)3(
KtKn

nnK
++

−
=σ                       (31) 

The matter density parameter mΩ and holographic dark 

energy density parameter ΛΩ are given by 
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From equation (5) 
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Equation (34) shows that the sum of energy density 
parameter constant. I, e the present universe is isotropic. 
This is due to dark energy, which is found to be similar 
result by pradhan et al [37].  
Equation (12) and (24) give  
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Since recent observational data indicates that the universe is 
accelerating, So n must be lies between 3− and 0 .  
 
From equation (21), we have observed that 3−>n . And 
(22) gives n must be less than zero. So we have a condition 

30 −>> n for accelerating universe.  
 
5. Discussion 
 
The following result are obtained- 
(i) For 30 −>> n , the cosmological model represents an 

accelerating universe (i, e a increase and b  decrease).  
(ii) From equation (35), it is observed that the holographic 

dark energy density decreases with the evolution of the 
universe. And βα ≠ .  

(iii) From equation (34) shows that present universe is 
isotropic.  

(iv) Under certain condition the solutions describes the 
accelerated expansion of the universe.  

(v) The EOS parameter of the holographic dark energy also 
behaves like quintessence EOS.  
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(vi) Observational data also suggest that the dark energy is 
responsible for gearing up the universe some five billion 
years ago.  

(vii) From Fig-1 we observed that constant 1K must be 
positive.  
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Figure 1: The plot of Hubble parameter and time. 

 
Figure 2: The plot of Hubble parameter and holographic 

dark energy density 
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