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Abstract:- In this paper, we have investigated spatially homogeneous anisotropic Bianchi type-V  universe filled with two 

minimally interacting fields, matter and holographic dark energy components in scalar-tensor theory of gravitation formulated by 

Saez and Ballester (Phys. Lett.A 113; 467, 1986). Exact solutions of field equations are obtained using the fact that scalar 

expansion is proportional to the shear scalar and constant deceleration parameter. Some physical and kinematical properties of the 

model are also discussed. 

 

Keywords:- Bianchi type-V  universe. Deceleration parameter. Holographic dark energy. Scalar-tensor theory. 

 

1.Introduction:- 

Recent observational data of modern cosmology based on various measurements reveals that our universe is experiencing 

transition from early inflation to the late time acceleration ( Reiss[1], Perlmutter, et al. [2] ). The main source responsible for this 

acceleration is supposed to be ‘dark energy’. The concept of dark energy refers to a kind of exotic energy with negative pressure 

whose origin still remains a mystery. However, it is now believed that the universe consists of 76% dark energy, 20% dark matter 

and 4% ordinary matter. Two distinct approaches have been suggested to explain cosmic acceleration. The first approach deals 

with modifying Einstein gravity where in additional energy component is introduced to explain the concept of dark energy. In this 

approach a number of alternative models have been proposed but so far no suitable candidate is found. The other approach is to 

modify the Einstein Lagrangian by replacing the scalar curvature by a function of R  known as )(Rf gravity (Nojini,et al. [3] ). 

Other modified theories are ),( TRf  gravity (Harko [4]), Brans – Dicke ([5]) and Saez – Ballester ([6]) scalar – tensor theories 

of gravity. 

Recent observation of the luminosity of type Ia supernovae indicate (Bachall et al. [7]; Perlmutter et al. [8]) an accelerated 

expansion of the universe and the surveys of clusters of galaxies show that the density of matter is very much less than the critical 

density. This observation leads to a new type of matter which violate the strong energy condition i.e., 02  p . The matter 

(fluid) content responsible for such a condition to be satisfied at a certain stage of evaluation of the universe is referred to as dark 

energy (Sahni and Starobinsky [9]; Peebles and Ratra [10]; Padmanabhan [11]; Copeland et al. [12]). This mysterious fluid is 

believed to dominate over the matter content of the Universe by 70% and to have enough negative pressure as to drive present day 

acceleration. Most of the dark energy models involve one or more scalar fields with various actions and with or without a scalar 

field potential (Maor and Brustein [13]; Cardenas and Campo[14]; Ferreira and Joyce [15]). 

In recent years, there has been a considerable interest in holographic dark energy models because of the fact that holographic dark 

energy is an emerging model as a candidate of dark energy constructed by holographic principle (Guberina et al. [16]). It is 

argued that this model may solve the cosmological constant problem and some other issues. Using the holographic principle of 

quantum gravity theory (Susskind [17]) a viable holographic dark energy model was constructed by Li [18]. The holographic dark 

energy model is successful in explaining the observational data and has been, widely studied by several authors. Cohen et al. [19], 

Horova and Minic ([20]), Thomas ([21]), Hsu ([22]) are some of the authors who have investigated several aspects of holographic 

dark energy. 

In particular, Setare ([23]) studied holographic dark energy model in Brans – Dicke theory. Sheykhi ([24]) studied interacting 

holographic dark energy models in Brans-Dicke (1961) theory of gravitation. Setare and Vanegas ([25]) have discussed the 

cosmological dynamics of interacting holographic dark energy model. Sarkar and Mahanta [26] have investigated holographic 

dark energy in Bianchi type- I  space – time with constant deceleration parameter.  Das and Mammon ([27]) studied holographic 

dark energy models in Brans-Dicke (1961) theory of gravitation. Sarkar ([28]) has discussed the evolution of holographic dark 

energy model in Bianchi type – I  universe with linearly varying deceleration parameter and established a correspondence with 

generalized Chapligin gas models of the universe. Also holographic scalar field dark energy models are studied by many authors. 

For instance, Very recently Kiran et al. ([29], [30]) studied minimally interacting holographic dark energy models in Bianchi 

type-V  space time in the scalar-tensor theories of gravitation proposed by Brans and Dicke (1961) and Saez and Ballester (1986). 
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Motivated by the above discussions and investigations, in this paper, we propose Bianchi type-V   cosmological model for 

minimally interacting holographic dark energy in Seaz-Ballester theory of gravitation. The plan of the paper is follows. In section 

2, we established the Seaz-Ballester field equations with the help of Bianchi type-V  metric in the presence of matter and 

holographic dark energy. In section 3, we obtained the solution of the field equations. In section 4, we discuss some important 

properties of our model for both cases. Some discussions and conclusions are presented in the last section. 

2. Metric and field equations: 

We consider the Bianchi type-V  space time described by the metric 

     
2222222222 dzeCdyeBdxAdtds xx  

          
 (1) 

where A , B , C  are functions of cosmic time t  only. 

Saez-Ballester (1986) field equations for the combined scalar and tensor fields are  
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and the scalar field   satisfies the equation  
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where ijR  is the Ricci tensor, R  is the Ricci scalar,  and n  are arbitrary dimensionless constants and 18  cG  in the 

relativistic units. 

The energy momentum tensor for matter and the holographic dark energy are defined as  

     
jimij uuT 
              

(4) 

and             pguupT ijjiij 
                      

    (5)  

where  ,m  are the energy densities of matter and the holographic dark energy and p  is the pressure of the holographic dark 

energy. 

Also, the energy conservation equation is 
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In a commoving coordinate system, the field equations (2) and (3) for the metric (1) with the help of Eqns.(4) and (5) can be, 

explicitly, written as  
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where an overhead dot indicates differentiation with respect to t.  

The energy conservation equation gives  
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(13) 

Here we are considering the minimally interacting matter and holographic dark energy components. Hence both the components 

conserve separately, so that we have (Sarkar 2014) 
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Where  p  is barotropic equation of state parameter for holographic dark energy. 

The expression for physical and general parameters to be used in solving Saez-Ballester field equations for the metric (1) are as 

the follows: 

The average scale factor )(ta  is given by  

  3

1

)( ABCta 
                                   

(16) 

The spatial volume V  is given by 

 ABCaV  3
                                    (17) 

The directional Hubble parameter, respectively, are  
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The average Hubble parameter is  
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The dynamical scalar expansion   for the space time given by Eq. (1) and the shear scalar 
2  are  
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(21) 

The average anisotropy parameter is  
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where )3,2,1( iH i  represent the directional Hubble parameters. 

3. Solutions of Field equations:  

Integration of Eq. (10) yields 

 kBCA 2
                                     (23) 

where k  is a constant of integration which can be taken as unity without any loss of generality. So that we have  

 BCA 2

                                       (24) 

To find determinate solutions we use the following conditions: 

(i) The scalar expansion   is proportional to shear scalar 
2  so that we have (Collins et al. 1980). 

        

mCB                                         (25) 

where 1m  is a positive constant and preserves the anisotropy of the space-time. 

(ii) According to Thorne [31], the observations of the velocity red-shift relation for extragalactic sources suggest that Hubble 

expansion of the universe is isotropic within about 30% range approximately ( Kantowski and Sachs [32], Kristian and sachs [33] 

) and red-shift studies place the limit 3.0
H


,
 on the ratio  of shear   to Hubble H in the neighborhood of our galaxy today. 

Collin [34] discussed the physical significance of this condition for perfect fluid and barotropic EoS in a more general case. In 

many papers (Sarif Zubair [35], Yadav and Yadav [36]), this condition is proposed to find the exact solutions of cosmological 

models.  
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Since the line element (1) is completely characterized by Hubble’s parameter H . Let us consider that mean Hubble parameter 

H is related to average scale factor a  by following relation  

                     
sakH  1                                   

(26) 

Where 01 k and 0s  are constant.

 
The deceleration parameter is defined by as  
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From equations (26) and (27), we get 
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Using equations (27), (28) and (29), we get 

                    1 sq
                                              

(30) 

The signs of q indicates whether the model inflates or not. The positive signs of q corresponds to standard decelerating model 

where as the negative signs of indicates inflation. 

From equation (27), we obtain the law of average scale factor a as 
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Where 
1c and 2c  are the constant of integration. 

From equation (30), for 0s , it is clear that the condition for expansion of universe is 0s  i.e. 01 q . Therefore for 

expansion model of universe the deceleration parameter q  should be greater than -1. 

3.1 Case (i): when 0s  

Then   
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(32) 

Now, using Eqs. (16), (24), (25) and (32) we get the expressions for the metric coefficients as         
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From equation (12) and (32) we get  
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Using Eq. (33), (34) and (35) we can write the metric (1) in the form (after suitably choosing the integration constants, i.e. taking

0,1 1  cD ) 
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3.2 Case (ii): when 0s  

 Then   
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Taking 12 c  equation (38) becomes  
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Now, using  Eqs. (16), (24), (25) and (39) we get the expressions for the metric coefficients as     

                 
tk

eA 1                                   (40) 

        1

2 1

 m

tmk

eB                                     (41) 

                    
1

2 1

 m

tk

eC                                      (42) 

From equation (12) and (38) we get  
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Using Eq. (40), (41) and (42) we can write the metric (1) in the form               
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4. Physical discussion: 

4.1. Case (i): when 0s  

Eq. (37) represents minimally interacting Bianchi type-V  holographic dark energy model with  constant deceleration parameter 

in Saez-Ballester theory with the following physical and geometrical parameters . 

Spatial volume in the model is 

      stV
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The average Hubble parameter is  

      
ts

H
1



                                     

(46) 

The scalar expansion is 
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The average anisotropy parameter is  
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From Eqns. (7), (36), and (37) the holographic pressure in the model is  
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The energy density of dark matter is  
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The holographic energy density in the model is  

      

sss ttt
tms

mm
3

0

62222

2 1

2

3

)1(

)14(2 
 




                                (52) 

 
Data1- Holographic Pressure Vs Time,   Data2- Energy Density Vs Time 

Data3- Holographic Energy Density Vs Time 

Now by using barotropic equation of state parameter for holographic dark energy, eqns (50) and (51) we get the equation of state 

of parameter (EoS) as 
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which shows that   is a function of cosmic time  t only. 

The coincidence parameter is  
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(54) 

The matter density parameter m  and holographic energy density parameter   are given by 
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Using barotropic equation of state parameter for holographic dark energy, (51), (52) and (55) we get the overall density parameter 

as  
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The cosmic jerk parameter is dimension less third order derivative of the scale factor with respect to the cosmic time defined as  
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4.2. Case (ii): when 0s  

Eq. (44) represents minimally interacting Bianchi type-V  holographic dark energy model with  constant deceleration parameter 

in Saez-Ballester theory with the following physical and geometrical parameters . 

Spatial volume in the model is 
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The average Hubble parameter is  
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The scalar expansion is 
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The average anisotropy parameter is  
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From Eqns. (7), (43), and (44) the holographic pressure in the model is  
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The energy density of dark matter is  
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The holographic energy density in the model is  
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 Data 1- Holographic Pressure Vs Time,   Data 2- Energy Density Vs Time 

Data 3- Holographic Energy Density Vs Time 

Now by using barotropic equation of state parameter for holographic dark energy, eqns (64) and (65) we get the equation of state 

of parameter (EoS) as 
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which shows that   is a function of cosmic time  t only. 

The coincidence parameter is  
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Using barotropic equation of state parameter for holographic dark energy, (55), (64) and (65) we get the overall density parameter 

as  
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The cosmic jerk parameter is dimension less third order derivative of the scale factor with respect to the cosmic time defined as  
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5. Conclusions:  

In this paper we have investigated spatially homogeneous and anisotropic Bianchi type-V  minimally interacting holographic 

dark energy models in the scalar-tensor theory of gravitation proposed by Saez and Ballester (1986). The present investigation 

will help for a better understanding of dark energy models in Saez-Ballester theory of gravitation. We have obtained the energy 

density of matter, holographic dark energy density, holographic pressure, equation of state (EoS) parameter, the scalar field in the 

model, total energy density in the universe discussed their physical behavior in each of the models. In both cases jerk parameter in 

the models are constant. It is observed that the average density parameter in the universe is function of t. Average anisotropic 

parameter 0mA   so our model is anisotropic except 1m . Thus the model presented here is anisotropic, shearing except 

1m . The spatial volume increases with time and the physical parameters decrease and ultimately tend to zero as T  . 

 

References: 

[1] Reiss, A.G: et al.: Astron.J. 116, 1009 (1998).  

[2] Perlmutter, S. et al.,:Astrophys. J., 517 (1999), 565-586. 

[3] Nojini,S; Odinstov, S.D.: Int.J.Geom.Methods. Mod. Phys. 4, 115 (2007).  

[4] Harko et al; : Phys. Rev. D 84, 024020 (2011).  

[5].Brans, C.H; Dicke, R.H. : Phys.Rev 124, 925 (1961). 

[6] Saez, D.; Ballester, V.J.:phys. Lett. A113 , 467(1986). 

[7] Bachall, N.A.,et al.,: Revealing the State of the Uni., Science, 284(1999),1481-1988. 

[8] Perlmutter, S:et al. Nature 391, 51 (1998). 

[9] Sahni, V., Starobinsky, A.A.: Int. J. Mod. Phys. D, 9 (2000), 373-443. 

[10] Peebles,P.J.E., Ratra, B.: Rev. Mod. Phys., 75 (2003), 559. 

[11] Padmanabhan, T.: Phys. Rep., 380 (2003), 235-320. 

[12] Copeland, E.J., Sami, M., Tsujikawa, S.,: Int. J. Mod. Phys. D,15 (2006), 1753-1935. 

[13] Maor, I., Brustein, R.: Phys. Rev. D, 67 (2003), 103508. 

[14] Cardenas, V.H., Campo, S.D. : Phys. Rev. D, 69 (2004), 083508. 

[15] Ferreira, P.G., Joyce, M.: Phys. Rev. D, 58 (1998), 023503. 

[16] Guberina, B., et al.: J. Cosmol. Astropart. 01, 012 (2007) 

[17] Susskind, L.: J. Math.Phys. 36, 6377 (1995). 

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

[19] Cohen, A.G., et al.: Phys. Rev. Lett. 82, 4971 (1999) 

[20] Horova, P., Minic, D.: Phys. Rev. Lett. 85, 1610 (2000) 

[21] Thomas, S.: Phys. Rev. Lett. 89, 081301 (2002) 

[22] Hsu. S.D.H.: Phys. Lett. B 594, 1 (2004) 

[23] Setare, M.R.: Phys. Lett. B 644, 99 (2007) 

[24] Sheykhi, A.: Physics Letters B, Volume 681, Issue 3, 2 Nov. 2009. 

[25] Setare, M.R., Vanegas, E.C.: Int. J. Mod. Phys. D 18, 147 (2009) 

[26] Sarkar, S; Mahanta, C.R.: Int. J. Theor. PhyS.  52, 1482 (2013). 

[27] Das, S., Mammon, A.A.: Astrophys. Space Sci. 351, 651 (2014) 

[28] Sarkar, S.: Astrophys. Space Sci. 349, 985 (2014) 

[29] Kiran,M.,  et al. :Astrophys. Space Sci.  354,577 (2014a) 

[30] Kiran,M.,  et al. :Astrophys. Space Sci. 356,407(2014b) 

[31] Throne K. S.: Astrophys. J. 148, 503 (1967). 

[32] Kantowski, R. and Sachs, R. K.: J. Math. Phys. 7, 433 (1966). 

[33] Kristian, J. and Sachs, R. K.: Astrophys. J. 143, 379 (1966). 

[34] Collins, C. B., Glass, E. N. and Wilkisons, D. A.: Gen. Rel. Grav. 12, 805 (1980). 

[35] Sharif,M. and Zubair,M.: Astrophys. Space Sci. 10509-010-0414-(2010). 

[36] Yadav , A. K. and Yadav, L. arXiv:1007.1411v2 [gr-qc] (2010). 

 

http://www.jetir.org/
https://www.sciencedirect.com/science/journal/03702693
https://www.sciencedirect.com/science/journal/03702693/681/3

