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Abstract. This paper deals with the study of Bianchi type-I metric in the pres-
ence of dark energy with the help of f(R,T) theory. We investigated the solu-
tions of Bianchi type-I metric by using constant deceleration parameter, which
is obtained from the special law of variation of Hubble’s parameter. We also
discussed the physical behavior of the solutions by using some physical param-
eters.
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1 Introduction

From the previous study we have seen that various modified theories of gravity
have been evolved in the view of accelerated expansion of the Universe and the
presence of dark energy and dark matter in the Universe. Some of the observa-
tional studies [1-6] show that our universe is expanding as well as accelerating.
Refs. [1,5] show that Supernova 1A could became a responsible factor to initi-
ate the concept of accelerated expansion of the Universe. Wilkinson Microwave
Anisotropy Probe (WMAP) in the Cosmic Microwave Background (CMB) radi-
ation [7,8] and large scale structure [9] also determines the indirect proof for the
accelerated expanding Universe. But we still could not get the exact and correct
solution for this subject. So, many of the researchers are trying to probe this
problem with the help of a tool called dark energy. Why do we use this tool?
Because, the dark energy is a kind of force with negative pressure, which is re-
sponsible for the accelerated expansion of the Universe. So now a days, probing
and getting into the detail of the origin and nature of dark energy is an highly
interesting and exciting topic. Roughly it is seen that 68% of the Universe is
dark energy, 27% is dark matter and the rest 5% is the normal matter.

Dark energy is well classified in various types like Quintessence [10], phantom
field [11, 12], quintom [13], K-essence [14], Chaplygin gas [15, 16], etc. Katore
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and Shaikh [17] have obtained exact plane symmetric dark energy cosmological
model with variable EoS parameter in scalar tensor theory of gravitation. Pawar
and Solanke [18-20] explored the solutions of Exact Kantowski-Sach cosmo-
logical models in the Brans Dicke Theory of gravitation in the presence of dark
energy, Bianchi type IX cosmological model with magnetized anisotropic dark
energy in Barber’s self-creation theory, a magnetized dark energy Bianchi type
VIO space-time with time dependent cosmological term in the framework of
Lyra geometry. V.R. Chirde et al. [21] have presented a class of solutions of
Barber field equations describing two fluid Universe for the new class of Bianchi
type model. Tade and Sambhe [22] have considered a self consistent system of
Bianchi Type-I cosmology and binary mixture of perfect fluid and dark energy
and investigated the exact solutions of corresponding field equations. K.S. Ad-
hav et al. [23] discussed the anisotropic nature of the dark energy for Bianchi
type- VIO space time.

Some examples of modified theories of gravity are f(R), f(T'), f(G), etc. f(R)
theory includes an explicit coupling of an arbitrary function of the Ricci scalar
R with the matter Lagrangian density L,,. Presence of late time cosmic ac-
celeration of the Universe is discussed by f(R) gravity in [24]. Nojiri and
Odintsov [25], Multamaki and Vilja [26] and Shamir [27] are some authors who
have developed several aspects of f(R) gravity models. The f(T') theory of
gravity (here T is the torsion scalar) is generalised version of the parallel gravity,
in which Levi-Civita connection is replaced by Weitzenbock connection. This
theory explains the acceleration of the Universe without any involvement of the
dark energy.

Recently Harko et al. [28] have developed another extension of modified theo-
ries of gravity, i.e. f(R,T) theory. In this theory the gravitational Lagrangian
is given by an arbitrary function of the scalar curvature IR and the trace of the
energy momentum tensor 7. The f(R,T') gravity is the generalisation of the
f(R) and f(T') theories. In this theory the dependence from 7' may be gen-
erated by exotic imperfect fluids. The f(R,T") gravity model represents the
variation of the matter stress-energy tensor with respect to the metric and it de-
pends on the source term. The expression of this source term is a function of
the matter Lagrangian L,,. Hence each choice of L,,, would induce a specific
set of field equations. Reddy et al., S. Chandel and S. Ram [29, 30] have inves-
tigated a Bianchi Type-III cosmological model in the presence of a perfect fluid
in f(R,T) gravity. Pawar and Solanke [31] have studied cosmological model
filled with perfect fluid source in f(R,T') theory. Pawar and Agrawal [32] have
obtained the solutions of dark energy cosmological model in the framework of
the f(R,T) theory of gravity. Recently, Pawar et al. [33] have explored two
fluid cosmological models in f(R,T') theory.

Motivated by the above work, here we studied Bianchi type-I Cosmological
model in the presence of dark energy in the framework of f(R,T') theory. To
obtain exact solutions of Einstein’s field equations we assumed the special law
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of variation of Hubble’s parameter which yields constant deceleration parame-
ter. The paper is organised as follows. Section II: Metric and field equations.
Section III: Solutions of the field equations. Section IV: Physical properties of
the model. Section IV: Discussion and Conclusion.

2 Metric and Field Equations
Bianchi type-I space time [34,35]

dt\ >
d:c2+dy2+(1+6/a3> sz] (1)

Where ‘a’ is a function of cosmic time ‘¢” and f3 is a positive constant.

ds* = —dt* + a*(t)

The energy momentum tensor for dark energy is given by
sz = dzag[,o, —Px; _pya _pz] = dlag[17 —Wyg, —’LUy, _wz]p, (2)

where p is the energy density of the fluid and p, p,, p. are the pressures along
x, y and 2z axes, respectively. w is the EoS parameter of the fluid and w,, w,,
w,, are the EoS parameters in the directions of z, y and z axes, respectively.

For the sake of simplicity we choose w, = wy, = w, = w.

Therefore the energy momentum can be parameterized as

Tij = diag[l, —w, —w, —w]p. 3)
Now varying the action
1

S = ﬁ/f(R, T)\/i—gd4x+/Lm\/fgd4:z: 4)

of the gravitational field with respect to the metric tensor components g;;, we
obtain the field equations of f(R,T) gravity model as in [28]

1
fr(R, T)R;j — §f(R7 T)gij + (9:;0 — i) fr(R, T)
= 87TT1“7‘ — fT(R, T)T” — fT(R, T)@ij s (5)

where
- —20(V=g)
T = V/—90g" L
Of(R, T Of(R, T 6
futr 1y = D) gy <O ©
O=v'vu,
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where 17, is the covariant derivative and T;; is the standard matter energy-
momentum tensor derived from Lagrangian L,,

Here f(R,T) is an arbitrary function of the Ricci scalar R and of the trace T" of
the stress energy tensor of matter 7T;; and L., is the matter Lagrangian density.

Now assuming that the function f(R,T) given by Harko et al. [28]
f(R,T)=R+2f(T), ™

where f(T') is an arbitrary function of trace of the stress energy tensor of matter
and using equation (5), we get the gravitational field equations in this case as

1
Gij = Rij - §Rgl‘j = 87TTij + 2f/(T)Tij + [2pf/(T) + f(T)]gij , ®)

where the prime indicates the differentiation with respect to the argument. We
choose
f(T) = AT, ©)

where ) is a constant (Harko et al. [22]).

Now assuming commoving coordinate system, the field equations (8) for the
metric (1) with the help of (3), (7) and (9) can be written as

. 2 .
(a) 49 <“> (ST 43\ p+ Ao (10)
a a
; (d)2+ N L)
a at[1+ 8 [ %]

3 Solutions of the Field Equations

We have system of two field equations with three unknowns. Hence, we can use
one physical condition to solve system completely.

Assume the special law of variation of Hubble’s parameter proposed by
Bermann, which yields the constant deceleration parameter given by the rela-
tion

RR
CR?
The sign of constant deceleration parameter is negative, as Universe is supposed
to be accelerating.

q= 12)

Ineq. (12) R is the average scale factor. From eq. (1) of given metric, R is given

by
R:[a?’ (1+5/2’§)r (13)
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From equations (12) and (13), we get
R=(ct+d)Ta, q#-1, (14)

where ¢ # 0, d are the constants of integrations.

Comparing equations (13) and (14), we get

o= T(ﬁz)emT(%) (15)
and Vs
(1+,8/d§) _ emomr(¥7) (16)
a
where
T=(ct+d) = R=1(r), (17
1
me D a#2. as)

Using equations (15) and (16) in metric (1), we get

(59), 0 o
(dz* + dy~)

(77

ds? = —dT? + T(Ha) 2T

4 (57) (—Am) Tt g2 (19)

Now putting the values of equations (15) and (16) in (10) and (11) and solving,
we get the values of energy density (p) and pressure (p) as follows:

B 1 —AP(1-2q) AP N [ c B }

P aNI N | TE(1 9 s T(1+q) 377
¢ B B(167 + 6A)
X[(247T+9>\)(T(1+q)_3T%>+ — }} (20)

B 1 (1 -2q) B2 A

P= T 830 ) T+ )22 375 (87 + 302 — A7
—Ac2(1 —2q) 32 c B
" { T°(+q? 31 [T(l +q) 3T%«} (2m+ 9%

: (T(lc+ Q) 3Tﬂliq) " 6(1(;7:;: GA)} }} @h
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4 Some Physical Parameters

Equation (19) shows dark energy LRS Bianchi Type I cosmological model of the
Universe in the framework of f (R, T) theory of gravity. Now we will discuss the
physical properties of this model with the help of following physical parameters.

The directional Hubble’s parameters H, = H,, H of the model are given by

c 1 m(qg— 2)]
H,=H,= =4+ —— (22)
Y (1+Q) {T T(liq)
and L om2—q)
c m(2 —q
H, = — 4+ — 27| 23
o lr e ] @y
Equations (22) and (23) give the mean generalized Hubble parameter H as
c
H=——. 24
T(1+q) 24)
The scalar expansion 6 of the model is
3c
0= ———. 25
T(1+gq) 23)

The anisotropy parameter of the model is given by

2m?(q — 2)?
A= PTeE (26)
T( (I+a) )
The shear scalar of the model is
3 2,,2 -9 2
o? = 3emla— 27 @7

(q+ 12T
5 Discussion and Conclusion

In the present paper, we studied Bianchi type-I metric in f (R, T') theory of grav-
ity and obtained the gravitational field equations corresponding to this model. To
solve the field equations we consider the special law of variation of Hubble’s pa-
rameter, which yields constant deceleration parameter. Physical behavior of the
model is discussed as follows:

e The directional Hubble parameters, the mean generalised Hubble param-
eter H, the shear scalar o, and the expansion scalar § — all these param-
eters are functions of the cosmic time 7'. These parameters are infinite at
the initial stage (1" = 0), decrease with time 7', and vanish for large value
of T (T — o0)
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o The energy density p and the pressure p are found to be functions of cos-

mic time (7). As time 7 tends to infinity, these parameters tends to zero
and becomes infinte at 7" = 0. The volume scale factor V' is a function of
the cosmic time 7', it is constant at 7' = 0 and increases with time 7". Thus
we can conclude that our Universe starts expansion with finite volume and
it is expanding continuously from infinite past.

The anisotropy parameter A is also a function of cosmic time 7', tends to
oo as T — 0, and vanishes at T = oo. The isotropy condition (o2 /6 —
0 as T' — oo) is satisfied. This derived model can help researcher to
understand the structure of the Universe at the early stages of evolution as
the observations of SN Ia show that the present Universe is accelerating.

References

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]
(10]
(1]
(12]
[13]
(14]
[15]
[16]
(17]
(18]
[19]

[20]
(21]
(22]
(23]

[24]
[25]
[26]
(27]

154

S. Perlmutter et al. (1999) Astrophys. J. 517 565.

P. de Bernadis et al. (2000) Nature 404 955.

P.J.E. Peebels, B. Ratra (2003) Rev. Mod. Phys. 75 559.

T. Padmanabhan (2003) Phys. Rep. 380 235.

A.G. Riess et al. (1998) Astron. J. 116 1009.

S. Hanany et al. (2000) Astrophys. J. 545 LS.

D.N. Spergel et al. (2003) Astrophys. J. Suppl. Ser. 148 175.

S. Oli (2012) Indian J. Phys. 86 755.

M. Tegmark (2004) Phys. Rev. D 69 103501.

C. Wetterich (1988) Nucl. Phys. B 302 668.

R.R. Caldwell (2002) Phys. Lett. B 545 23.

S. Nojiri, S.D. Odintsov (2003) Phys. Lett. B 562 147.

E. Elizalde, S. Nojiri, S.D. Odintsov (2004) Phys. Rev. D 70 043539.
T. Chiba, T. Okabe, M. Yamaguchi (2000) Phys. Rev. D 62 023511.
C. Avelino et al. (2003) Phys. Rev. D 67 023511.

N. Bilinc, G.B. Tupper, R. Viollier (2002) Phys. Lett. B 535 17.
S.D. Katore, A.Y. Shaikh (2012) Bulg. J. Phys. 39 241-247.

D.D. Pawar, Y.S. Solanke (2014) Int. J. Theor. Phys. 53 3052-3065.

D.D. Pawar, Y.S. Solanke (2014) Adv. High Energy Phys. Volume 2014, Article ID
859638.

D.D. Pawar, Y.S. Solanke, S.P. Shahare (2014) Bulg. J. Phys. 41 60-69.
V.R. Chirde, S.H. Shaikh, P.N. Rahate (2014) Prespacetime J. 5§ 894-904.
S.D. Tade, M.M. Sambhe (2012) Astrophys. Space Sci. 338 179-185.

K.S. Adhav, A.S. Bansod, S.L. Munde, R.G. Nakwal (2011) Astrophys. Space Sci.
332 497-502.

S.M. Caroll, V. Duvvuri, M. Trodden, M.S. Turner (2004) Phys. Rev. D 70 043528.
S. Nojiri, S.D. Odintsov (2007) Int. J. Geom. Methods Mod. Phys. 4 115.

T. Multamaki, I. Vilja (2006) Phys. Rev. D 74 064022.

M.E. Shamir (2010) Astrophys. Space Sci. 330 183.



Role of Constant Deceleration Parameter in Cosmological Model Filled with...

(28]
(29]
(30]
(31]
(32]
(33]
[34]
(35]

T. Harko, F.S.N. Lobo, S. Nojiri, S.D. Odintsov (2011) Phys. Rev. D 84 024020.
D.R.K. Reddy et al. (2002) Astrophys. Space Sci. 342 240.

S. Chandel, S. Ram (2013) Indian J. Phys. 87 1283-1287.

D.D. Pawar, Y.S. Solanke (2015) Turk. J. Phys. 39 54-59.

D.D. Pawar, P.K. Agrawal (2015) Prespacetime J. 6 719-732.

D.D. Pawar, V.J. Dagwal, P.K. Agrawal (2016) Malaya J. Mat. 4 111-118.
Abdussattar, S.R. Prajapati (2011) Astrophys. Space Sci. 332 455-461.

D.D. Pawar, V.J. Dagwal (2014) Int. J. Theor. Phys. 53 2441-2450.

155



