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ABSTRACT

We consider [ (R,T ) theory of gravity, where R is the curvature scalar and 7 is the trace of the energy momentum

tensor. Attention is attached to the special case, f(R,T)=R+2/(T) and two expressions are assumed for the func-
tion f(T), (alT” +bl)/<a2T” +b2) and a,In’ (b3T'”), where a,, a,, b, b,, n, a,, by, q and m are input

parameters. We observe that by adjusting suitably these input parameters, energy conditions can be satisfied. Moreover,
an analysis of the perturbations and stabilities of de Sitter solutions and power-law solutions is performed with the use
of the two models. The results show that for some values of the input parameters, for which energy conditions are satis-
fied, de Sitter solutions and power-law solutions may be stables.

Keywords: Modified Gravity; Energy Conditions; Cosmological Stability

1. Introduction

It is well known that General Relativity (GR) based on
the Einstein-Hilbert action (without taking into account
the dark energy) can not explain the acceleration of the
early and late universe. Therefore, GR does not describe
precisely gravity and it is quite reasonable to modify it in
order to get theories that admit ination and imitate the dark
energy. The first tentative in this way is substituting Ein-
stein-Hilbert term by an arbitrary function of the curvature
scalar R, this is the so-called f(R) theory of gravity.
This theory has been widely studied and interesting results
have been found [1,2]. In the same way, other alternative
theory of modified gravity has been introduced, the
so-called Gauss-Bonnet gravity, f(G), as a general func-
tion of the Gauss-Bonnet invariant term G [3]. Other
combinations of scalars are also used as the generalised
f(R,G)and f(R,P,Q) [4)5], where P=R, R" and
O=R, R"" (here R, and R, are the Ricci ten-
sor the Riemann tensor, respectively).

In this present paper, attention is attached to a type of
the so-called f(R,T) theory of gravity, where T
denotes the trace of the energy momentum tensor. This
generalization of f(R)gravity has been made first by
Harko et al. [6]. In [7], the cosmological reconstruction
of f(R,T) describing transition from matter domi-
nated phase to the late accelerated epoch of the universe
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is performed. Also in the same way for exploring cosmo-
logical scenarios based on this theory, f(R,T) func-
tion has been numerically reproduced according to holo-
graphic dark energy [8]. Moreover it is shown that dust
reproduces ACDM , phantom-non-phantom and the
phantom cosmology with f(R,T) theory [9]. The gen-
eral technique for performing this reproduction of
ACDM model in FRW’s metric cosmological evolution
is widely developed in [4,10]. The f(R,T) models that
are able to reproduce the fourth known types of future
finite-time singularities have been investigated [11].

Note that singularities appear when energy conditions
are violated. Our task in this paper is to check the viabil-
ity of some models of f(R,T) according to the energy
conditions. The energy conditions are formulated by the
use of the Raychaudhuri equation for expansion and is
based on the attractive character of the gravity. We refer
the readers to Refs. [12-17], where energy conditions are
widely analyzed for the cosmology settings, in f(R)
and f(G) gravities.

In this paper, we assume a special form of f(R,T),
thatis, f(R,T)=R+2f(T), the usual Einstein-Hilbert
term plus a 7 dependent function f (T ) . Two expres-
aT" +b

sions of f(T), PR
2 2

and a;In’ (b3T’") are in-

vestigated.
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In order to reach the acceptable cosmological models,
we analyse the perturbations and stabilities of de Sitter
solutions and power-laws solutions in the framework of
the special R+2f (T ) gravity, by using the two models
proposed in this work. We observe that for some values
of the input parameters, for both models, the stabilities of
de Sitter solutions and power-law solutions are realized
and compatibles with some energy conditions and the
late time acceleration of the universe.

The paper is outlined as follows. In Section 2, we
briefly present the general formalism of the theory, put-
ting out the general equations of motion for a
f(RT)=f,(R)+ fo(T) gravity, where f,(R) and
5 (T ) and are respectively function of the curvature
scalar and the trace of the energy momentum tensor. The
Section 3 is devoted to the general aspects of the energy
conditions. The f(R,T)=R+2f(T) gravity is as-
sumed in the Section 4, where the two functions considered
for f(T) are studied, putting out the conditions on the
input parameters for obtaining some viable models of
f (R,T ) The perturbations and stabilities of de Sitter and
power-law solutions are investigated in the Sections 5. Dis-
cussions and perspectives are presented in the Section 6.

2. General Formalism

Let us assume the modified gravity replacing the Ricci
scalar R in Einstein gravity by an arbitrary function
f(R,T), and writing the total action as

S:i]d“x\/%[f(ze,f)w], (1)

where x =8nG, G being the gravitational constant and
T=g,T" the trace of the matter energy momentum
tensor which is defined by
2 3(V-ss)
7’;[" e (2)
\/ _g 5g Huv
This modified gravity theory has been considered first
in [6] and the equations of motion, using the metric for-
malism, have been explicitly obtained as

1
ﬁRR/lV _Efi (R)g/l\/ +(g;sz_v,uvv)f1R
3
1
= Tyv +f‘2TT/u/ + fZTp+Ef‘2 gyv

3. Energy Conditions

The energy conditions are essentially based on the Ray-
chaudhuri equation that describes the behaviour of a
congruence of timelike, spacelike or lightlike curves. For
the purposes of this work we will just consider the time-
like and space-like curves for which the Raychaudhuri
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equation reads, respectively [18,19]
v 2 v v
R VYV +& [3+0,,0" —0,0" +d0/dr =0 (4)
v 2 v v
R, Kk +0’[2+0,,0" -0, 0" +d0/dA=0 (5)

where @ is the expansion scalar describing the expan-
sion of volume, 7and A are positive parameters used
to describe the curved of the congruence, o, the shear
tensor which measures the distortion of the volume, ,,
the vorticity tensor which measures the rotation of the
curves, and V* and k* are respectively timelike and
lightlike vectors tangent to the curves. In this work, we
are interested to the situation for small distortions of the
volume, without rotation, in such a way that the quadratic
terms in the Raychaudhuri equation may be disregarded
(they are like second order corrections). Then, the equa-
tion can be integrated given the scalar of expansion as a
function of the Ricci tensor:

0=—tR, V'V =-AR, k"k* (6)

The condition for attractive gravity is € <0, impos-
ing R, V*V" and R, k“k". These two conditions are
called the strong and null energy conditions, respectively.

For equivalence to GR, by just dividing by f,(R)
(different from zero), one can cast Equation (3) in the
following form

R, ~>Re, =T/ ™)

where the effective energy momentum tensor 7, :ff is
defined by

T;j;f :%{Tyv +f2TTyv _(gyvm_vyvv)fm}
1R | (8)
+_[2fzrp+fz + £ _Rflk]g,ﬂ

2fix

Thus, the null energy condition for the effective per-
fect fluid reduces to

Py TPy 20 )
For the strong energy conditions, one has
Py + Py 205 oy +3py 20. (10)

The weak energy condition for the effective perfect
fluid reads

Py 20, (pe/]'+pcf[f’)20’ (1
and the the dominant energy condition results in
Py 20, Pyt Py 20, py—py20.  (12)

Therefore, the energy conditions, as known in GR, can
also be applied in this modified theory of gravity by sub-
stituting the ordinary energy density p and pressure p in
GR by the effective ones, p,, and p, .
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132 F. G. ALVARENGA ET AL.

In what follows, we will consider models of type
f(RT)=R+2f(T), ie., the usual Einstein-Hilbert
term plus trace depending term 2/ (T'). This amounts to
consider f;(R)=R and f,(T)=2f(T). The factor 2
is used just for letting the field equations more easier to
be treated. We will also assume that the ordinary content
of the universe is pressureless and satisfies the energy
conditions (just p,; >0).

4. Testing Some f(R,T)=R+2f(T)
Models from Energy Conditions

In this section we will present the conditions required on
p and the algebraic function f (T ) for realizing each
type of energy conditions. For this end, we first need to
establish the respective expression of the effective energy
density p,, and effective pressure p,, . According to
the assumptions made at the end of the previous section,
Equation (7) becomes

1
R,uv _ERg,uv :Tuv+2fTT/1v+fg/4v' (13)

Considering the at FRW space-time described by the
metric

ds* =dt* —a’ (t)dx2 (14)

where a(?) is the scale factor. The 00 and ii components

of (22) can be written as

3H? = p,; (15)
-2H-3H’=p,,, (16)

where the effective energy density and pressure are de-
fined as

Py =P+2pf(T)+ f(T), (17)
Py =—S(T). (18)

By using the above expressions of the effective energy
density and pressure, we get the null energy condition
(NEC), the weak energy condition (WEC), the strong
energy condition (SEC) and the dominant energy condi-
tion (DEC) by

NEC: p,; +p, =p[1+2/(T)]20; (19)
WEC: p, =p+2pfr+/20, py+p,;20; (20)
SEC: p,; +3py = p+2pf; —2f 20,

P+ Py = 0;
DEC:p,; —py=p+2pfr +2f 20,

Py + Py 20,05 20

21

(22)

and b, is assumed to be positive and non-null. This
form is chosen due to its interesting aspect, in curing the
big rip [11].

Copyright © 2013 SciRes.

n

4.1. Studing the Case f(T)= M

aT"+b,
Our task here is to put out the constraints on the input
parameters in order to geta R+2f(T) type model that
satisfies the energy conditions. According to the sign of
the parameter n, and assuming that a, and b, cannot
be identically null, the model can be cast into two differ-
ent forms. In fact, for the late time stage of the universe,
by dividing the parameters of the model by a,(n>0)
and b,(n<0), one gets respectively the models

Ap" +B Ap" +A
F(p)="2 B ana p(p)= 2210

, where the
+B, A,p" +1

. . . a
cosmological constant is characterized by -~ (for
a,

n>0). and 2L (for n<0), and A4=4 4=-2
b2 b2 2

B, _h and B, :b—z. In this case, the model which
a, a,

initially was four parameters dependent, under the cos-
mological constraints, becomes three parameters de-
pendent, A,B, and B, for n>0, and A, 4, and
4, for n<0. Since the cosmological constant is known
[14], the model turns into two parameters dependent.

The first derivative of f(7) with respect to T (or
the derivative of f ( p) with respect to p ) reads

1, (p)=n(AB,~B)p" [(p" +B,) .n>0,

i (23)
£, (p)=n(4 —AAZ)p"_l/(Azp” +1) ,n<0

4.1.1. The NEC

Since we have assumed that the ordinary content of the

universe satisfies all the energy conditions, the condition

(19) reduces to 1+2/,(T)=0, (or 1/2+ f,(p)>0).

One can calculate 1/2+f,(p)>0 as

2np"" (AB, - B,)+ (p" +B, )2

,n>0, (24)
2(p"+B,) "

fp+l/2:

2np" (4 - 4,A)+ (4" +1)

f,+12= ,n<0, (25)

2(d,p" +1)

whose the sign can just be characterized by that of the
numerator, since the denominator is always positive. If
we take the numerator as a function of the ordinary en-
ergy density p and the input parameters, we just need
to analyze the sign of this latter. The evident conditions
for which the numerator is positive are presented as fol-
lows:
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*

B >0, B,>0, B//B,<A for n>0,
4,>0, 4,>0, B/B,>A for n<0,

B <0, B,<0,for n>0,

* 4,<0, 4,>0,for n<0.

Indeed, the above conditions lead to the positivity

2np" " (AB, - B,)>0for n>0

* ¥

and
2np" " (4 - A4,A)>0 for n<0.

Observe that there are still situations in which the
above quantities are negative but the numerators in (25)
continuing positive, i.e.,

* A4 >AA and [2np" (4 - 4A)|<
for n<0,

* AB,<B and [2np"'(AB,-B)<
for n>0.

In these cases, one can plot the function in terms of
two of the parameters, fixing the other. Despite knowing
the sign of the considered parameters with what respect
the function may be plotted, the important here is their
rank, i.e. the interval to which they must belong in order
to produce the positivity of the function. Some examples
are presented in Figure 1.

(4,0" +1)2‘

()

4.1.2. The WEC
This condition is realized when the NEC is, plus the con-

dition p,, >0. Note that the complete expression and
condition of the NEC read

2n(AB,—B))p" + p"' +2B,p"" +Bi p>0,n>0, (26)
2n(A4 - 4LA)p" + 4 p" +24,p™ + p20,n<0.(27)

These expressions are obtained by multiplying the
numerators in (25) by p. We didn’t need to use this
complete expression for determining the conditions on
the input parameters in the case of the NEC, since the

Figure 1. The graph representing the NEC in functions of
B, and B,with p=01, n=1, A=17.
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ordinary energy density is assumed as positive quantity.
Besides to (26) and (27), the second condition for satis-
fying the WEC is

Py =P+20f,+ 20, (28)

having in mind that the ordinary content is assumed as
pressure-less. By using f(p), according to the func-
tions in (23), (28) becomes

Ap™ +p"" +2B,p"" + B + B,B,

(29)
+(2nAB, —2nB, + AB, + B ) > 0,

A1A2p2n +A22p2n+1 +2A2pn+l +,0+A

., (30)
+(2n4, = 2n4,A+ 4 + A4,) p" > 0,n <0

Note here that we just use the numerator of the frac-
tions whose the denominators are always positives. By
combining (26) with (29) and (30), one gets for the WEC

Ap™ +2p""" +4B, p"" +2B. p+ B,B,

+[(1+4n)AB, +(1-4n)B, | p" 20,n>0 Gh

A AP +2p"" 440" +2p+ A

32
+[(1+4n) 4, +(1-4n) 4,A ] p" 20,n <0 G2

We address here the evident conditions for which the
WEC is satisfied as follows:

* B >0, B,>0 for 0<n<1/4,

* 4 >0, 4,>0, for —1/4<n<0.

It is obvious that these conditions are not unique. For n >
0 (n <0), the necessity of plotting the function

Ap2n+2p2n+l+4szn+l+2B22p

+[(1+4n)AB, +(1-4n)B, | p" + B,B, &)

A1A2p2n +2A22p2n+1 +4A2pn+l +2,0

+[(1+4n) 4, +(1-4n) 4\ ] p" + A 69

varying two of the input parameters. We present some
examples of these cases in Figure 2.

4.1.3. The SEC
The strong energy condition is realized by combining the
NEC with p,; +3p,, > 0. This latter reads,

Py 3Py =p+2pf,=2f20. (35

Making use of the expressions in (23), one obtains a
fraction whose the denominator is always positive and
the numerator reads

p2n+1 +2szn+1 +Bzzp_2[(1—n)ABz +(1+n)Bl:|pn

(36)
—2Ap™" —2B,B,>0 for n>0,
A +24,0"" + p=2[(1-n) 4 +(1+n) 4,A ] p" a7
2A44,p" -2A>0 for n<0,
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134 F. G. ALVARENGA ET AL.

Figure 2. The graph of WEC in terms of suitable values of
B, and B,with n=1, A=17, p=0.1.

Now, combining (36) and (37) with the NEC, on gets
the following conditions for the SEC

20" —2Ap™ +4B,p"" +2B; p—2B,B,

38
-2[(1-2n)AB, +(1+2n)B, |p" 20, n>0 ©8)

2Ap" =24 4,07 + 440" +2p—-2A

-2[(1-2n) 4 +(1+2n) 4,A | p", n<0 %)

In this case, there is any obvious condition for satisfy-
ing the SEC. However, values can be found, by plotting
the corresponding functions in terms of two of the pa-
rameters. Some examples for illustrating some of these
cases are presented in Figure 3.

4.1.4. The DEC

The dominant energy condition is characterized by the
WEC combined with p, +p, 20 . Following the
same steps as in the previous cases, one easily obtains the
DEC as

20" + Ap™" +2B,p"" + B p+ BB,

40

+[(2n+1)AB, +(1-2n)B, | p" 20, n>0 40

240" + A A" 240" + p+ A )
+[(2n+1) 4 +(1-2n) 4,A ] p" 20, n<0

The evident conditions read B, >0, B,>0 and

n>1/2. Evidently, other conditions may lead to the ac-
complishment of the DEC, but, only plotting the func-
tions in (40) and (41). We present some of these cases in
Figure 4.

4.2. Studying the Case a,In° (b3Tm)

Here we will work with the fundamental conditions for
which the model allows the avoidance of the Big Rip. So,

Copyright © 2013 SciRes.

SEC

Figure 3. The graph of the SEC in functions of B,and B,,
setting A=17, p=0.1 and n=1.

Figure 4. The graph representing the DEC in functions of
B, and B,with p=0.1, n=1, A=17.

we propose to check if the range of parameters for which
the singularity may be cured can also make the model
satisfying the energy conditions. Here, the first derivative
of f(p) also plays an important role. Deriving /()
with respect to the energy density o , one gets

1, (p)= ﬂflnf“ (b,0") 42)

We believe that each step of constructing the four en-
ergy conditions is now clear and we simply present the
results and comments as follows:

4.2.1. The NEC
p+2qma, + pln’ (b,p" )2 0. (43)

The evident conditions for obtaining this are ¢ >0,
m<0,a, <0, with p" >1/b, . It is important to note
that this list is not exhaustive, since in other conditions
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different from the above ones, the NEC could still be
realized. This situation requires knowing some intervals
to which the parameters must belong. We present this
feature by plotting the function corresponding to the ex-
pression (43) in terms of some of the input parameters
fixing the other. See Figure 5.

4.2.2. The WEC

2p+2gma, + (p +2gma, ) In¢" (b3pm )
(44)
+a;In? (byp" )20,

In this case by plotting the function (44), the WEC can
be realized graphically. This is the set of situations where
one of the terms in the sum (44) is negative, but it abso-
lute value is less that the absolute value of the sum of the
other. See Figure 6.

4.2.3. The SEC
20+ 2gma, +(p+2gma, ) In?" (b, p"
P+ iqmas (p q 3) (3/0) (45)
—2a, In?(b;p") 20

In this case, evident constraints on the input parame-
ters in order to realize this energy conditions are pre-
sented as follows: ¢>0, m<0, a;,<0, with
p" >1/b, . As presented in the previous cases, other
conditions may also realize this energy conditions. This
can be observed by plotting the function in (45) in terms
of some input parameters, fixing the other. See Figure
7.

4.2.4. The DEC
3p+2gma, +(p+4gma, ) In? (b3p'" )

(46)
+3a, In? (b3p’”) >0.

NEC 3
2

0200

Figure 5. The graph representative of the NEC in terms of
mand b,,with p=0.1, a,=1and gq=0.1.

Copyright © 2013 SciRes.

Figure 6. The graph of the WEC in functions of m and b,
usingp=0.1, a,=1 and gq=3.

Figure 7. The graph of the SEC in functions of mand b,,
using p=0.1, a,=10"° and q=3.

Here, constraints may also lead to the DEC, but
this is clear by plotting the function (46), as in the
previous cases. We present an illustrative example in
Figure 8.

We mention that for all the graphs, the parameters are
normalized to 10™"*' Planck units. Remark that the cur-
rent value of the cosmological constant is about
1.7x10™"" and the energy density of the usual matter is
about p=0.1x10"" [14]. Then, with the normalization
we get A=1.7 and p=0.1 for the cosmological con-
stant and the energy density of the usual matter respect-
tively, which are the values used for plotting the graph in
the figures.

5. Perturbations and Stabilities in R + 2f(T)
Gravity

In this section we propose to study the perturbations
around the models used in this work. We can start estab-
lishing the perturbed equations for the case R+2f(T),
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136 F. G. ALVARENGA ET AL.

Figure 8. The graph of the WEC in functions of m and b,
with p=0.1, a,=1and gq=3.

but the two models will be studied as specific cases.

For this purpose, let us assume a general solution for
the cosmological background of FRW metric, which is
given by a Hubble parameter H = H, (t) that satisfies
the background Equation (17) using (15), for R+2f (T )
gravity. The evolution of the matter energy density can
be expressed in terms of this particular solution by solv-
ing the continuity equation around H, (t) ,

dp, /dt+3H, (t)p, =0, (47)
yielding
2y (1) = pie 1% @)

We recall that we are considering that the ordinary
content of the universe is pressure-less. Since we are
interesting in studying the perturbations around the solu-
tions H =H,(¢), we will consider small deviations
from the Hubble parameter and the energy density, i.e.,
we can write the Hubble parameter and the ordinary en-
ergy density as [20]

H(t)=H,(t)(1+6), p(t)=p, (t)(1+5,).  (49)

In order to study the behavior of these perturbations in
the linear regime, we expand the function f(7) in
powers of 7, (or p, ) evaluated at the solution
H=H,(t),as

F(T)=r(p)=1"+1(p=p,)+ 07, (50)

where the superscript b refers to the background values
of f(T) and its derivatives evaluated at T =7, (or
p = p,). Here, the O term includes all the terms propor-
tional to the square or higher powers of T (or p).
Then, only the linear terms of the induced perturbations
will be considered. Hence, by making use of the expres-
sion (50) in the Equations (15) and (17), one gets the
equation for the perturbation 4(¢) in the linear approxi-
mation,

Copyright © 2013 SciRes.

(pb+3pbf;+2p;f;p)5m(t) 51)
=6H,5(t).

On the other hand, there is a second perturbed equa-
tion from the matter continuity equation,

5, +3H,(1)5(t)=0. (52)

By combining Equations (51) and (52) one gets the
following equation for the matter perturbation

2H,3, +(p, +3p, 1) +20,/1, )5, =0, (53)

from which we obtain

1
—[Cpd
szf

0,=Ce ,

P, b b\’ (54)
C, :_Hb (1+372+2p,12,)
b

where C| is an integration constant. By using the relation
(52), the perturbation o reads

5(t)=

Let us now consider two cosmological solutions and
analyze their stability by the use of the models treated in
this work: de Sitter solutions and power law solutions.

1
B CC, e—Eijdt

6H, (53)

5.1. Stability of de Sitter Solutions

In de Sitter solutions, the Hubble parameter is constant
and one has

H,(t)=H,, —a(t)=ae"™, (56)

where H, is constant.

With this scale factor, the energy density of the back-
ground becomes p, = pe ", with which one has
dp, =-3H,p,dt . By using this, one can cast the integral
in (55) into

1
[Cdt=——=[(1+3/) +2p,12, )dp, . (57)
3H
5.1.1. Treating the Model
f(T)=(AT"+B,)/(T"+8,)
This case corresponds to n > 0, and the integral (55) can
be expressed as

- 2n(AB,—B,) p;
.[det:_ 12 Pb_ABz ljl+ dl lz)pb )
3H, B, +p; (B2 +p;) (58)
Py =pye "
and C,, is written as
JMP



F. G. ALVARENGA ET AL. 137

1 +n(2n+1)(ABz+Bl)p[',’

B+p)
( +Pb) (59)

4n* (AB,-B) p;"
_ / _
(Bz + ,0;,1)

We see from (58) and (59) that for n >0, and as the
time evolves, the stability of de Sitter solutions requires
B, #0. In other word, for the initial model, de Sitter
solutions are stables if and only if a, #0and b, #0.

5.1.2. Testing the Model

f(T)=(AT"+A)/(AT"+1)
This case corresponds to n <0, and the integral (57),
multiplied by —1/2, can be expressed as

1
—EJdet
- 2n( A4, —AA,) p,
_ l2 o, A —AA4, N n(4, 2)2pb . (60)
6H, 4, (1+ Azp;:) (l+ Azp,':)
p;)z :pge—SnHOt

and C, is written as

1 ot n(2n+1)(4, —AzAz)pb
(4p0) +1)

b=

HO
(61)
_An'4, (4 -AL) P

(4op +1)

Here, for n<0, as the time evolves, both (60) and
(61) tend to +oo . Thus the perturbation will grow expo-
nentially, and this particular de Sitter solution becomes
unstable. Note that this result does not depend on any of
the parameters 4, or A4,.

5.1.3. Treating the Model a,In‘ (b,T™)

With this model, the integral (57), multiplied by —1/2,
can be performed and one gets

1
_EJ C,dt
(62)
_ m -1 m
= a[pb +a,In? (b3p )+ 2mqay In? (b3p )J
with the corresponding expression of C, being
1 Sy o
C, = F[pb +gmayIn*”! (b,p")
0 (63)

+2mq(g—1)a,In?? (b3pm )]
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Let us recall that this model a, In? (b3T "), leads to
the avoidance of the Big Rip for ¢ > 2a/ (a —1) and
m<0, where a>1, as we have previously shown.
These conditions also allow the model to satisfy the en-
ergy conditions. Now, let us check what happens about
the stability with these conditions. First, note that the
relation ¢ >2a/(a—1) can be cast into
q>2+2/(a—1) , showing that ¢>2 because of
a >1. By choosing a, <0, we see that, within the con-
ditions ¢ >2 and m <0, the expressions (62) and (63)
tend to —oo as the time evolves, and this ensures the de-
cay of the perturbation, leading to the stability of de Sit-
ter solutions with this model. Thus, regarding to the sta-
bility of de Sitter solutions, the energy conditions and the
late time acceleration, provided with the conditions
a,<0, b;>0,9>2 and m <0, we can conclude that
the model may be cosmologically acceptable.

5.2. Stability of Powerlaw Solutions

As we are dealing with dust as ordinary content of the
universe, we will be interested to the scale factor

a(t)=at” —> H, (t):%, Pyt (64)

5.2.1. Treating the Model
f(T)=(AT"+8,)/(T"+8,)
In this case, n >0, and one can perform the integral

1 _ 3 n[_(3n+4)(ABz—Bl)t2
—J G- [l() 5, (1+ 8,7

4a,

(AB,-B)1* . (4n+7)(AB, - B))¢*

(65)
2B,n(1+ B, ) 2B,
><2Fl[l,1,l+l;—thz"H,
n n
with
3 1+2n(n+1)(ABz—Bl)f2"
" 24|t (t’2"+Bz)2
, (66)

~ 4n* (AB,—B) ™
(t’z" +B, )3

where we have set p, =1, and ,F| is the hypergeomet-
ric function defined by

CINCS I,

i dendiz) = RS

with
t (ﬂ)y :/1(/1+1)(/1+2)---(/1+r—1),(/1)0 =1. (68)
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As the time evolves, conditions are required for guar-
anteeing the decay of the perturbation. For B, <0, it is
necessary to have AB, < B, which means that B, can
be positive, or negative but with |AB,|>|B,|. In the case
where B, >0 one may observe two sub-cases, i.e., for
an even 7, and an odd . For an even r, as the time
evolves, the necessary condition for guaranteeing the
decay of the perturbation is AB, > b,, meaning that the
parameter B, can be negative, or positive. On the other
hand, for an odd r, the requirement for getting the decay
of the perturbation is AB, < B, meaning that B, >0.

5.2.2. Treating the Model
f(T)=(AT"+A)/(AT"+1)
Here, n <0, and the integral can be performed as
3 (2n+3)(4 - A4) 7

1
_EJ‘det——E hl(t)— 2(A2+t2")

G — A4 . 3(4, - A4,

, (69
(4, +1") 24, (69)
2n
XzFi lalal+l;_t 5
n n 4,
with
3 | n(2n+1)(4 - A4
==
2a, (42 +1)
(70)

4A2n2 (Al _AAQ)t_4n+1
a —2n 3
(AQt + 1)

As the time evolves, the argument of the hyper-
geometric function tends to zero and the hypergeometric
function tends to 1. Thus, the dominant term in (77)
reads

3
4%—[422(/12 —n)(4 —A4,)t*. (71)

Here, one can distinguish two cases: (4, —n >0 and
A <A4,) and (4,—-n<0and 4 >A4,). In the first
case, one gets 4, >n meaning that 4, can be positive,
or negative but with |A2| < |n| .When 4, >0, A4 canbe
positive or negative, due to the relation 4, < A4, , while
for 4, <0, A4, is necessarily negative. In the second
case, one gets 4, <n, meaning that 4, <0, which
allows 4, to be positive, due to the relation 4, > A4, .

We observe that some of the conditions for which the
stability occurs, are also compatible with some energy
conditions. This shows that for some values of the input
parameters, acceptable models can be obtained, at least
regarding to the energy conditions, the stability, the late

Copyright © 2013 SciRes.

time acceleration of the universe and the avoidance of the
Big Rip.

5.2.3. Treating the Model a,In* (bng).

As we have done in the previous cases, the integral can
be performed, yielding

1 3 [N 2(t
—chbdt = —T%{ln(t)—5a3qb3”’mql{q,#}

+a3q(q—1)m"b3’"l“{q—l,it)ﬂ, (72)
m

g(t)=In(bye>"),
with

C = i[l +a,qmtIn?™ (b3t’2"’ )
2a, | t (73)
+2ayq(q—1)m*tIn"" <b3t_2m )J
As we have previously mentioned, this model cures
the Big Rip for ¢ >2 and m < 0. With these condi-
tions, as the time evolves, only the term ln(t) Srows.
Since -3In()/(4a,) is negative for large value of the
time, it is easy to observe that the perturbation decays,
and this corresponds to the stability of the power law
solutions with this model. Observe that in this case, the
constraints on the parameters ¢ and m for which all
the energy conditions are satisfied, leads to the stability
of the power-law solutions. Thus, regarding to the stabil-
ity, the energy conditions, the late time acceleration of
the universe and the avoidance of the Big Rip, we can
conclude that this model can be cosmologically accept-
able for a; #0, b, >0, ¢g>2 and m<0.

6. Discussions

We studied the viability of two f (R,T) models ac-
cording to energy conditions. A special attention is at-
tached to the models of type R+2f (T ) For the two
models of f (T) considered, it is shown that for some
values of the input parameters, energy conditions are
satisfied. Moreover, we showed that there exist values of
the inputs parameters for which the four energy condi-
tions may be satisfied simultaneously, for the two mod-
els.

An interesting feature of these models is that there fill
well with the observations data. Therefore, the graph
representing each energy conditions in plotted for both
models under study.

Moreover, in order to make a consistent analysis of the
stability of the models, we studied the stability of de Sit-
ter and power-law solutions within the two models by
considering the perturbation around them. We see that
the de Sitter solutions present stability for two models.
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However, for the power-law solutions, the stability can
be observed for each model under some conditions. We
also see that for the conditions for which the stability is
realized, the late-time cosmic acceleration and the
avoidance of the big rip are always satisfied. We con-
clude that, in the frame work of R+2f(T) gravity the
two models can be viable.
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