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Abstract: A locally-rotationally-symmetric Bianchi-I model filled with strange quark matter (SQM)
is explored in f(R, T) gravity. We take f(R, T) = R+2f(T) = R+ 2AT, where R is the Ricci scalar, T
is the trace of energy-momentum tensor and A is an arbitrary constant. Exact solutions are obtained
by assuming that the expansion scalar is proportional to the shear scalar. This yields a constant
value for the deceleration parameter, ¢ = 2, which corresponds to the decelerated phase of the
universe. The model is found to be physically viable for A < —1. SQM during early evolution
mimics ultra-relativistic radiation whereas at late times, it behaves as dust, quintessence or even
the cosmological constant depending on the value of A. The effective matter acts as a stiff fluid
irrespective of the matter content and of the f(R, T) terms. The model is shear free at late times but
remains anisotropic throughout the evolution. In the absence of the f(R, T) terms, SQM accelerates
the universe. In the specific case when SQM vanishes at late times, the effect of f(R, T) is to accelerate
the universe. The model admits the possibility that SQM could be an alternative to dark energy.

Keywords: LRS Bianchi I anisotropic model; strange quark matter; modified theory of gravity

1. Introduction

Observational data [1-3] suggests that the universe is currently in an accelerating epoch. A
plethora of attempts have been made to explain this phenomenon but none of them is compelling. The
first attempt is “Dark energy” (DE), which is the hypothesis of exotic matter with the unique feature of
anti-gravity due to highly negative pressure, thereby accelerating the universe [4]. The cosmological
constant (CC) is the primary candidate for DE. The second attempt to explain the acceleration of the
universe is modified theories of gravity [5]. Hence shortcomings from the ACDM model [6-10] enable
authors to consider other alternatives of fundamental theories of astrophysics and cosmology. These
includes dynamical candidates of DE and modified theories of gravity, e.g., higher derivative theories,
Gauss-Bonnet f(G) gravity, f(R) theory, f(T) and f(R, T) gravity theories. In 2011, Harko et al. [11]
introduced f(R, T) gravity, where f(R, T) is an arbitrary function of the Ricci scalar R, and the trace
T of the energy-momentum tensor. A noticeable feature of this theory is the presence of acceleration
due to the geometrical contribution and matter content. This phenomena gives significant signatures
and effects which distinguishes it from other theories of gravity. This theory caught an attention of
many researchers, working with it from various cosmological and astrophysical phenomena in the
context of this theory (see [12] for a broad list of references). This theory has been tested on galactic
and intra-galactic scales [13-18], etc. Lots of early studies focused on the spatially flat homogeneous
and isotropic universe, well articulated by the Friedmann-Lemaitre-Robertson-Walker (FLRW) metric.
Then it was suggested that there exists anisotropy and inhomogeneity of the universe at small scales
[19-22]. Due to anisotropy supported by both observational and theoretical data, an anisotropic
background has been considered by several authors [23-29], etc. The Bianchi type-I (BI) model is one
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of the favoured candidates to study effects of early time anisotropy since the Bl is a basic generalization
of the FLRW k = 0 model.

In order to comprehend the early stages of the evolution of the universe, it is important to study
quark gluon plasma (QGP). It is understood that two phase transitions occurred in the very early
universe as it cooled down, namely the quark gluon phase and the quark hadron phase. During the
first few seconds after the big-bang, a phase known as the quark gluon epoch occurred, where quark
matter is thought to have originated. The second phase occurred at a temperature of T = 200MeV due
to adiabatic expansion of the universe, when the quark Gluon Plasma was transformed into a hadron
gas. Some authors [30-32] first proposed the notion of quark matter in two ways: quark hadron phase,
and at ultra-high densities, during the conversion of neutron stars into strange stars [33]. In elementary
particle physics, the standard model suggests that baryonic matter is made up of fundamental particles
known as quarks. These are the building blocks of matter around us, and are made up of 6 types,
namely: up (u), down (d), strange (s), charm (c), top (t) and bottom (b), while strange (s) quarks are
of three main types. Then the authors [30,31,34] came up with the theoretical possibility of SQM
constituting the ground state of hadronic matter. This implies that neutron stars could become strange
stars [35-37]. The search of SQM has not yet been confirmed, hence in [38-40] the detailed possibilities
where this type of matter can be located were discussed. For a clear review about the properties of
(SQM), refer to [41-48].

There are many aspects of SQOM, QGP and QM that have been investigated, viz., inflation with
SQM [49], space-time structure of the first few seconds after the big bang when QGP existed [40],
QGP and SQM in the context of GR and Brans Dicke theory [50-52,54,55], thermodynamics and the
geometry of SQM [53], magnetized conformal motion [56], magnetized quark and SQM, [57], the B-1
and FLRW models with both SQM and QM in f(R) gravity [58-60], the possibility that globally QM
exists as DE and DM at galactic scales [61], QM and SQM attached to string clouds [62,63], SOM in
the Godel universe, [64,65], and and Kaluza Klein models [66,67].

This work is organized as follows. An LRS B-I space-time model with SQM in the presence of the
bag constant in f(R, T) gravity is explored. In section 2, solutions for f(R, T) = R + 2AT gravity in
the presence of QM and SQM are calculated. In section 3 and its subsections, the behavior of SQM
is explored under the first assumption. The findings of the second assumption are accumulated in
section. 4, while in section 5 a hybrid form for the scale factor is considered, In Section 5, the conclusion
is made.

1.1. The formalism of f(R, T) gravity theory

The general action of f(R, T) gravity with units 87G = 1 = c is given by [11]

S— %/[f(R, T) +2Ly) \/—gd*x, )

where f(R,T) is an arbitrary function of the scalar curvature R, and the trace T of the energy
momentum tensor (EMT), L, is matter Lagrangian density and g is the determinant of metric tensor
gij- The EMT is defined by

2 6(V—8Lm)

Ni= "= e ®
Since L,, depends on on the metric tensor g;; rather than its derivatives, (2) becomes
oLy,

Varying (1) with respect to g;;, one obtains the field equations for f(R, T) gravity

1
frRij — Ef(R/ T)gij + (80— ViVj) fr = Tij — frTij — frOy, )
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where fr and fr representn the partial derivatives of f(R, T) with respect to R and T, V; is a covariant
derivative, 0 = V,;V j is the d’Alembertian operator, and @ij is defined as

_ 59Ts
0; = gﬁ @/ ®)
Substituting (3) in (5) results in
B g L
®ij = —ZTij + giij —2g agijagﬁ . 6)

Since the field equations in f(R, T) depend on @;;, an array of models depending on the nature of the
matter source can be generated. This is analogous to choosing various form of f(R, T). In this work,
we study f(R, T) gravity in the form

f(R,T)=R+2f(T), (7)
for which, (4) becomes

1 1
Rij = 5Rgij = Rij — 5Rgij = Tij — 2Ty + Oy) f'(T) + £(T)gij, (8)

where a prime represents an ordinary derivative of f(T) with respect to T.

2. The model and field equations

The spatially homogeneous and anisotropic LRS B-I space-time metric is given by
ds*> = dt* — A%(dx® + dy?) — B2dz?, )

where A and B are the scale factors and are functions of the cosmic time t. The average scale factor is
defined as

a = (A2B)3. (10)

The rates of expansion along the x, ¥ and z-axes are defined as

A B
Hi=—=H,, H3 = —, 11
1= 7 2 Hy=5 (11)

where a dot represents a derivative with respect to . The average expansion rate, which is the
generalization of the Hubble parameter in an isotropic scenario, is given by

1/2A B
H—3<A+B). (12)

The expansion scalar, § and the shear scalar, 02 are, respectively, defined as

0 =ul; =3H, (13)
1 1 /A B\’
2:7 . i]'zf _———
o 2(71]0 3 (A B) . (14)

Since QGP behaves similarly to a perfect fluid, the EMT of SQM is given by

Tij = (Psq + Psq)ui”j — Psq8ijs (15)
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where pg; is the energy density and ps; the thermodynamic pressure of the SQM. In comoving
coordinates, u' = 56, where u; is the four-velocity of the fluid that satisfies the condition uiuf = 1. The
trace T = gif T;; of (15) gives

T = psg — 3psq- (16)
In a bag model

Psq = Pgq + B, (17)

Psqg = Pq — Be, (18)

where p;, p; are the energy density and pressure of the QM, respectively, and B, is the Bag
constant. With the assumption that quarks are non-interacting and massless particles, their pressure is
approximated by an equation of state (EoS)
Pq
=1 19

p q 3 ( )
The SQM follows an EoS ps; = % (psq — po), where p is the energy density at zero pressure. In a Bag
model pg = 4B, hence

0sq — 4B¢
psq = qf. (20)
The matter Lagrangian is not distinctive. Hence to be consistent with the variation of the EMT
(15) with respect to g;;, the assumption L, = —psg is used. Consequently, the second order variation

of the matter Lagrangian in (6) disappears, and ©;; becomes

Oij = =2Tij = Ps48ij- (21)
Inserting (21) into (8), one gets
1

Rij = 5Rgij = [L+2f(T)] Tij + [2psg f(T) + f(T)] 8- (22)

These are the field equations in f(R,T) = R+ 2f(T) gravity with SQM. We consider f(T) = AT,
where A is an arbitrary constant. From (16)—(19), we have T = 4B, which is a constant. Consequently,
f(T) = 4AB., which implies f'(T) = 0. Hence, (22) reduce to

1

Assuming 4AB. = A, the above field equations become equivalent to Einstein’s field equations with
a cosmological constant. Then f(R,T) = R + 2AT becomes f(R,T) = R+ 8AB.. Hence, f(R,T) =
R+ 2AT for f(T) = AT with SQM equivalent to ACDM. Interestingly, while a cosmological constant
is added to Einstein’s field equations ad hoc, here it results naturally from the coupling of f(R, T)
gravity and the Bag constant. If A = 0 or B; = 0, (23) reduce to the field equations in GR.

The field equations (23) for the metric (9) and EMT (15), yield

.2 .

A AB
<A> +2o5 = (0g+ Bc) +4AB, (24)

.2 .

A A
(A> +ZZ = —(pg—Bc) +4AB,, (25)

A B AB
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These are three independent equations consisting of four unknowns, namely, A, B, Pqs Pq- Therefore, in
order to find exact solutions, one supplementary constraint is required. We take the expansion scalar,
(= 3H) to be proportional to the shear scalar!, ¢

B= A", (27)

where 7 is an arbitrary constant. Using this in (25) and (26), one obtains

. .2
A A
a0+ (5) o 28)
which gives
A=pl(n+2)72, 29)
Consequently
B=ua(n+2)t]2. (30)

From (10), (29) and (30), the solution for the scale factor is:
a=aB?[(n+2)t

Note that this solution is valid for n # 1 since to obtain equation (28), we have divided by the factor
(n—1). For n = 1, we see from (27) that we get the isotropic solution A = B.

We now compare our solution with that of Agrawal and Pawar [68] who considered this same
problem. They over determined their solutions in the sense that they assumed two relations, instead
of one, the first one being the shear proportional to the expansion scalar, what we have considered
here in (27). However, they also assumed a second relation, viz., a form for the Hubble parameter,
viz.,, H = ka="/3, where k and m are constants [68]. This is equivalent to a constant g = m — 1.
Consequently, even if it is supposed that their field equations are correct, their solutions are not valid.
One may readily verify that their solutions do not satisfy their field equations. Instead, the two
different assumptions give rise to two different solutions. Here, we shall continue with the assumption
(27). The solution with the other assumption is obtained in Sect. 4.

We see that %2 — 0ast — oo, i.e., the model becomes isotropic at late times. It is also important to
mention that both the metric potentials and geometrical parameters are independent of f(R, T) gravity.
The energy density and pressure for the quark matter are calculated to be

1+2n

Pi = Gyape (1+4A)B., (31)
1 1+2
Pe = 3 {(2:71)22 -1 +4/\)Bc} . (32)

Consequently, the density and pressure of SQM are, respectively,

1+4+2n
Psqg = m —4AB,, (33)
1 1+2n

These are the correct expressions for the energy density and pressure which clearly differ from those
obtained in Ref. [68]. For any physically realistic cosmological model, the energy density must be
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positive. Technically, the weak energy density condition (WEC) ought to be satisfied. From (31) and
(33), one may find the constraints for the positive energy densities. However, the constraints would
depend on the cosmic time. We are not interested in a model which is physically viable only for a
restricted period of time. The model satisfies the WEC throughout the evolution providing that

1 1
A< 1 and n > —5 (35)

From (33), we observe that p;; — o0 ast — 0 and ps; — —4AB; ast — 9, i.e., the coupling term
of f(R, T) gravity and Bag constant dominate at late times and the energy density of SQM becomes
constant. Similarly, from (34), we see that p;; — o0 ast — 0 and ps; — —%(1 + A)B; as t — oo.
Therefore, if -1 < A < —%, the pressure remains positive throughout early evolution, and when
A < —1, then the pressure remains positive at early times, but becomes negative at late times. In
particular, if A = —1, then the pressure of the SQM remains non-negative throughout the evolution.

3. The behavior of strange quark matter

The EoS parameter of SQM, ws; = p—zZ, can be expressed as

1 1+2 1

SR

(36)

a)sq =

which shows that the additional terms due to f(R, T) gravity affect the behaviour of SQM. However,
they play no role when B, = 0, i.e., wsy = % = wy, where wj is the EoS of QM.

wsq(t) _—— =
0.5

0.0}
~0.5]

~1.0}

Figure 1. ws; versus t with n = 2, B, = 1, and different values of A.

The behavior of SQM is shown in Fig. 1. The EoS parameter, starts from ws; = % (irrespective of
any values of 1, B, and A) and tends to ws; = %, as t — 0. Hence, the late time behavior of SQM
depends solely on the additional terms of f(R, T) gravity. The case A = 0 corresponds to GR and the
EoS describes the transition from ws; = % to phantom matter wg; < —1.In f (R, T) gravity, wsy does
not cross the phantom divide line. It describes the transition from ultra-relativistic radiation to dust
(wsq = 0) for A = —1, quintessence (wsg = —%) for A = —%, and a cosmological constant (ws; = —1)
forA = — 411' Though the model describes only a decelerated universe, DE features do not contradict
because SQM showing these characteristics is not the net matter.

We mentioned in the introduction that due to the coupling of matter and geometry, some extra
terms do appear in the field equations. These terms having A in (24) — (26) can be associated with
so-called coupled matter. They can be distinguished as pr and py, respectively. Then pr = 4AB. = —py,
hence w; = —1. Therefore these extra terms contribute as a cosmological constant.
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3.1. The effective matter
The energy density and the pressure of the effective matter are found to be equal
1+2n
== . (37)
Peff 2+ n)?2e Peff

Hence, the effective matter acts as a stiff matter that justifies the decelerated behavior of the model.

4. Model with special law of Hubble parameter

As we have mentioned in the previous section, Agrawal and Pawar [68] over determined the
solutions. They considered two assumptions simultaneously to find the exact solutions. However, only
one of them is sufficient as we have seen in the previous section. Here, we consider a model with the
other assumption the authors considered in their model, i.e., a special law of variation of the Hubble

parameter

H=k (AZB) 3, (38)
where k > 0, m > 0 are constants. The deceleration parameter, g = —Z% =-1- %, for the above law
yields a constant value

which shows that the models with m < 1 describe an accelerating universe, while the models with
m > 1 correspond to a decelerating universe. Hence, whilst one could obtain decelerating and
accelerating models separately, it is not possible to obtain a model with a transition from one to the
other.
From (25)—(26), the condition for isotropy of pressure is
A B B
A~ B A 0

where B is the constant of integration. Using (38) in (12) and solving together with (40), one obtains

atm exp {ﬁmt(kmt)%]; m#3,

A — 3(m—-3) (41)
3k+p
ot 9% ; m =3,
1 ZBmt(kmt)_% :| .
atmexp | —F=r—=—|;, m#*3,
B — P [ 3(m—3) 7 (42)
3k—28
wt 9%k m=23,

where « is an integration constant. The geometrical behavior of the model remains the same as in GR
[71] (see also [12] for detailed discussion).

Case(iym =3

The directional scale factors A and B follow power law expansion in this case which is similar to
the model L. Therefore, the geometrical and physical behavior of the model is similar to model I. The
energy density and pressure of QM are obtained as

9k2 _n2
1 [9k2 — p?
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Consequently, the energy density and pressure of SOM become
9k? — p?
sy = 7271@5 — 4)B,, (45)
1 [9Kk* — p?
The constraints ﬁz <9k2%and A < —%, imply the WEC holds.
The EoS parameter of the matter can be expressed as
9k>— B>
Wsq = ok2_p2 . 47)
e~ 4B
The energy density and pressure of the effective fluid are given by
9k2 _ ,BZ
Peff = 27k242 = Peff- (48)

All of the above mathematical expressions are almost similar to the model I. We observe that, the
physical description given for the model I is true for this model also.

Case (i) m # 3

The energy density and pressure of QM in this case become

3 1 _5
Py = o — g (kmt) T — (14 4A)B, (49)
1 1., _e 1
pe = g~ gf (kmt) T = 3 (1 AE o

Therefore, the energy density and pressure of SOM turn out to be

3 1 _6

T 2(kmt)~w — 4AB,, (51)
1 1 _6 4

Psq = W — §/32(kmt) mno— g(l + )\)Bc. (52)

From (49), we see that for A > — }1, the model violates the WEC at late times, as well as at early times.
However, the violation of the WEC at late times can be avoided by the restriction A < — }1, but it cannot
be avoided at early times unless § = 0, in which case the model is isotropic. Hence, an anisotropic
model is not physically viable for m # 3.
In order to satisfy the WEC we must have A < — %. The EoS parameter of a SQM can be expressed
as
§ e — 3B (kmt) 7 — (14 2)4B |

3 — 1B2(kmt)~m — 4AB.

m2t2

In this model same results are obtained as mentioned as in sect. 3. It is clear that Wsq relies on both the
additional terms of f(R, T) gravity and bag constant. However, if B, = 0, the model neither depends
on the additional terms of f(R, T) nor the bag constant, i.e., B, = 0, wsg = % = wy, where wy is the
EoS of QM, hence exhibiting ultra-relativistic radiation. Then, in the absence of the additional terms of

4B, (kmt)
p

f(R, T) gravity, ws; = % + att — 0, wsg = %, i.e., a semi-realistic model (w > 0).
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4.1. The effective matter
The energy density and pressure of the effective fluid for case (i) is given by
9k2 _ ﬁZ
p‘fff = 27k242 = peff’ (54)
for 9k% > ﬁz, i.e., stiff matter. on the other hand, in case (ii), we have
1 2 _6
pEff = —ng (kmt) m, (55)
1 6 143
Pess = 5 (kmt) (6kﬂ(kmt) L+ ﬁ2) . (56)
Then the EoS parameter for positive values of 8, k, m is given by
kmt) 1w
Weff = 1+(m)ﬁ. (57)

In this instance, the model shows a transition from w, fF= 1 to w, ff —>o0ast — oo, for0 <m <3,
k, B > 0. In this case it exhibits a a transition from stiff matter to a semi-realistic matter (w,sf > 0).

5. Model with Hybrid scale factor

Based on various observational data [1,2], it is evident that the cosmic acceleration of the universe
is a recent phenomenon and hence there must be a transition from early deceleration to late time
accelerated expansion sometime in the recent past. In view of this phenomenon, in this section, we
have used a time varying DP (TVDP) to comprehend the current universe that flips signature from
early deceleration to late time acceleration. This means that the deceleration parameter should be
positive (g > 0) early on and at some time, signature flipping occurs, after which g < 0. Whilst in
the previous sections, we have studied models with both deceleration as well as acceleration, the
considered models do not exhibit such a change. So in this section we have analysed a hybrid scale
factor [72] given by

a(t) = ef!ts, (58)

where f, ¢ are positive constants (we have set a constant equal to unity without loss of generality).
Much work has been done in homogeneous and both isotropic and anisotropic space-times (e.g.,

[73-76]).
To visualise the transition, we have plotted the deceleration parameter g against time f in the

Figure 2.

q(t)

1.0

— =0.48,n=0.29
0.5}
t
-0.5
10t

Figure 2. g(t) versus t with f = 0.48, ¢ = 0.29.
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The energy density and pressure of QM in this model are obtained as
0y =32 +° = +6fg+ﬁ32t6fi ~ (1+4M)B,, (59)
Py = {Sf + t; Y8 5; é_fét ¢! +4/\)Bc} . (60)
Consequently, the energy density and pressure of SQM yields
oy =3f2 15 . 6{g + P ;téfig 47B,, 61)
Peg = [3f I o 6{g + ﬁ; 6f6tg (1+ /\)4BC] . 62)

The constraints f > 0,0 < ¢ <3,8>0,A < —3, ! imply that the WEC holds. The EoS parameter of the
matter can be expressed as

a2+ + 48 4+ B — (14 A)48,]
_ 6 ‘
32+ % + 8 L BLE _4aB,

(63)

In this model, we have the same results as mentioned in model-II. It is clear that in this case, the model
depends on the bag constant B; and f(R, T) gravity. Yet, when B. = 0, the model neither depends on
the additional terms of f(R, T) nor the bag constant, i.e., B, = 0, wsg = % = wy, where wy is the EoS
of QM, hence corresponding to ultra-relativistic radiation. For f >0, 0 < ¢ <03, B, =2, p=2
and A = —%, the model evolves from radiation to a cosmological constant, while if A = —%, the model
initially is in a radiation phase, and then later mimics quintessence. Lastly for A = —1, the model is
only in a radiation phase. We can conclude that for constrained parameters of f, g, A, the hybrid scale
factor model behaves similarly to model L.

5.1. The model in GR

In GR, i.e, A = 0, this model solely relies on the bag constant only. Hence, from (62), we get

3% | 6 2¢-68
L3/ +% + 48+ ELF —4B]

3¢2 | 6 2468
32+ 3% + % + g

Wsq = (64)

In this model the EoS exhibits a smooth transition from ws; = % (ultra-relativistic radiation) to
wsg — —oo (phantom matter). Thus in GR, the EoS describes all kinds of known matter (radiation,
dust, quintessence, cosmological constant and phantom matter). This model fits well with observations,
including the late-time accelerated expansion of the universe [77-81]. If -1 < w < — %, then we have
quintessence [82,83] and if w < —1, then we have a phantom model [84,85]. The phantom matter is
well supported by observations [86].

6. Conclusions

In this paper, we have studied an LRS bianchi-I space-time in f(R, T) gravity, where f(R, T) =
R +2f(T) with f(T) = AT. We have considered a model with SQM [68], and it is important to
mention that the solutions obtained assume an expansion scalar proportional to the shear scalar. This
returns a constant value for the deceleration parameter, 4 = 2. Hence, the model can describe only
the decelerated era of the universe. The metric potentials A, B in [68] are not correct as they can be
obtained by means of equations (25)-(26) and (27). The other setback of their model is that the LHS of
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their field equations are not correct and physically invalid. Since the assumption (6 = 3H) has already
been considered by [87-89], we can see that the wrong signs do not affect the geometrical parameters.
The comparisons of the outcomes in f(R, T) gravity and bag constant has been done to comprehend
their roles. It is to be noted that the geometrical parameters of model 1 has been calculated [26], in
which ref the physical viability constraints of the model ignored in [68] has been considered.

In the model with B = A" in f(R, T), we found that it is physically viable for A < —1/4, n > —%.
It is also important to mention that when working with f(R, T) gravity, there are some additional
terms appearing on the right hand side of the field equations as compared to GR. Due to the coupling
of matter and geometry, those terms can be treated as some additional matter. If this coupling matter
is treated as matter, then it is physically viable for A > 0. They contribute as a cosmological constant.

The overall model depends on both the additional terms of f(R, T) gravity and bag constant B..
Hence if B, = 0, the model starts off with ultra-relativistic radiation, hence behaving the same as QM.
We can also observe that B, depends solely on the additional terms f(R, T) gravity. Then for some
values of A, the model describes a variety of matter including dust, quintessence and the cosmological
constant. We can conclude that f(R, T) gravity enables a transition from ultra-relativistic radiation
to the cosmological constant. In GR, i.e., A = 0, the model of course rely on the bag constant only.
Again, we can see clearly that the model starts off as radiation and later to all dynamical candidates
including phantom. Hence in this case, we can see that the bag constant enables a transition from
ultra-relativistic radiation to finally, phantom matter.

In the second model where the assumption H = k(AZB )~™,m,k > 0, has been considered, two
cases have been studied. The physical viability of the solutions has also been checked where in case (i)
for A < —3, 9k? > B2 the model is physically viable. In case (ii), all solutions are physically viable
forA < — %, B,k,m > 0. Then from the deceleration parameter we can chose the accelerating model.
For m = 3, for the constraints mentioned in case (i), again in this instance the model depends both on
the additional terms of f(R, T) gravity and the bag constant B,. This case shares the same features as
inmodel 1, i.e., f(R, T) gravity enables a transition from ultra-relativistic radiation to a cosmological
constant for some values of A. In GR, the model starts off with ultra-relativistic matter and ending in
phantom matter. In case (ii), where m # 3, the model behaves the same as in case (i). Except for A =0
(GR), it starts off from ultra-relativistic radiation, and then ends up with a semi-realistic EoS w > 0.

Since the metric potentials are independent of the bag constant or the additional terms of f(R, T)
gravity, the effective matter in model 1 will act as stiff matter. Again in case (i), it acts as stiff matter
also. Hence in case (ii), it starts from stiff matter to and ends with a semi-realistic EoS, w > 0, for some
valuesof 0 <m <3, 5,k > 0.
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