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ABSTRACT

As it is known that General Theory of Relativity does not explain the current acceleration of the
universe, so there are many attempts to generalize this theory in order to explain the cosmic
acceleration without introducing some dark components such as the Dark Energy. Because of the
crowd of models in literature, a need to check the models according to some criteria arises. In this
study, we analyze two classes of models by means of energy condition restrictions and illustrate
the analysis of those classes by graphical simulations. We consider the conservative and non-
conservative cases of two classes of f(R,T) models to perform the analysis. The results of the
viability of the classes are discussed and it is found that the value of the Hubble constant has no
effect on the viability of the models. Focusing on some general classes for the models, we restrict
them by means of the so-called energy conditions the energy-momentum tensor on physical
grounds. Besides, we find numerical values for coefficients of those classes of models.
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1. INTRODUCTION

Among the most interesting pursuits of
cosmology today are the dark components,
which are dark energy (DE) and dark matter
(DM) [1-6]. DE is a mechanism thought to exist in
addition to the standard matter energy content to
explain the accelerated expansion process in the
late time era of the universe, that is, since the
last four billion years. It is thought that the current
ingredients of the universe in terms of mass
energy content, quantitatively, should be 5%
baryonic matter, 27% dark matter and 68% dark
energy [7]. Observations such as Type-la
supernova observations, cosmic background
microwave anomalies, large-scale structure of
the universe, baryon acoustic oscillations, weak
lensing indicate cosmic acceleration [8-11]. The
observational discovery of the advanced
acceleration of the wuniverse has led to
interesting explanations that continue to this
day.

Instead of making various assumptions about the
matter energy content on the right side of
Einstein's Field Equations (EFE), G,, = kT, t0
explain the DE and DM issues, as an alternative,
it was considered to modify Einstein’s gravitation
theory by changing the geometric part on the left
side of the equation. These changes are
generally referred to as corrections to the Theory
of General Relativity (GR). They are considered
in two classes as early epoch (ultraviolet
corrections inspired from the electromagnetic
spectrum) and late epoch corrections (infrared
corrections) in terms of phases. As a result of
replacing the Ricci scalar R with an arbitrary f(R)
function in the Einstein-Hilbert action, Sgy =
1 o . .
;fR\/—_gd“x, it is possible to arrive at a new
theory of gravity, which can be an alternative to
the GR. It is also possible to obtain new
gravitational theories by using the curvature
invariants, which are the combinations of Ricci
curvature tensor R,,, Riemann curvature tensor
Rapea, @and Weyl tensor Cyp.q, @S arguments of
the function f. The theories f(G), f(R,G),
f(R,T), and f(G,T), where the Gauss-Bonnet
invariant that is defined as G = R? — 4R, R +
RapcaRCY, and the trace of energy-momentum
tensor T = g% T,, are used, are some of the
examples. These gravitational theories which are
established as alternatives to GR are called
modified gravitational theories [12-18]. In this
paper, we study two types of f(R,T) gravity
models and will study some other f theories in
future papers.

While EFE are quadratic, modified gravity
theories generally lead to fourth-order differential
equations. Because of their higher degrees of
freedom, such theories are mathematically more
complicated than GR, but they offer much richer
possibilities when dealing with DE, DM and other
cosmological issues. Modification of the GR to
four or more dimensions by using such curvature
invariants was attempted long before the DE
issue. The inadequacies of classical GR when it
comes to strong gravitational fields, on the one
hand, and the efforts to quantify gravity on the
other hand, necessitated importing such
invariants.

In this work, we first obtain the field equations for
f(R,T) models (In fact we reduce the more
general equations of f(R,G,T) gravity models
which we have already obtained [19] and will be
discussed in upcoming papers). Those field
equations are introduced for the both
conservation and non-conservation cases. In
each case the Lagragian in two choices as L,, =
p™ and L,, = —u™ generates a specific set of
field equations. And, within each choice we
represent the equations as two different
interpretations which are called 1st and 2n
INTERPRETATIONs. After these general
discussions we analyze the viability of two sets of
f(R,T) gravity models in the point of view of
cosmological constraints. We take into account
two models linear in R and vary by different ways
with respect to T such as f(R,T) =R+K; -
In(—T) and f(R,T) =R+ K, - (—T)Y. The object
of this work is analysing those models by
considering the energy conditions and then
discussing the models to find out the viable
values for the coefficients, powers and constants.

2. GENERAL DISCUSSIONS

We split the Lagrangian into two interpretations
as 1st INTERPRETATION and 2nd
INTERPRETATION, and consider two situations
of the standard matter as conservation and
nonconservation cases. In the formulae given
below w, wpg, O, U’/ g, Qp, Q577 j, s, H, q
represent state parameter of ordinary matter,
equation of state of dark energy, ordinary matter
density parameter, total effective matter density
parameter, curvature parameter, pressure
parameter, effective pressure density parameter,
jerk parameter, snap parameter, Hubble
parameter  and deceleration parameter,
respectively while ‘0’ in the subscripts denote
their current values. F,r,g, and t represent the
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dimensionless forms of the function f and the
parameters R,G , and T . The dimensionless
parameters R, I and T which are defined in the
text are also used in the formulae. The subscripts
denote the derivatives with respect to the

. . oF
dimensionless parameters, such as —=F, ,
3%F

or
— = E.., and for the current values of them, i.e.,
652
(5) lt=o = Frp and so on. Furthermore we
illustrate derivatives of R,G,T parameters with

recpect to time by R,G and T , while
dimensionless forms of them are obtained by

To = (=14 3w)Qp

*

—2(1 +w)[3(3 + Fyo) + FrroRi + Frgol5]

c2 . 2\ .. " 2\ .
w=(F)R. w=(ER w=(F)R, TS
* __ c* . *k i ~ _ K%c?
o (F)G’ZFZ - (H6)G’ T= (3H2)T’
K“c : o _ [(KZCT) m .

Tt = (3;1_3)T ™ = (3H4)T where c is the speed
of light, k2 is the Einstein coupling constant, R is
the Ricci scalar curvature, G is the Gauss-Bonnet
term, T is the trace of energy-momentum tensor.
With the selection of the Lagrange matter density
as L, = p™, let us collectively give the general
formulas;

* X
4>|Q»P
N—
D
=1

(1)

O T ¥ B—wW)Fo + 2(1 + W)Fuoto

- 21 +w)
0o =
[6 + (3 - W)Ft',O + 2(1 + W)Ftt,OTO]

To (2)

{{[-301+ a0 (3 + Fro)

+ 3(FuroR + FrgoTs + Fit0%5) + (FerroR5” + FirgoRoTs + FereoRo70)

+ (chr,oFo*iR’a + thg,orgz + FegroloTo + FeroRo + th,org*)]'[o

+[3(8 + Fpp) + FuroRy + Frg oo |75}[6 + (3 = W)Fy g + 2(1 + W) Fyp 070
- [(3 -w) (Ftr,OiRE + Figolo + Ftt,OTS)

+2(1 + W) (Feer,oRo + Feeg,ols + Feee076)To + 2(1 + W)Fy 075][3(3 + Fr)

+ FiroRo + th,org]'fo}

Qt.egf — 1
m
’ Fr,O

3)

1 1
[Qm,o + 3 1+ w)QpoFeo — 5 (Fo — FroRo — Fg,OFO) — (Frr oo + Frgolo + Fre075)

= 4(1 = Qu) (FyroRi + Fygols + th,org)] 4

1 1 2
taa',e()ff = F_{Wﬂm,o + 5 (Fo — FroRo — Fg,OFO) + 3 (Frr,om?) + Frgoly + Frt,ofé)

7,0

1 * 2 *2 *2 * * * * * *
+ 3 [Frrr,OﬁRO + Frggolo” + FrecoTo” + 2(Frrg,oinoro + FrreoRoTo + Frgeolo To)

8
+ Frr,OERZ)* + Frg,OFg* + Frt,OTS*] - §q0(Fgr,OiR8 + Fgg,or(; + th,oft*))

4
+ 5(1 — Qo) [FarroRe” + Fyggole? + FyreoTo” + 2Fgrg 0ReTG + 2F e o R

+ 2Fyg00T0To + FyroRe" + Fagols” + th‘ora*]} (5)

where:

Ry = 6(_% +1- Qk.o)
Ry = 6(—qo + Jo — 2 + 20y0)
5 = 6[as +8qo + 6 + 5o — 2Q40(q0 + 3)]
I = _24QO(1 - Qk,O)
I = 24[2q5 + 390 + jo — Go + 3q0) Q]

I" = 24[_2(13 - 15‘13 —12qo — 6qqjo — 6jo + So + (3(1(2> +12q, + 6j, — So)Qk,o]

TO = (_1 + 3W)Qm‘0

(6)
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On the other hand, for the sake of simplicity, we take the dimensionless variables r = Ry, g =T, t =
T, to analyze the models, in the softwares.

FO = Flt’:to = Flr:?%,g:l’b,t:ro = F(SRO’ FOFTO)
Fr 0 = E li=t, = Flr=gg,g=rot=1, = F.(Ro, T, 7o)

(7

For L,, = p™, 2 INTERPRETATION: the equations (2) and (3) takes the following forms while we
choose H = Hy;

1 1
Q:rfgf = Qo+ 3 A +wW)QpoFto+ (1 - Fr)(1 - Qk,o) - g(Fo — FroRo — Fg,OFO)
- (Frr,oma + Frg,OF(; + Frt,OTS) - 4’(1 - Qk,o)(Fgr,OiRS + Fgg,OF(; + th,OTS)(S)
teff 1 1
Qpy” = wlmo +3 (1-F0)(2q0 — 1+ Qo) + G (Fo — FroRo — Fyoly)
2
+ § (Frr,omg + Frg,OFg + Frt,OTS)
1 %2 %2 %2 * * % * %
+ § [(Frrr,omo + Frgg,OFO + Frtt,OTO ) + Z(Frrg,omoro + Frrt,omofo + Frgt,oro TO)
8
+ Frr,oma* + Frg,OF(;* + Frt,OTS*] - §QO(Fgr,OiR6 + Fgg,OFS + th,OTS)

4
+ § (1 - Qk,o)[Fgrr,Omaz + Fggg,orgz + tht,OT(*)2
+ 2(FyrgoRoTG + ForeoRoTy + Fageol3T3) + ForoRy + Fygols”
T Fyeoty] ©)

as well as 7* and t** does not change.
For L,, = —u™, 1stand 2" INTERPRETATIONS respectively,
., 31 +w)B+F)

10
6+ (1—-3w)F, (10)
—-6(1+w)(3+F)
= -1 6+ (1—-3w)F,]—-6(1 3+F,
3(1 + 3w)(F,R* + F, ,T* + F,.T°
+ ( )( tr tg tt ) ‘L' (11)
(B+F)
teff 1 1 * * *
Qo = F_o Qo — E(FO_Fr,OmO - Fg,OFO) - (Frr,omo + Frgolo + Frt,oTo)
T,
- 4(1 - Qk.O)(Fgr.Oma + Fyg0lo + th,ofé)] (12)

Q“ff=L wQ +1(1+w)n F +1(F — FroRo — Fy o)
P,0 F 'm,0 3 m,04t,0 6 0 7,040 g,0%0

7,0
2 * * *
+ 3 (Frr,oino + Frgolp + Frt,OTO)
+1[F R% + Frggols” + FreeoTs” + 2(FrrgoReTe + FrreoRoTs + FrgeoloTs
3 Lfrrro¥to rgg,0lo retoTo T ( rrg,0Nolo T FrreoFRoTo + Frgeo OTO)
8
+ Frr,OERa* + Frg,OFg* + Frt,OTS*] - §q0(Fgr,OiR6 + Fgg,or(; + th,oft*))

4
+ § (1 - Qk,o)[Fgrr,Omaz + F:qgg,ol—‘(;f2 + tht,OT(,;2

+ 2(FyrgoRoTe + ForeoRoT + Fugeol3T8) + ForoRe™ + Fagol”

+ Fygory']} (13)
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1
Qg = Qo+ (1=Fr0) (1 = Qo) = ¢ (Fo = FroRo = Fy,oTo) = (Frr,oR + Frg ol + Freo75)
—4(1 — Qo) (FyroRs + Fyg0Ts + FyeoTs) (14)
Leff 1 1 1
Qpy) =Wy + 3 (1 +w)QpoFeo + §(1 —F0)(2q0 — 1+ Q) + E(FO — FoRo — Fyol)
2
+ § (Frr,omg + Frg,OF(; + Frt,OTS)
+1[F Ro% + Frpg0ls” + FroeoTo” + 2(FrrgoReTs + FrreoRoTs + FrgroloTo
3 Lfrrro¥io rgg,010 retoTo T ( rrgoolo T FrreoRoTo T Frgeo oTo)
8
+ Frr,O%S* + Frg,OFg* + Frt,OTS*] - §QO(Fgr,0m6 + Fgg,OFS + th,OTS)

4 *2 *2 *2
+ § (1 - Q‘k,O) [Fgrr,omo + Fggg,oro + tht,OTO
+ 2(FyrgoRoTG + FyreoRoT + Fuge ToT5) + FyroRe™ + Fyg ol

F Fpori'] (15)
Wpg = G5 = ey (16)
DE Q:ne,gf _ Qm'o

(1) - (15) written for f(R,G,T) — gravity reduced For L,, = p™, 15t and 2" INTERPRETATIONS,

to f(R,T) — gravity. If the terms [y, [}, [;* which  the trace of energy-momentum tensor and

are related to G, and the terms F, , F,4,, ... which  derivative relations:

include derivative terms with respect to g are _

removed the reduced equations for f(R,T) are To = (=14 3w)Qyo 17

as the following: L 201+ W)[3(3 n Ft,O) n Ftr,OSRB] .
0 6 + (3 - W)Ft'o + 2(1 + W)Ftt,OTO

- -2(14+w)
64 (3 = W)Fyo + 2(1 + W)FyoTo]’
X {{[—3(1 +q0)(3 + Fro) + 3(Fer,oRs + Fre075) + (FerroR5” + FereoR575)
+ Fro Ry’ |70 + [3(3 + Fro) + FrroR5 |75} X [6 + B = W)Frg + 2(1 + W) Fyp 07
— [B = W) (FeroRs + Feeo7s) + 2(1 + W) (Frer,oRo + FreroTo)To
+ 201 + W)Fy0T5[3(3 + Fro) + Furo Wi 73]} (19)

For L,, = p™, 15t INTERPRETATION total effective mass and pressure parameters:

m,0

1 1 1
Qt.eff = F_ [Qm_o + § (1 + W)-Qm,OFt,O - g (Fo - Fr,omo) - (Frr,omg + Frt,OTS)] (20)
7,0

1 1 2
Q;,e()ff = [Wﬂm,o += (Fo - Fr,omo) +3 (Frr,om?) + Frt,OTS)
Fro 6 3
1
5 (o067 FragoT” + 2Frre oRoth + For o5 + Freott’)| @)
For L,, = p™, 2" INTERPRETATION total effective mass and pressure parameters:

1 1
QT = Qo + 3 (1 + W) oFro + (1= Frg)(1 = Qo) — A (Fo — Fro%Ro)
- (Frr,omg + Frt,OTS) (22)
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1 1 2
0 = Wi +3 (1= Fo)(240 = 1+ Qo) + 2 (Fo = Froo) + 3 (FrroR + Freo7t)

1 *2 *2 * * k¥ k%
+ 3 (Frrr,OmO + Frte0T0" + 2Fre0R0To + FrroRo™ + Fre 070

Before proceeding the tests of the models, it
would be better to briefly remind the outcomes
based on the continuity equation in

(e + flp™ +3HA +w)p™] =

1 o
-5 A —w)p"fr — A +wWu™fr  (24)

with the assumption of conservation of standard
matter, the form of general function f(R,G,T) is
given by

1
w = —3 = f(R,GT)

= K, In|T| + (R, G) (25.a)
w# i% = f(R,G,T)
= K,|T]” + (R, ) (25.b)
Here,
_ 1+3w
V=20 +w) (26)

constrained to
provided that the

fR,G,T) = ¢(R,G) +y(T)

2624+ B —-W)fr + 20 +WT frr 20 (27)

condition is valid. The relations argued can be
expressed as (28-30) in the language of
dimensionless variables,

6 + (3 —_ W)Ft,O + 2(1 + W)Ftt,OTO +* 0 (28)
(a) : ’/
03 //
A 143w
ST 2(14w)

(23)
F(r,t) = ®(r) + ¥(t) (29)
Y(t)
K; In|t| for w=—=
= 3 (30)

K, |t] f e] ! 1[u]1 1]
2 WEIT33 [z

Here, the exponent y was not arbitrary, but
connected to w by the relation (26),

1+ 3w

21+ w) (1)

|4

and the changes of y=y(w) and w=w(y)
functions are given in Fig. 1 [19]. As can be seen
clearly from these,

el Lol o e o] oo

Although the dimensionless coefficient K is
arbitrary, but must satisfy (28) which is the
existence condition of t; and t3* for a given
value w or y. According to this, if (28) is
evaluated for (30), the following restrictions exist
for K.

1) Forw = —;, it is found that K is constrained in
the form

K # 60y, = K;# 186 (33)
when the derivatives of the function W(t) =
K In(—t) are placed in (28), since in the present
timet =t,, to = 79 = —20,,0 < 0.

Fig. 1. For L,, = p™, 15t and 2" INTERPRETATIONSs, in the case of conservation of standard
matter, (a) the change of (y,w) and (b) the change of (w,y). In the Fig. 1.(a) the points (w,y) =
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1 13 . . . .

(—5,0) and (E'Z)’ and in the Fig. 1.(b) the points (y,w) = (0 ——) and ( )are illustrated by
circles to show that they are excluded. For —§ <w< % or(0<y< Z) the T < 0; and for w = § or
(y=%)theT=0andfor§<ws+10r(%<y£+1)theT>0
2) Since in the interval of —% <w <§ (=> 0<y< %) tois to =79 = (=14 3w) Qo < 0 for ¥(¢) =

K (—t)Y (28), with the use of (26 and 34),

2y —1
2y —3

gives the constraint

4y — 3\
4 ) X

3
K#3(—t)!Y 5 K %2 (062 o

after the needed adjustments.

6(1+w)
1+ 3w

(34)

2(1-w)
[0.31(1 — 3w)] T+w (35)

3) For ¥(t) = K (t)Y in the interval of % <w<l1 (=> % <y< 1) in a similar way, the constraint

3
K#-3@)"7"=>K ——(—0.62
* —3(70) * ” 2y =3

is found. In particular, for the value equals to 1
(y=1), Y(t)=Kt with K+ -3 since 1, =

2Q,0>0. In the language of dimensional
magnitudes, this indicates that for w=1, a
functional form (T) = —k2T cannot exist.

Nevertheless, a function in the form ¥(T) =
—Ak?T (A # —1) is possible, but it is also
for only and only w=1. Fig. 2 shows all
forbidden values of K in terms of y and w for (30)
[19].

3. DISCUSSIONS ABOUT THE MODELS
AND CONCLUSIONS

Model 1: F(r,t)=r+ K{ln(-t) ,
(L, = p™ and conservation valids)

1
w=—-
3

We list the results of the calculations regarding
the 1st INTERPRETATION of the sizes included
in the equations (17 - 23) below, in terms of K,
by taking Q,, as the free parameter (In a 10~*2
sensitivity calculation, some numbers were
rounded up to ten thousandth digits). Fig. 2
shows the energy conditions:

Ry = 10.86 — 6Q
Ry = 5.82 + 120,

= —26.280,, — 0.2634

4y — 3)1‘V
=

80w 201-w)
<13, (0316w - DI 't (36)

To = _062

. 0.8267(3 — 1.6129K,)
fo = T 10753k,

.. 0.3333(—32.5872 + 35.0400K; — 9.4194K2)
to = (2 — 1.0753K5)?
F, = 10.86 — 60, — 0.4780K,
FT',O = 1
Frr,o =0

Ft,O = _1.6129K3
Fyeo = —2.6015K,

Fieeo = —8.3918K,

teff _
Qs =0.3100 — 0.0314K;

Q57 = -0.1033 - 0.0797K,

NEC:0.2067 — 0.1111K3 = 0
WEC:0.3100 — 0.0314K3; = 0
SEC:1x 107 —0.2705K; < 0

DEC:0.4133 + 0.0482K; = 0
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Considering the condition (33), we find the
coupling constant K; , which is the common
solution of the above inequalities, which is the
expression of the 15t set of conditions, restricted
by the interval 3.69745393711x 10711 < K, <
1.86. The following graphical representation also
confirms this [19]. In this F(r,t) model, the value
of wpgo , which is the measure of
superacceleration, is Wpeo =
—(9.54244679439 x 10~ /K,;) + 2.53423955351
and requires a fine-tuning such as —1.2 < wpp <
—0.8 and 0 < K; < 2.69999999998 x 10~11 for

\ {a)

———

.

2.555392244570 x 107 < K, <

2.86195596964 x 10™1*  and  wppo < —1
Considering that current observational data do
not have such sensitivity, it is important to notice
that this range is not meaningful. Related to this
model, let's note as a final point that: the results
are independent of the parameter in calculations
made without attributing a value to Q. On the
other hand, since the model we have dealt with is
of type f(R,G,T) =R+ F(T), the 15t and 2™
INTERPRETATIONs are equivalent to each
other.

(b)

Fig. 2. For the function in (30): all forbidden values of K, 2.(a) according to y and 2.(b)
according to w. Red curve is drawn using (35); the blue curve is drawn using (36). In 2.(b), the
coordinates of points A and B are (-0.33, 1.86) and (1, —-3), respectively. The small empty
circles show the y and w values for which the function is not defined. Let us emphasize that

Y(t) = KIn(—t) and K + 1.86 are for w = —%; while ¥(t) = Ktand K # —3 areforw =1

F(ryt)=r+K,In(-z) , 1stand2ndINT.

[
L

7
nérgy conditions

¢
L
“.. /I
=/

Y

WEC < SEC — DEC

== NEC

Fig. 3. For model F(r,t) = r + K, In(—t), the

energy conditions in the case of w = —%

where the standard matter is conserved.
Model 2: F(r,t) =1+ Ky(—t)¥, -3 <w<; ©

0<y< % (L,, = p™ and conservation valids)

We first study the testing of this model under the
1st INTERPRETATION, again considering the
Q.o parameter as free. Because their
expressions are overly complex, we prefer not to
write the relevant equations and show the results
only with graphics. We show the results in Figs. 3
and 4 by taking the K, parameter in the K, €
[-10,+10] interval and the y parameter in the
y €10,0.75[ interval, respectively, with the steps
AK, = 0.2 and Ay = 0.01, and taking into account
the relation between y and w in (26), and also
adding the restrictions to the 15t and 2" sets of
conditions in (35). In Fig. 4, for some selected
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special values of K, in the interval of [-10, +10]:
the changes of NEC, WEC, SEC and DEC
according to the exponent y and the change of
Wk o are shown [19]. The other, it is independent
of K in accordance with the wpgy=
(y — 1.5)(4y — 3)/2(y? — 3y + 0.25) result. It is
understood from the aforementioned graphs that
there are (K,,y) pairs that satisfy the 15t set of
conditions and none of them contain super
acceleration. We create Fig. 5 to both clarify the
pairs in question and to see if the 2" set of
conditions is satisfied. From here, it can be seen

Flr,t)=r—10(-0)7
r
i
2 I
" S
” N
" ;
w1 o
2 -
g e — u NEC
:E __,--”/ WEC
80 S N—— | L] SEC
E‘i 01 02 03 04 05.206 0.7 |—DEC
g Y
-1
-34
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that the 1%t set of conditions restricts the widest
interval of definition, which is 0 <y < 3/4 = 0.75
fory, to 0 <y < 0.56 for each K, < 0; and the
2 set of conditions restricts 0 <y < 0.25.
These intervals correspond to the —1/3 <w <
+0.064 and -1/3<w<—-1/5 ,
respectively, in accordance with (34). Let us note
that the results obtained for the model in
guestion are also identical for the 2
INTERPRETATION and independent of the
value of Q.
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Fig. 4. Variations of NEC, WEC, SEC and DEC for F(r,t) = r + K,(—t)? with respect to y for
some selected specific K, values. In the right bottom panel, there is the change of wyg,
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regardless of K,. As can be seen, for the interval 0 <y < %‘ It is always wpgo > —1, that is,
there is no super acceleration

0.1

Fig. 5. The pairs (K,,y) that provide the 15 set of conditions (pink-looking region+only red
zone) and the 2"? set of conditions (pink-looking region). The ratio of the number of models
providing the 2"¢ condition set in the interval (—=10 < K, < 0) X (0 <y < 0.56) to that of the 1%
condition set is: 1233/2444 = 50.5%

4. CONCLUSION

For the first model, considering the condition
(33), we find the coupling constant K;, which is
the common solution of the above inequalities,

which is the expression of the 1%t set of
conditions, restricted by the interval
3.69745393711 x 10711 < K; < 1.86 The

graphical representation in Fig. 3 also confirms
this. In this F(r,t) model, the value of wpg,,
which is the measure of superacceleration, is
Wpgo = —(9.54244679439 x 1071 /K,) +

2.53423955351 and requires a fine-tuning such
as —12<wp; <-08 and 0<K, <
2.69999999998 x 10711 for 2.555392244570 X
10711 < K; < 2.86195596964 x 107! and
Wpgo < —1 Considering  that  current
observational data do not have such sensitivity, it
is important not to find these value ranges
meaningful. Related to this model, let's note as a
final point that: the results are independent of the
parameter in calculations made without
attributing a value to Q,. On the other hand,
since the model we have dealt with is of type
f(R,G,TY=R+F(T) , the 1% and 2™

10

INTERPRETATIONs are equivalent to each
other.

Related to the second model, variations of NEC,
WEC, SEC and DEC with respect to y for some
selected specific K, values are obtained in the
Fig. 4. As can be seen, for the interval 0 <y <
3/4. It is always wpg, > —1, that is, there is no
super acceleration. The pairs (K,,y) that provide
the 1st set of conditions and the 2" set of
conditions are identified in the Fig. 5. Besides the
ratio of the number of models providing the 2
condition set in the interval (=10 < K, < 0) X
(0 <y <0.56) to that of the 1%t condition set is:
1233/2444 = 50.5%.

As a last remark, let us repeat that, in the
General Discussions part of this work, the
equations for f(R,T) models are obtained for
conservative and non-conservative cases and for
two interpretations and also for both L,, = p™
and L,, = —u™ cases. Besides w and wpy are
obtained for them. The change of parameters of
the functions are obtained by the change of the
others. Moreover, the satisfaction of the energy
conditions are also restricted to be viable by



simulations and by that way the
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range of

values for the parameters of the functions are
found.
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