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Abstract—In this paper we consider the equation of motion for
the F'(R,T) gravity on their property of conformal invariance. It
is shown that in the general case, such a theory is not conformal
invariant. Studied special cases for the functions v and w in which
can appear properties of the theory. Also we consider cosmological
aspects F' (R, T) theory of gravity, having considered particular case
F(R,T) = pR+vT?. Showed that in this case there is a nonlinear
dependence of the parameter equation of state from time to time,
which affects its evolution.
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I. INTRODUCTION

OSMOLOGICAL  phenomenon of the current

accelerated expansion of the Universe is consistent
with recent observational data such as observation of
supernova [1], the large-scale structure [2], [3], baryon
acoustic oscillations [4], the cosmic microwave radiation [5]
and weak gravitational lensing [6].

To describe the accelerated expansion of the universe,
there are several models such as k-essence model [7], the
modified theory of gravity [8], [9], the holographic model
of dark energy [10]. There are a huge number of theories
describing different effects in cosmology and gravitation. To
describe some require certain symmetry conditions such as
Lorentz invariant so-called general covariance and conformal
invariance. This invariance is a fundamental property of
space-time. For other effects, these conditions can not be
satisfied. For example, the conformal symmetry can be broken
at the quantum level. Earlier question is conformal invariant
theory of gravitation was considered in [11]- [13]. One new
feature is the theory of gravitation theories F' (R, T) gravity
proposed in [14]. It is interesting to explore its properties.

II. EQUATION OF MOTION IN F' (R, T') GRAVITY

We consider, action proposed in [9], for F' (R, T) gravity

S = /d‘*:m/—g [F (RT)} , (1
with the metric Friedmann-Robertson-Walker
ds* = —dt* +a* (1) (dx2 +dy? + dz2) . )
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Introducing the undetermined Lagrange multipliers, we obtain
the Lagrangian corresponding to the action (1)

L= (F—F;T — FaR+ Fpo+ Fau)a® — 3)
—6(Fp — Ff)&Z(Al — 6(FRRR + FRTT)éLdQ
where R = u+6 (% + ﬂ) — the curvature of space-time,

&2
T = v+ 6% — torsion of space-time, u and v —
functions depend on the scale factor and its derivatives, but
clearly independent of the time. Applying the Euler-Lagrange
equation

d 0L 0L
20 @)
dt 0¢  9Jq
and the condition that the total energy of the system
OL
—q¢—L=0 5
%G, q ®)

to (4), we obtain the equations of motion for our system.
Conformal transformation of the metric g,,,, in another metric

Guv
24 Ty
Guv =0 Guv sV — =0Q —g. (6)
In general form for an arbitrary metric conversion scalar
curvature and torsion scalar have the form

R=0%*R+60InQ 63, InQ9"nQ), (7)
T =0T — 49‘18“QTPW +6Q729,Q0"Q. ®)
where [ — D’Alambertian operator in the new conformal

frame in four-dimensional space-time.
Then, taking into account the (2) conformal transformation
of the metric (6) takes the form

a=0Qa,a® = Q%5 9)
Accordingly, expressions for the scalar curvature, torsion and

the Lagrangian for the case of metrics FRW transformed to
the form

: . @ 60
R—u+6(H+2H2>+6<Q2—Q—4Q > (10)

R O 02

_ 2 ) & S
T =v+6H +6(29H Qz>’ )
L=Q %F — FtT — FrR + Fru + Fru)a® —  (12)

—6Q~4(Fg — Fp)a*a — 6Q Y (FrpR + FroT)aad® +
+(6Q7502 Fp — 240702 Fp +

6Q °Q(FrrR + FrrT))a® —

—6Q7°Q(3FR + 2Fr)aa’.
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Obtain the equation of motion for our system after making a
substitute in (4) and (5) according to (9).

A. Case u=u(a) and v =v (a)

We set u = u(a) and v =
elementary calculations we obtain

v (a), then performing

—2p=—F+ A Fr+ AsFp + (13)
+B1Frr + BoFrr + BsFrr + BaFrr +
+C1Frrr + CoFrrr + C3F TR + CuF T
Fo o A =162% 5 (14)
B 70 Q2
Q _a a2 a
—6— 2* 4* — Ua,
6Q + + u 3 )
Qa 02 Q a
F i Ay =—-16——+14— —4— +4— 1
T 2 6Q + 02 0 + p + (15)
a2 a
+472 Uagv .
a Q.
Fpn i Bi=—ASR—4JR 2R (16)
Frp o« By—a%7 497 (17)
a Q )
0.
Frp : Bs—= 42T — 42 7 _of (18)
a 'Q
Frrn : By—=4%R—4 R (19)
a Q
FrRR C1 = —2R?, (20)
Frrr Cy = —2RT, 1)
Frprr @ Cs;=—2RT, (22)
Frrr @ Cy=—2T7 (23)
—2p=—F+ D1Fr+ DoFr + E1Frr + ExFrr  (24)
i 0?2
Fr @ Di=62—24c, (25)
-2 QQ
Fr : Dy— 12— + 65 (26)
) 0.
Fon © B =6 R+ 6ok, @7)
0%
0. Q.
Frr : Bs—=6ST +6=T. ©8)
a Q

B. Case u=u(a) and v ="v(a)

We set v = wu(a) and v =
elementary calculations we obtain

v(a), then performing

—2p=—F+ A Fr+ AsFp +

+B1Frr + BoFpr + +BsFrr + BaFrp +
+C1FrrR + CoFrpr + C3FRTR +
+CaFrrr + C5FRrRR

(29)

Q Q
FR : AlzR—’U,—54 —6— +6Lua—

30
' o2 % (30)
i aQ 4Q
42 + 435 + 30 + —augy —
au + 19u
3 a 3 a aa
32
Fr Ag:T—U+14@—4Q+ava+ (31)
a2 a a 40 Q
24— — 4= — v, + - —aug —
+a?+ e SQGU +3Qau
BELL a, , la
3 Qava .gavaa 3Ua 3 vaaa
.0 .. a 1.
FRR Bl =—4R— —2R—4— + fRau,-l, (32)
S_) a 3
. Q) ; 1 .
Frr : Bo—= —4T— +4%T 4 ~aTu,, (33)
Q a 3
Frr @ Bs=—AR- — 47—~ —of —4%T 1+ (34
Q Q a
b1 .1 .
+49R + —augT + —avy R,
a 3 3
FRrrR C, = —2R?, (35)
Frrr : Cy = —4RT, (36)
Frrr : C4 = —2T7? (37)
—2p=—F+ D1Fr+ DyFp + E1Frr + ExFrr (38)
Q2 .
Fp : D= 2492 T aug + 69, (39)
32
Fr : Dy=—6gq; +avi+ 127 (40)
Q.
Frr : Ei= 76§T, (41)
Q.
Fry By = 65 1. (42)

III. COSMOLOGICAL SOLUTIONS

In this section we consider F'(R,T') gravity and show, what
obtained models which can be based on F(R,T) theory of
gravity and able to describe evolution of universe. For this we
consider a special case

F(R,T) = pR + vT?. (43)
Rewrite (4) as follow
L= (F — FrT — FrR+ Frv + Fru)a® —
—6(e1 Fr — e2Fr)a’a — 6e; (FrpR + FrrT)aa®  (44)

where €; €3 — constants, depending on the signature of the
metric. They may take the following values e; = —1 and
€o = —1, or ¢ = 1 and e5 = 1. After substituting (44) and
(43) in (4) we obtain the equations of motion for the scale
factor a

Ap +2Bv 4 20vT — D(vR + vT?) =
Eu+2FvT — G(vR + uT?) =
p+3H(p+

6a’p,
2a°p, (45)
p) =0,
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where
A = 1260* + 6610 + 36%au; + @y — aug, (46)
B = 12&Taa+ aToy, (47)
C = 24a* +124a + 3a%av, + a*v; — alvs,  (48)
D = -3, (49)
E = 6€1dé + a?’uéé, (50)
F = 12eaa” + a’vga, (51)
G —a®. (52)

After simple transformations of equations (45)-(46) we obtain
the following expression for the energy density and pressure,
respectively

a
2
—x <3H2+3H) +662HTV+3&(ya —y)+

3eH? — = (5 —y) = p,

+a(g; —va) =p,  (53)
p+3H(p+p) =0
where © = up + 3vTv y = e p+ 3exTv.
Then the parameter equation of state takes the form
20H — 6o HTv — &(i5 — x4
w=l oy BRIy =gl maa) gy,
p 3xH? — S(x; — x)
Sugesting in (56) x = 0, we have
we P o gy SeHTY = §(d — ) (55)
p S(x; —x)
A. Example 1

We sugest that x = adl and e = 1 then the parameter
equation of state takes the form

P - 36HT + ala'

w===— - 56
P 3ax (%6)
It follows that if
36HT + old! =0, (57)
then w = —1. This value corresponds to the state ACD model.

The numerical solution of the equation (57) for « > 0, 1 < 0
is shown in Fig. 1 with the initial conditions a(0) = 107?,
and @(0) = 107'°. The Fig. 2 shows the evolution of the
deceleration parameter ¢ = —ad/a over time.

a
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3x107
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Fig. 1 The time dependence scale factor a.
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Fig. 2 The time dependence deceleration parameter q.

B. Example 2

Now we discuss the case where the scale factor varies
according to a power law & = aot". Then the system (53)
takes the form

: abkl
3xn*t~2% 4 2ont 2 — 36€2n3t~1 — ao?t”(l“)_l =,
Al k
3znt2 — %t”l =p, (58)
p+3H(p+p)=0.
Parameter equation of state

Al
2znt~2 — 36e3n3t—4 — a"Tklt”(lH)_l

w=-1 —
3znt—2 — %kt"l

(59)

provided that t — oo

l
w=—-1+-t""1

3 (60)

IV. CONCLUSION

Thus we have shown that there are additional terms
in the equations of motion in the case of metric
Friedmann-Robertson-Walker which modify it. That is,
F (R,T) gravity is not conformal invariant, but picking
function are essential u and v we can find a combination
in which these additional terms disappear. We also show
that ' (R,T) gravity model able to describe the accelerated
expansion of the universe. It will focus on further research.
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