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Abstract. Now exist several alternative cosmological models that describe observable
properties of our universe. In particular, it is such models as F(R) and F(T) gravity. We
consider properties of their generalization as F'(R,T) model of gravity with kessence. We
obtained some exact solutions of particular cass of scale factor a for general formof the F(R,T)
functions with scalar field. These solutions describe the accelerated /deccelerated periods of the
universe.

1. Introduction

The discovery of the accelerated expansion of the universe requires the modernization of
cosmology. As one of the way for the description, this cosmic acceleration is assumed to appear
due to matter usually called Dark Energy with negative pressure (DE). But this DE has not yet
been discovered. To explain this phenomenon, many theoretical models have been proposed,
such as k-essence [1], [2], f-essence [3], [4], [5], [6], [7], & -essence [8], [9], [10] etc. In addition,
Modified gravitational models are interesting like F(R) gravity, F(G) gravity, F(T) gravity
etc [11], [12],[13], [14], [15] [16]. For investigation of quantum and general gravity theories is
interesting to investigate generalization of gravity as F(R,T') gravity with k-essence, where R
is the scalar of curvature and T is scalar torsion.

2. F(R,T) gravity
The action of modified F(R,T) gravity has the following form [11]:

S = / V=gd'z[F(R,T) + L), (1)

where

T = €S, TP, +v.
Here L,, is the matter Lagrangian, that for k-essence we can rewrite as L, = K = X —V (),

€; = £1 is signature, R is the curvature scalar, T' is the torsion scalar and X = —% g 0,00,
where - scalar field.
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3. f(R,T,X,p) gravity

For action of modified gravity in the most general form we consider here F(R,T) as
f(R,T,X,p) = F(R,T)+ CxX + C(p) gravity within the framework of FriedmannRobert-
sonWalker (FRW) metric, with line element ds? = dt? — a(t)?(dz? + dy? + dz?) as

a  a? a? 1
S:2w2/dta3{f(R,T7X,g0)—)\1 [R—u+6<a+a2>] — A9 [T—v+6<a2>] — A3 [X—f,bﬂ}.
(3)

Here u, v -some function of a, a.
For this signature we have

R = u—6(H+2H?), (4)
T = v—6H? (5)
X = & (6)

Hereafter denoted f(R,T,X,¢) as F. By varying the action with respect to R , T" and X,
one obtains

A1 = Fg, Ao = Fr, A3 = Fx. (7)

Here Fg is derivation of F' function by R, Fr is derivation of F' function by T'and F'x is derivation
of F function by X. After an integration by parts, the point-like Lagrangian have the following
form

L = &®[F—(R—u)Fgr— (T —v)Fr| +6ad®[Fr — Fr] +

1
+6a%a [RFRR +TFpr + XFrx + @FRW} — &*Fx [ X - 2902} (8)
4. The Noether Symmetries
For this Lagrangian Noether symmetry condition we will write as
XL =0, (9)
here
0 0 0
X = — — 4+ 0= +e—
5 R T T%x Tap T
8 . 8 .0 8 8
+a + B—= + 00—+ é— 10
da ﬁaR of " "ox " “og (10)
The functions «, 3,7, d, € depend on the variables a, R, T, X, ¢ and then
a = aad+aRR+aTT+aXX+a¢gb, (11)
B = Pai+BrRA+BrT + BxX + B¢, (12)
gl Yal + YRR +7T +7x X + 79, (13)
6 00t 4 SRR+ 07T + 6x X 4 0,0, (14)
€ = ead+eRR+eTT+eXX+ewgb. (15)

Using this we can receive:
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+ea[Fry — Pry| + ag2a [Fr — Pr] + Baa®Frr + 720> Fri + 0,0* Frx + €,0*Fr,)a* +
+R*6apa’Frp + T*6a7a® Frr + X%6axa®Frx + gb2(e@a3FX + 6a¢a2FR¢ +

3 1 1 1 1
+Oé§a2FX + ﬁiagFXR + 7§G3FXT + (5§a3FXX + €§GSFX¢>) +

+6LR6a(ﬁaFRRR + vyaFRrrT + 6aFrpx + eaFRmp + 2ap [FR — FT] +

+(oqa + Bra + 2a) Frr + YraFrR + 0raFRX + €RaFR,) +
—i—aTGa(ﬂaFTRR =+ ’yCLFTRT + 6aFTRX + 6aFTR<p + 2ap [FR — FT] + (oaaa + 2o + 'yTa) FTR =+

+6raFrr + draFrx + ETaFR¢) + dX6a(2aX [Fr — Fr] + aBxFrr +

+avyxFrr + BaFrxr +vaFrxT + daFRxx + ECLFRXSO + (2a + aqa + 5Xa) Frx +

—i—eXaFR@) + c'up6a(2a¢ [FR — FT] =+ aﬂ(pFRR + a*waTR + €4
+2aFg, + BaFRryr + YaFRryr + 5aFRng + €aFRypp + agaFRr, +

2

6

+5¢CLFRX + GWGFRSA,) + RTGOLQ(QRFTR + aTFRR) +
+RX6a2(aXFRR +arFrx) + 6TXCL2(O[XFTR +arFrx) +
+R<,ba2(60z<pFRR + eraFx + 6arFRy,) + Tgb(6oz¢a2FTR +

+era®Fyx + 604Ta2FR¢) + ng(exa?’FX + 6aXa2FR@ + 6a¢a2FRX) +

1
+3a%a |F — (R—u)Fr— (T —v)FPr + 3¢ (ueFR +vaFr)| +

+8a® [—(R — u)Frp — (T — v)Frg] + va® [-(R — u)Fpr — (T — v)Frr] +

a
—Fx +

+0a® [~ (R — u)Frx — (T —v)Frx] + €a® [F, — (R — u)Fry, — (T — v) Fry] +
+a? [ugFr + v Frr] (o, + Rap + Tar + Xax + Pory) —
— (Oé3FX + BCLF)(R + ’)/anT + (SaFXX + E(ZFX@) Xa2.

From a Noether symmetry we have:

-2

a
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-2

o
aR -
al -
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(o + 2a0y) [Fr — Fr]+ a[faFrr + vaFrR], —
—BaFrr —yaFry =0,
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g
e¢a+a2 ,
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2

a
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Ry : 60,0’ Frp + epa®Fx = 0, (29)
T¢: 6a,a’Fri + era®Fx =0, (30)
X¢: exa®Fy =0, (31)

1
3a |F — (R—u)Fr— (T —v)Fr + ga(uaFR + v, Fr)| +
+Ba[—(R—u)Frr — (T —v)Fre] + ya[—(R —u)Frr — (T — v)Frr] +
+aaga [ugFr + v Fr] + ba,a [uaFr + vaFrr]) +
+Raga [uaFr + v Fr] + Tara [uaFr + v Fr] +
+XaxaugFr +vaFr] + ea[F,] — (a3Fx) X = 0. (32)

5. The Noether Symmetries Solution
First variant for solution we have find for Frr = Frr = Frx = 0, and solution of this is a linear
equation F' = s1(p)R + s2()T + s3() X + s4(p).

Second variant for solution we have find for agp = apr = ax = 0. In general the solution here
will have this form:

F(R,T, X, ) = F' (C1(p)R + Co(p)T) + Cx X + C(o). (33)

Than we can rewrite solution for action in most simple form as

S = /\/—gd4:v[ost + BT + au+ fv + L] = /\/—gd4x[aRs + L), (34)
where L,, = au + Bv + Ly,.

Here L,, : p,p rewritten as L,, : p, D.
Then the action we rewrite as

5= / V=gd'z[aR + BT + Ly]. (35)
For Friedman - Robertson - Walker (FRW) metric we can write density p and pressure p as

p = 3H? (36)
—p = 2H+3H?,

The solution we look far as a = agt™, where n is constant. Than, since we solve the system for
k-essences, we has

_ — (2-3n)n
p = =K = e (37)
B — _  3n?
Solving these equations we obtain
— 3n —2
K- Bno2n (38)
012X 2-3n
2(2—3n) 2(2—3n)
X = :Cl 1-3n ¢ 3n—-1 |
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6. Conclusions
We considered the generalization of F[R, T gravity with k-essence and found the exact analytical
solution for this model.
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