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Abstract

In this report, we consider a theory of gravity with a metric-dependent torsion namely
the F(R,T) gravity, where R is the curvature scalar and 7T is the torsion scalar. We study
the geometric root of such theory. In particular we give the derivation of the model from the
geometrical point of view. Then we present the more general form of F(R,T) gravity with
two arbitrary functions and give some of its particular cases. In particular, the usual F(R)
and F(T) gravity theories are particular cases of the F'(R,T) gravity. In the cosmological
context, we find that our new gravitational theory can describe the accelerated expansion of
the Universe.
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1 Introduction

In the last years the interest in modified gravity theories like F(R) and F(G)-gravity as alternatives
to the ACDM Model grew up. Recently, a new modified gravity theory, namely the F(T')-theory,
has been proposed. This is a generalized version of the teleparallel gravity originally proposed
by Einstein [13]-[24]. It also may describe the current cosmic acceleration without invoking dark
energy. Unlike the framework of GR, where the Levi-Civita connection is used, in teleparallel
gravity (TG) the used connection is the Weitzenbdck’one. In principle, modification of gravity
may contain a huge list of invariants and there is not any reason to restrict the gravitational
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theory to GR, TG, F(R) gravity and/or F(T) gravity. Indeed, several generalizations of these
theories have been proposed (see e.g. the quite recent review [9]). In this paper, we study some
other generalizations of F'(R) and F(T) gravity theories. At the beginning, we briefly review the
formalism of F(R) gravity and F(T) gravity in Friedmann-Robertson-Walker (FRW) universe.
The flat FRW space-time is described by the metric

ds? = —dt? + a2(t)(da? + dy? + d2?), (1.1)

where a = a(t) is the scale factor. The orthonormal tetrad components e;(x*) are related to the
metric through

uv = Wijeleju ) (12)
where the Latin indices 4, j run over 0...3 for the tangent space of the manifold, while the Greek
letters p, v are the coordinate indices on the manifold, also running over 0...3.

F(R) and F(T) modified theories of gravity have been extensively explored and the possibility
to construct viable models in their frameworks has been carefully analyzed in several papers (see
[9] for a recent review). For such theories, the physical motivations are principally related to the
possibility to reach a more realistic representation of the gravitational fields near curvature singu-
larities and to create some first order approximation for the quantum theory of gravitational fields.
Recently, it has been registred a renaissance of F(R) and F(T') gravity theories in the attempt to
explain the late-time accelerated expansion of the Universe [9].

PROBLEM:

Construct such F(R,T) gravity which contents F(R) gravity and F(T) gravity as par-
ticular cases.

In the modern cosmology, in order to construct (generalized) gravity theories, three quantities
— the curvature scalar, the Gauss ~Bonnet scalar and the torsion scalar — are usually used (about
our notations see below):

R, = ¢"Ru, (1.3)
Gs = R?—4R™R,, + R"" R p0,
T, = S,"™Tr,,. (1.5)

In this paper, our aim is to replace these quantities with the other three variables in the form

R = u_;'_g;UVRHV7 (16)
G = w+ R2 - 4RHVR;,LV + RuypaRquaa (17)
T = v+S8,"T?,,, (1.8)

where u = w(xy; gij, Gij» Gijs -3 [i)s © = V(X5 Gig, Gij» Gigo - 95) and w = w(w4; Gij, Gig, Gijs -3 hj) are
some functions to be defined. As a result, we obtain some generalizations of the known modified
gravity theories. With the FRW metric ansatz the three variables (1.3)-(1.5) become

R, = G6(H +2H?), (1.9)
Gy = 24H?*(H+ H?), (1.10)
T, = —6H? (1.11)

where H = (Ina);. In the contrast, in this paper we will use the following three variables

R = u+6(H+2H?), (1.12)
G = w+24H*(H + H?), (1.13)
T = v-—6H> (1.14)

Finally we would like to note that we expect w = w(u,v). This paper is organized as follows. In
Sec. 2, we briefly review the formalism of F(R) and F(T)-gravity for FRW metric. In particular,



the corresponding Lagrangians are explicitly presented. In Sec. 3, we consider F(R,T) theory,
where R and T" will be generalized with respect to the usual notions of curvature scalar and torsion
scalar. Some reductions of F(R,T) gravity are presented in Sec. 4. In Sec. 5, the specific
model F(R,T) = uR + vT is analized and in Sec. 6 the exact power-law solution is found; some
cosmological implications of the model will be here discussed. The Bianchi type I version of F(R,T)
gravity is considered in Sec. 7. Sec. 8 is devoted to some generalizations of some modified gravity
theories. Final conclusions and remarks are provided in Sec. 9.

2 Preliminaries of F(R), F(G) and F(T) gravities

At the beginning, we present the basic equations of F'(R), F(T) and F(G) modified gravity theories.
For simplicity we mainly work in the FRW spacetime.

2.1 F(R) gravity
The action of F(R) theory is given by

Sp = / dze[F(R) + L, (2.1)

where R is the curvature scalar. We work with the FRW metric (1.1). In this case R assumes the
form

R =R, =6(H +2H?). (2.2)
The action we rewrite as
Sp = /dtLR7 (2.3)
where the Lagrangian is given by
Lp = a®(F — RFR) — 6Frad® — 6FgrRa’a — a®Ly,. (2.4)

The corresponding field equations of F(R) gravity read

6RHFrr — (R—6H>)Fr+F = p, (2.5)
—2R?FrrR + [-4RH — 2R|Frgr + [-2H? —4a ‘4 + R|Fr — F = p, (2.6
p+3H(p+p) = 0. (2.7

2.2 F(T) gravity

In the modified teleparallel gravity, the gravitational action is
Sr = / d*ze[F(T) + L), (2.8)

where e = det (ei) = 4/—g, and for convenience we use the units 167G = h = ¢ = 1 throughout.
The torsion scalar T is defined as

T=8,"T°,,, (2.9)
where
TP = —ef (e, —dvel,) (2.10)
KW, = (T, T, T™), (2.11)
S, = % (KM, + 0hT% g — 65T . (2.12)

For a spatially flat FRW metric (1.1), as a consequence of equations (3.9) and (1.1), we have that
the torsion scalar assumes the form
T=T,=—6H% (2.13)



The action (3.8) can be written as

St = /dtLT7 (2.14)
where the point-like Lagrangian reads
Ly =a®(F — FrT) — 6Fraa® — a*L,y,. (2.15)
The equations of F(T) gravity look like
12H*Fr+F = p, (2.16)
ASH2 FrrH — Fr (12H2 + 4H) _F = p, (2.17)
p+3H(p+p) = 0. (2.18)
2.3 F(G) gravity
The action of F(G) theory is given by
Sc = / d*ze[F(G) + Ly, (2.19)

where the Gauss — Bonnet scalar G for the FRW metric is

G =G, =24H?*(H + H?). (2.20)

3 Geometrical roots of FI(R,T) gravity

We start from the Mys - model (about our notations, see e.g. Refs. [10]-[11]). This model is one
of the representatives of F(R,T) gravity. The action of the M3 - model reads as

Sip = / d4a/=gF(R,T) + L),

R = R;,=eag""R,, (3.1)
T = T,= EQSP’“’ T° 0,

where L,, is the matter Lagrangian, ¢; = +1 (signature), R is the curvature scalar, T is the torsion
scalar (about our notation see below). In this section we try to give one of the possible geometric
formulations of Mys - model. Note that we have different cases related with the signature: (1)
e1=1e=1;2) e =1ea=-1;3) e =—1,e&a=1; (4) e = —1,e5 = —1. Also note that My; -
model is a particular case of M37 - model having the form

S3r = /d4$\/jg[F(RaT) + L),

R = u+Rs=u+ Elgleuua (32)
T = v+Ts=v+eS,"T,,
where
R, =e€19"" Ry, Ts=eS,"T",, (3.3)

are the standard forms of the curvature and torsion scalars.

3.1 General case

To understand the geometry of the My - model, we consider some spacetime with the curvature
and torsion so that its connection G uv is a sum of the curvature and torsion parts. In this paper,
the Greek alphabets (u, v, p, ... = 0,1,2,3) are related to spacetime, and the Latin alphabets



(4,7,k,... = 0,1,2,3) denote indices, which are raised and lowered with the Minkowski metric 7;;
= diag (—1,+1,+1,+1). For our spacetime the connection G*,,, has the form

GAW = ef‘aueiy + ej)‘eiuwjiu = FA,“, + K’\W. (3.4)
Here Fgu is the Levi-Civita connection and Kgu is the contorsion. Let the metric has the form
ds® = gi;dz'da’. (3.5)
Then the orthonormal tetrad components e;(z#) are related to the metric through
G = nijeftei, (3.6)
so that the orthonormal condition reads as
Nij = Guv€; €} - (3.7)

Here n;; = diag(—1,1,1,1), where we used the relation

i M si
e el = 0. (3.8)
The quantities Fz , and K. zju are defined as
l 1 Ir
Ik = 39 {0kgri + 0j9rk — Orgji} (3.9)
and ]
K;/L\z/ = *5 (T)\;w + T,uz/)\ + Tup)\) s (310)
respectively. Here the components of the torsion tensor are given by
T = e =G0 — Gy, (3.11)
T = 0ue'y —0ve'y+G"jue, —G'je7 . (3.12)

The curvature R, is defined as

Rpo';u/ = ejpejoRijuu = 8/1,Gp0'1/ - aquau + Gp/\,u,GAO'V - Gp/\VGAO'/J.
= Rpcr,ul/ + a,quJu - al/KpJ,u + Kp)\,uK/\au - KPAVK)\J;L
AT5 K oy = T8 K o + 15, K20 — T, K 5, (3.13)

where the Riemann curvature of the Levi-Civita connection is defined in the standard way

R oy = 0,10, — 0,10, + T4 T, — T4, (3.14)

Ap— ov Avtop®

Now we introduce two important quantities namely the curvature (R) and torsion (T") scalars as

R = g¢"Ry, (3.15)
T = SwTY, (3.16)

where 1
Sp =5 (Ko + 0y Ty™ = 6,T,™) (3.17)

Then the Mys - model we write in the form (3.1). To conclude this subsection, we note that in
GR, it is postulated that 7> uv = 0 and such 4-dimensional spacetime manifolds with metric and
without torsion are labelled as V4. At the same time, it is a general convention to call Uy, the
manifolds endowed with metric and torsion.



3.2 FRW case
From here we work with the spatially flat FRW metric

ds® = —dt* + a*(t)(d2’ + dy” + dz?), (3.18)

where a(t) is the scale factor. In this case, the non-vanishing components of the Levi-Civita
connection are

Fgo = ng - F?o - Ff)o - F;’k =0,
F?j = a’Hé;;, (3.19)
ri, = T =Hd,

where H = (Ina); and 4,7, k,... = 1,2,3. Now let us calculate the components of torsion tensor.

Its non-vanishing components are given by:

Tiwo = Taoo = Tss0 = a’h,
Tias = Thz = Ta2 =2d°, (3.20)

where h and f are some real functions (see e.g. Refs. [12]). Note that the indices of the torsion
tensor are raised and lowered with respect to the metric, that is

Tijr = guTij'- (3.21)

Now we can find the contortion components. We get

K'Yy = K% =K%=0,

K'oi = K?p=K%3=h,

K% = K% =K% =ad?h, (3.22)
K'ys = K3 =K% =—af,

K'ss = K%3=K%; =af.

The non-vanishing components of the curvature R, are given by

R0 = R%s = R%03 =a*(H + H? + Hh + h),

R% 33 —R%13 = R0315 = 2a° f(H + h),

R'yp3 = —R'3p = R%01 = —a(Hf + f),

R'912 = R'si3 = R’33 = d[(H+ 1) — f?]. (3.23)

Similarly, we write the non-vanishing components of the Ricci curvature tensor R, as

Ry = —-3H—3h—3H?—3Hh,
Rii = Rgy=Rsy=d*(H+h+3H?+5Hh+2h% — f?). (3.24)

At the same time, the non-vanishing components of the tensor S, are given by

1 1
510 = 5 (K10 + 61700 — 8013 = 5 (h+2h) = h, (3.25)
S0 = 520 = 539 = 2p, (3.26)
1 f

23 23 2 3
Sl - §(K1 +51+(51) :—%, (327)
s - gnogn-_ L 3.28
1 2 3 2 ( )

and

T =TyoS1° + T5055° + T50S5° + T1% Sy + T3, 55" + 115557, (3.29)



Now we are ready to write the explicit forms of the curvature and torsion scalars. We have

R = 6(H+2H?) +6h+ 18Hh + 6h* — 3f* (3.30)
T = 6(h*—f?). (3.31)

So finally for the FRW metric, the My3 - model takes the form

Sug = /d4x\/jg[F(R,T)+Lm],

R 6(H + 2H?) + 6h + 18Hh + 6h* — 32, (3.32)
T = 6(h*—f?).

It (that is the Mys - model) is one of geometrical realizations of F'(R,T) gravity in the sense that
it was derived from the purely geometrical point of view.

4 Lagrangian formulation of F(R,T) gravity

Of course, we can work with the form (3.32) of F(R,T') gravity. But a more interesting and general
form of F(R,T) gravity is the so-called M37 - model. The action of the Mz; - gravity reads as [10]

Sy = / d42y/=g[F(R,T) + L),

R = u+R5:u+661(H+2H2), (4.1)
T = v+Ts=v+6eH?,

where .
Ry = 6¢1(H +2H?), T, = 6eH. (4.2)

So we can see that here instead of two functions h and f in (3.32), we introduced two new functions
u and v. For example, for (3.32) these functions have the form

u = 6(1—e)(H+2H?) +6h+18Hh + 6h> — 3f2, (4.3)

v = 6(h?— f?—eH?) (4.4)
that again tells us that the My3 - model is a particular case of M3z - model [Note that if e = 1 = €9
we have u = 6h + 18Hh +6h? —3f?, v =6(h?— f?— H?)]. But in general we think (or assume)
that v = w(t,a,a,d,a,...; f;) and v = v(t,a,a,d, @,...;g;), while f; and g; are some unknown
functions related with the geometry of the spacetime. So below we will work with a more general

form of F(R,T) gravity namely the Mgy - gravity (4.1). Introducing the Lagrangian multipliers
we now can rewrite the action (4.1) as

.2 .. .2
Sz Z/dtaB{F(R,T)—/\ [T—v—aegj—z] —y [R—u—fsel (% - %)] +Lm}, (4.5)

where A and ~ are Lagrange multipliers. If we take the variations with respect to 7" and R of this
action, we get
A= FT, v = FR. (46)

Therefore, the action (4.5) can be rewritten as

.2 . .2
Sy :/dta3{F(R,T) — Pr [T—v—&sg%} — Fg [R—u—Gel <g+%)} +Lm}. (4.7)

Then the corresponding point-like Lagrangian reads

Ly7 = a®[F — (T —v)Fr — (R—u)Fr + L] — 6(e1 Fr — e2Fr)aa® — 6e;(FrrR + FrrT)a?a. (4.8)



As is well known, for our dynamical system, the Euler-Lagrange equations read as

d (OL: OLs
) (4.9)
dt \ OR OR
d (0L oL
S =R - =2~ (4.10)
dt \ oT oT
d (0L3y OLs37
— — = 0. 4.11
dt ( 0a ) Ja (4-11)
Hence, using the expressions
oL .
3]37 = —6¢,Frra’a, (4.12)
OL37 2.
- = —6¢1Frra’a, 4.13
oT AT (4.13)
9Lz , : : N2, 3 3
Da = —12(€1FR —€2FT)GG—661(FRRR+FRTT+Fwa)a +a FT’Ua +a FRud, (414)
a
we get
2
a FTT <T — UV — 662 a2> = O, (415)
3 a a®
a FRR R*U7661(5+¥) = O, (416)
U+ ByFrr + Bi1Fr + CoFgpr + C1 Frrr + CoFrr + MF + 6€2a2p = 0, (4.17)
respectively. Here
U = A3Frrr+ AoFgp + A1Fg, (4.18)
As = —6eR%?, (4.19)
As = —12¢;Raq — 661 Ra® + a®Rug, (4.20)
Ay = 12€6® + 6eyai + 3a%aus + a*iy — aPug, (4.21)
By, = 12eTaa+ aTw,, (4.22)
By = 24ea% + 12e2ad + 3aavy + a®v, — alug, (4.23)
Cy = —12¢1a*RT, (4.24)
O, = —6eaT?, (4.25)
Co = —126Taa+ 12e5Raa — 6€1a*T + a®Rvg + a’T'ug, (4.26)
M = -3d° (4.27)
If Frr #0, Frr #0, from Egs. (4.17) and (4.17), it is easy to find that
R=wu+6e (H+2H?), T=uv+6eH?, (4.28)

so that the relations (4.1) are recovered. Generally, these equations are the Euler constraints of

the dynamics. Here a, R,T are the generalized coordinates of the configuration space. On the

other hand, it is also well known that the total energy (Hamiltonian) corresponding to Lagrangian

L3z is given by

OLs7;. OLs7 - OLs7 .
o+ TR+ =BT L. (4.29)

H =
T 0a R oT

Hence using (4.12)-(4.14) we obtain
H37 = [—12(61FR — 62FT)ad — 661(FRRR + FRTT + F3w¢)a2 + a?’FT’Ua + a3FRUa]CIL

—6€1 Frra?aR — 6e; Frra?aT — [a®(F — TFp — RFg 4+ vFp + uFgr + Ly,)—
6(erFr — e2Pr)ad® — 6ey(FrrR + FreT + Fryth)a’al. (4.30)



Let us rewrite this formula as

Hs7 = DoFgp + D1 Fr + JFrr + E1Fr + KF + 2a°p, (4.31)
where
Dy = —6e Ra%a, (4.32)
Dy = 6eai+ aduga, (4.33)
J = —6ea%al, (4.34)
By = 12e0aad* + a*vaa, (4.35)
K = —d° (4.36)

As usual we assume that the total energy Hz; = 0 (Hamiltonian constraint). So finally we have
the following equations of the Mg - model [10]-[11]:

DoFrr + D1Fr+ JFrr + E1Fp+ KF = —2a3p,
U + BoFrr + B1Fr + CoFgpr + C1Frrr + CoFrr + MF = 6a®p, (4.37)
p+3H(p+p) = 0.

It deserves to note that the Ms; - model (4.1) admits some interesting particular and physically
important cases. Some particular cases are now presented.

i) The My - model. Let the function F(R,T) be independent from the torsion scalar T
F =F(R,T) = F(R). Then the action (4.1) acquires the form

Sy = / d*ze[F(R) + L), (4.38)

where
R=u+R; =u+e1g"" R0, (4.39)

is the curvature scalar. It is the My4 - model. We work with the FRW metric. In this case R takes
the form

R=u+ 6e (H +2H?). (4.40)
The action can be rewritten as
S44 = /dtL44, (441)
where the Lagrangian is given by
Lyy = a®[F — (R —u)Fg + Ly,) — 6€1 Fraa® — 6e; FrrRa%a. (4.42)

The corresponding field equations of the My, - model read as

DoFrr+ D1 Fr+ KF = —2a3p,
AsFppr + AsFrp + A1Fr+ MF = 6a’p, (4.43)
p+3H(p+p) = 0.
Here
Dy = —6e Ra%a, (4.44)
Dy = 6ea’i+ dPuga, (4.45)
K = —a (4.46)
and
As = —6eR%?, (4.47)
Ay = —12¢;Raa — 661 Ra® + a®Rug, (4.48)
Ay = 12616® + 6erai + 3a%au, + aPug — aug, (4.49)
M = —3d° (4.50)



If uw = 0 then we get the following equations of the standard F(R;) gravity (after R = R;):

6RHFrr — (R—6H*)Fr+F = p, (4.51)
—2R?Frrp + [-4RH — 2R|Frgr + [-2H? —4a ‘4 + R|FR — F = p, (4.52)
p+3H(p+p) = 0. (4.53)

i1) The Mys - model. The action of the Mys - model looks like
Sys = / d*ze[F(T) + L), (4.54)

where e = det (efl) = y/—g and the torsion scalar T is defined as

T=v+T,=v+ €S, T",,. (4.55)
Here
TP = —ef (Oue, —0ye),), (4.56)
K", = *% (T, =T, = T,*), (4.57)
S = % (K™, + 66T% g — 55 Ty) . (4.58)
For a spatially flat FRW metric (3.18), we have the torsion scalar in the form
T=v+T,=v+6eH>. (4.59)
The action (4.54) can be written as
S / dtLys, (4.60)
where the point-like Lagrangian reads
Lys = a®[F — (T — v)Fr + Ly, + 6e Fraa®. (4.61)
So finally we get the following equations of the Mys - model:
E\Fr+KF = —2d%p,
BoFrp + BiFr + MF = 6a°p, (4.62)
p+3H(p+p) = 0.
Here
Ei = 12ead® 4 d®vaa, (4.63)
K = —ad (4.64)
and
By, = 12e;Tai+ a*Tw,, (4.65)
By = 24ed? + 12e2aid + 3aavy + a0, — advg, (4.66)
M = -3d°. (4.67)

If we put v = 0 then the Mys - model reduces to the usual F(Ty) gravity, where T, = 6e; H?. As
is well-known the equations of F(Ts) gravity are given by

12H*Fr +F = p, (4.68)
ASH?FppH — Fr (12H2 + 4H) —F = p, (4.69)
p+3H(p+p) = 0, (4.70)

where we must put T' = Ts. Finally we note that it is well-known that the standard F(T}) gravity
is not local Lorentz invariant [33]. In this context, we have a very meager hope that the Mys -
model (4.54) is free from such problems.
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5 Cosmological solutions

In this section we investigate cosmological consequences of the F(R,T) gravity. As example, we
want to find some exact cosmological solutions of the M3z - gravity model. Since its equations are
very complicated we here consider the simplest case when

F(R,T)=uR+ T, (5.1)
where p and v are some constants. Then equations (4.37) take the form
puDy +vE, + K(vT +uR) = —2d°p,
pAy +vBy + M(VT + pR) = 6a’p, (5.2)
p+3H(p+p) = 0,
where
D, = 6ea?i + dPuga, (5.3)
By = 12eaa® + a’vza, (5.4)
K = —ad, (5.5)
Al = 12€14® 4 6erai + 3a’aug + a1y — aPug, (5.6)
By = 24e34® + 12epai + 3a’av, + a0, — avg, (5.7)
M = -3d* (5.8)

We can rewrite this system as

30H? —0.5(azq —2) = p,
. 1
—0(2H +3H?) + 0.5(azs — 2) + 6@(73@ —Z4) = P, (5.9)
p+3H(p+p) = 0,

where z = pu + vv, o = ue; — ves. This system contents two independent equations for five
unknown functions (a, p,p,u,v). But in fact it contain 4 unknown functions (H,p,p,z). The
corresponding EoS parameter reads as

D —20H + ta(Za — za)

 —— . 5.10
YT * 30H2 — 0.5(aza — 2) (5.10)

Let us find some simplest cosmological solutions of the system (5.9).

5.1 Example 1
We start from the case ¢ = 0. In this case the system (5.9) takes the form

9
—0.5(aze —2) = p,
)
)

1
0.5(azs — 2) + Ea(z"a —24) = P, (5.11)
p+3H(p+p) = 0.
At the same time the EoS parameter becomes
D a(éd - Za)
=f=_1- . 5.12
v p 3(azy — 2) (5:12)
Now we assume that
z = ka!, (5.13)
where k and [ are some real constants. Then
l
w=-1-2. (5.14)

3

This result tells us that in this case our model can describes the accelerated expansion of the
Universe for some values of [.

11



5.2 Example 2

Hot

Now consider the de Sitter case that is H = Hy = const so that a = age’’°*. Then the system

(5.9) reads as

30HE —0.5(azs —2) = p,
—30HZ +0.5(azs — 2) + éa(éd —2) = (5.15)
p+3H(p+p) = 0.
The EoS parameter takes the form
w=§=—1+180;§i‘3(§2_z). (5.16)
If 2 has the form (5.13) that is 2 = keffo!* then we have
v f =i 180ngﬁfolt + 3K (5.17)
If Hyl > 0 then as t — oo we get again
w=-1-— ! (5.18)

3 )
which is same as equation (5.14). This last equation tells us that our model can describes the
accelerated expansion of the Universe e.g. for [ > 0. Also it corresponds to the phantom case if

I > 0. Finally we present other forms of the generalized Friedmann equations in the system (5.9).
Let us rewrite these equations in the standard form as

3H? = p+p., (5.19)
—(2H +3H?*) = p+p.. (5.20)
Here
p. = 050 Yaz, — 2), (5.21)
1
p. = 050 Yazy —2) — §a(2a — Z4) (5.22)

are the z or u — v contributions to the energy density and pressure, respectively.

6 Conclusion

In [30], Buchdahl proposed to replace the Einstein-Hilbert scalar Lagrangian R with a function of
the scalar curvature. The resulting theory is nowadays known as F(R) gravity. Almost 40 years
later, Bengochea and Ferraro proposed to replace the TEGR that is the torsion scalar Lagrangian
T with a function F(T) of the torsion scalar, and studied its cosmological consequences [31]. This
type of modified gravity is nowadays called as F(T) gravity theory. These two gravity theories
[that is F(R) and F(T)] are, in some sense, alternative ways to modify GR. From these results
arises the natural question: how we can construct some modified gravity theory which unifies F'(R)
and F(T) theories? Examples of such unified curvature-torsion theories were proposed in [10]-[11].
Such type of modified gravity theory is called the F(R,T) gravity. In this F(R,T) gravity, the
curvature scalar R and the torsion scalar T play the same role and are dynamical quantities. In
this paper, we have shown that the F'(R,T') gravity can be derived from the geometrical point of
view. In particular, we have proposed a new method to construct particular models of F(R,T)
gravity. As an example we have considered the M3z - model, deriving its action in terms of the
curvature and torsion scalars. Then in detail we have studied the Ms7 - model and presented its
action, Lagrangian and equations of motion for the FRW metric case. Finally we have shown that
the last model can describes the accelerated expansion of the Universe.

12



Concluding, we would like to note that in the paper, we present a special class of extended
gravity models depending on arbitrary function F(R,T), where R is the Ricci scalar and T the
scalar torsion. While in the traditional Eistein-Cartan theory, the role of the torsion depends on
the non trivial source associated with spin matter density, in our F(R,T) gravity models, the
torsion can propagate without the presence of spin matter density. In fact this is a crucial point,
otherwise the additional scalar torsion degree of freedom are not different from the additional
metric gravitational degree of freedom present in extended F(R) models. Finally we would like to
note that all results of this paper are new and different than results of our previous papers [10]-[11]
on the subject.
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