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Abstract We investigate the modified F(R) gravity theory
with the function F(R) = (1 − √

1 − 2λR − σ(λR)2)/λ.
The action is converted into Einstein–Hilbert action at small
values of λ and σ . The local tests give a bound on the pa-
rameters, λ(1 + σ) ≤ 2 × 10−6 cm2. The Jordan and Ein-
stein frames are considered, the potential, and the mass of
the scalar field were obtained. The constant curvature solu-
tions of the model are found. It was demonstrated that the
de Sitter space is unstable but a solution with zero Ricci
scalar is stable. The cosmological parameters of the model
are evaluated. Critical points of autonomous equations are
obtained and described.

Keywords modified gravity · Einstein–Hilbert action ·
Local tests · Jordan and Einstein frames · Scalar field ·
De Sitter space · Ricci scalar · Critical points · Autonomous
equations

1 Introduction

One of ways to explain the inflation and the present time of
the Universe acceleration is to modify the Einstein–Hilbert
(EH) action of general relativity (GR) theory. Here we con-
sider the F(R) gravity model replacing the Ricci scalar R in
EH action by the function F(R). Such F(R) gravity model
can be an alternative to �-Cold Dark Matter (�CDM)
model where the cosmic acceleration appears due to mod-
ified gravity. Thus, instead of the introduction of the cosmo-
logical constant � (having the problem with the explanation
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of the smallness of �) to describe dark energy (DE), we con-
sider new gravitational physics. The requirement of classi-
cal and quantum stability leads to the conditions F ′(R) > 0,
F ′′(R) > 0 (Appleby et al. 2010), where the primes mean
the derivatives with respect to the argument. These condi-
tions do not fix the function and, therefore, there are various
suggestions in the form of the function F(R) in the litera-
ture. It should be mentioned that the first successful models
of F(R) gravity were given in Hu and Sawicki (2007), Ap-
pleby and Battye (2007), and Starobinsky (2007). The mod-
ified gravitational theories f (R,T ) with non-minimal cur-
vature matter coupling, where the gravitational Lagrangian
is given by an arbitrary function of the Ricci scalar R and
of the trace of the stress-energy tensor T , were considered
by Harko et al. (2011), Sharif and Zubair (2014), Zubair and
Abbas (2015), Noureen and Zubair (2015). It was shown the
possibility of the transition from decelerating to accelerating
phase in some f (R,T ) models.

In this paper we investigate the Born–Infeld (BI) type
Lagrangian with the particular function F(R) =
(1 − √

1 − 2λR − σ(λR)2)/λ introducing two scales. In BI
electrodynamics there are no divergences connected with
point-like charges and the self-energy is finite (Born and In-
feld 1934a, 1934b, 1935, Plebański 1970). In addition, BI
type action appears naturally within the string theory. Thus,
the low energy D-brane dynamics is governed by a BI type
action (Fradkin and Tseytlin 1985). These two attractive as-
pects of BI type theories are the motivation to consider BI-
like gravity. In Kruglov (2010) we have considered modi-
fied BI electrodynamics with two constants. The model un-
der consideration is the gravitational analog of generalized
BI electrodynamics with two scales. It should be also men-
tioned that there are difficulties to quantize F(R) gravity
because it is the higher derivative (HD) theory. In HD theo-
ries there are additional degrees of freedom and ghosts are
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present so that unitarity of the theory is questionable. In ad-
dition, corrections due to one-loop divergences, introduced
by renormalization, contain a scalar curvature squared (R2)
and the Ricci tensor squared (RμνR

μν ). As a result, F(R)

gravity theories are not renormalizable. At the same time,
F(R) gravity is the phenomenological model, and can give
a description of the Universe evolution including the infla-
tion and the late-time acceleration, modifies gravitational
physics, and is an alternative to the �CDM model. The first
model including R2 term in the Lagrangian, and describ-
ing the self-consistent inflation, was given in Starobinsky
(1980).

The paper is organized as follows. In Sect. 2, we con-
sider a model of F(R) gravity with the BI-like Lagrangian
density with two scales. A bound on the parameters λ (with
the dimension (length)2) and σ (the dimensionless parame-
ter) is obtained. Constant curvature solutions corresponding
the de Sitter space are obtained. In Sect. 3, the scalar-tensor
form of the model is studied, the potential of the scalar de-
gree of freedom and the mass are found, and the plots of
the functions φ(λR), V (λR), and m2

φ(λR) are given for
σ = −0.9. We show that the de Sitter phase is unstable and
the flat space (a solution with the zero curvature scalar) is
stable. The slow-roll cosmological parameters of the model
under consideration are evaluated and the plots of functions
ε(λR), η(λR) are given in Sect. 4. In Sect. 5 critical points
of autonomous equations are investigated. The function m(r)
characterizing the deviation from the �CDM model is eval-
uated and the plot is presented. A particular case of the
model with the parameter σ = 0 is studied in Sect. 5.1 in
details. The results obtained are discussed in Sect. 6.

The Minkowski metric ημν = diag(−1,1,1,1) is used
and we assume c = � = 1.

2 The model

We propose the modified F(R) gravity model with the La-
grangian density

L = 1

2κ2
F(R) = 1

2κ2

1

λ

(
1 −

√
1 − 2λR − σ(λR)2

)
, (1)

where κ = √
8πm−1

Pl , mPl is the Planck mass, λ has the
dimension of (length)2 and σ is dimensionless parameter.
The model with the Lagrangian density (1) is the general-
ized form of the model discussed in Kruglov (2013). This
extension, containing the additional parameter σ , allows us
to investigate how the Universe evolution and cosmological
parameters depend on σ . This can help to find some values
of σ for a realistic and viable model. The action is given by

S =
∫

d4x
√−g(L+Lm)

=
∫

d4x
√−g

[
1

2κ2
F(R) +Lm

]
, (2)

were Lm is the matter Lagrangian density. In the works of
Comelli and Dolgov (2004), Comelli (2005), Quiros et al.
(2009), Garcia-Salcedo et al. (2010) the BI type model
involving the Gauss–Bonnet term G = R2 − 4RμνR

μν +
RμναβRμναβ , instead of R2-term in (1), was considered.
But that model belongs to the F(R,RμνR

μν,RμναβRμναβ)

type model. In EH action only the scalar curvature R is
present, and therefore, we neglect the higher order invariants
RμνR

μν , RμναβRμναβ and consider F(R) gravity model. It
follows from Eq. (1) that at σ = −1, we have F(R) = R

and one comes to the EH action. Therefore, we imply that
the unitless parameter σ is in the order of 1 and is close
to (−1) to recover GR at low curvature regime. At a par-
ticular case σ = 0 different aspects of the model were in-
vestigated in Comelli (2005), Garcia-Salcedo et al. (2010),
Kruglov (2013). Other variants of BI-type gravity were con-
sidered in Deser and Gibbons (1998), Gates and Ketov
(2001), Wohlfarth (2004a, 2004b), Nieto (2004), Gullu et al.
(2010), Bañados and Ferreira (2010), Quiros and Urena-
Lopez (2010), Pani et al. (2011), Herdeiro et al. (2011),
Fabris et al. (2012), Makarenko et al. (2014). Since the
function in Eq. (1) should be real, one has the restriction
2λR + σ(λR)2 ≤ 1. The Taylor series for small values of
λR gives

F(R) = R + 1

2
λ(1 + σ)R2 + · · · . (3)

Thus, at small values of the constants λ and σ introduced,
one comes to Starobinsky’s model (Starobinsky 2007), that
leads to the self-consistent inflation (Appleby et al. 2010).
The model under consideration satisfies observational data
at a bound on λ and σ because GR passes local tests. From
laboratory experiment (Kapner et al. 2007; Näf and Jetzer
2010; Berry and Gair 2011; Eingorn and Zhuk 2011) the
restriction on the function is F ′′(0) ≤ 2 × 10−6 cm2. Then,
we obtain from Eq. (3) the bound on the parameters λ, σ :

λ(1 + σ) ≤ 2 × 10−6 cm2. (4)

Since the Taylor series (3) contains all powers in Ricci cur-
vature R at λR < 1, the model under consideration can give
nontrivial description of the Universe evolution.

2.1 Constant curvature solutions

In the case when the Ricci scalar is a constant R = R0 equa-
tions of motion give (Barrow and Ottewill 1983)

2F(R0) − R0F
′(R0) = 0. (5)

From Eq. (1), one finds

2

λ

(
1 −

√
1 − 2λR0 − σ(λR0)2

) = R0(1 + σλR0)√
1 − 2λR0 − σ(λR0)2

.

(6)
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Table 1 Approximate solutions to Eq. (7)

σ −0.1 −0.3 −0.5 −0.7 −0.9 0 0.1 0.2 0.3 0.4 0.5

x 0.46 0.49 0.54 0.60 0.73 4/9 0.43 0.42 0.41 0.40 0.39

Fig. 1 The function σ vs λR0 corresponding the constant curvature
solutions

Equation (6) can be written as

x
(
σ 2x3 + 6σx2 + 9x − 4

) = 0, (7)

where x = λR0. The trivial solution to Eq. (7) x = 0 cor-
responds to flat spacetime. For 1 > σ > −1 cubic equation
(7) possesses nontrivial real solutions. From Eq. (7) one can
find the value of σ as a function of x (we use only one root
obeying 1 > σ > −1)

σ = 2 − 3
√

x

x3/2
. (8)

Above in Table 1 there are approximate values of x, which
are the roots of Eq. (7), for different values of the pa-
rameter σ . The plot of the function σ vs λR0, Eq. (8), is
represented by Fig. 1. The conditions of classical stability
F ′(R) > 0 and quantum stability F ′′(R) > 0 (Appleby et al.
2010) lead to the restrictions

F ′(R) = (1 + σλR)
√

1 − 2λR − σ(λR)2
> 0, (9)

F ′′(R) = λ(1 + σ)

[1 − 2λR − σ(λR)2]3/2
> 0. (10)

Inequalities in Eqs. (9), (10) are satisfied at λ > 0, σ > −1
(2λR + σ(λR)2 ≤ 1 and the F(R) is a real function). One
can verify that conditions (9), (10) are satisfied for con-
stant curvature solutions obtained (see Table 1). As a result,

nontrivial solutions to Eq. (7) lead to the Schwarzschild-
de Sitter spacetime and the trivial solution R0 = 0 cor-
responds to the Minkowski spacetime. If the condition
F ′(R0)/F

′′(R0) > R0 holds (Müller et al. 1988), it can de-
scribe DE which is future stable. This leads to

x
(
σ 2x2 + 3σx + 3

)
< 1. (11)

The trivial solution R0 = 0 obeys the requirement (11) and
it is stable. One may verify that nontrivial solutions to
Eq. (7) represented in Table 1 do not satisfy Eq. (11). There-
fore, constant curvature solutions (in Table 1) give unsta-
ble de Sitter spacetime and can describe the inflation. Be-
low we show that constant curvature solutions correspond to
the maximum of the effective potential in Einstein’s frame.
Thus, the model suggested mimics DE for the spacetime
without matter.

3 The scalar-tensor formulation of the theory

The modified F(R) gravity model in the Jordan frame can
be represented in the scalar-tensor form corresponding the
Einstein frame. Thus, we perform the conformal transfor-
mation of the metric (Magnano and Sokolowski 1994)

g̃μν = F ′(R)gμν = (1 + σλR)gμν√
1 − 2λR − σ(λR)2

, (12)

and Eq. (1) takes the form of the Lagrangian density corre-
sponding the scalar-tensor theory of gravity

L = 1

2κ2
R̃ − 1

2
g̃μν∇μφ∇νφ − V (φ). (13)

The scalar curvature R̃ in Einstein’s frame is calculated by
the new metric (12). The scalar field φ and the potential
V (φ) are given by

φ(R) = −
√

3√
2κ

lnF ′(R) =
√

3√
2κ

ln

√
1 − 2λR − σ(λR)2

1 + σλR
,

(14)

V (R) = RF ′(R) − F(R)

2κ2F ′2(R)

= (1 − λR)
√

1 − 2λR − σ(λR)2 + 2λR + σ(λR)2 − 1

2λκ2(1 + σλR)2
.

(15)

The plots of the functions φ(R) and V (R) at σ = −0.9 are
represented in Fig. 2 and Fig. 3, respectively. From Eq. (15)
we find the extremum of the potential

dV

dR
= F ′′(R)[2F(R) − RF ′(R)]

2κ2F
′3 = 0. (16)
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From Eqs. (5), (16) we make a conclusion that the constant
curvature solutions to Eq. (7) correspond to the extremum
of the potential. The potential function (15) possesses the
minimum at φ = 0 and the maximum is given by Eq. (7)

and by Fig. 1 for different parameters σ . The Minkowski
spacetime (R = 0) is the stable state and the states with the
curvatures obeying Eq. (7) are unstable. From potential (15),
one finds the mass squared of a scalar state

m2
φ = d2V

dφ2
= 1

3

(
1

F ′′(R)
+ R

F ′(R)
− 4F(R)

F
′2(R)

)

= 1

3λ

{
4x2 − 3x + 5 + σ 2x(x3 + x + 4) + σ(4x3 − x2 + 5x + 4)

(1 + σ)
√

1 − 2x − σx2
− 4(1 + σx)

(1 − 2x − σx2)

}
. (17)

The plot of the function λm2
φ vs x = λR is given by Fig. 4. It

is seen from Fig. 4 that for the constant curvature solutions

Fig. 2 The function κφ (σ = −0.9) vs λR

Fig. 3 The function λκ2V (σ = −0.9) vs λR. There is the maximum
at λR ≈ 0.73 and the minimum at R = 0

given by Table 1 the values of m2
φ are negative (m2

φ < 0) that
again indicates on instability of states corresponding to solu-
tions of Eq. (7). The criterion of the stability of the de Sitter
solution in F(R) gravity models was first obtained in Müller
et al. (1988). Since the constant λ is small the squared mass
m2

ϕ is big and corrections to the Newton law are negligible.

4 The slow-roll cosmological parameters
of the model

The requirement that corrections of F(R) gravity model are
small compared to GR for R � R0, where R0 is a curvature
at the present time, gives (Appleby et al. 2010)

∣∣F(R) − R
∣∣ � R,

∣∣F ′(R) − 1
∣∣ � 1,

∣∣RF ′′(R)
∣∣ � 1.

(18)

With the help of Eq. (3), in the liner approximation, we ob-
tain from Eq. (18) the restriction λR � 1/(1 + σ). Thus,

Fig. 4 The function λm2
φ (σ = −0.9) vs λR
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Fig. 5 The function ε vs λR (σ = −0.9)

for σ = −0.9, we obtain λR � 10 which is satisfied (see
figures).

Let us consider the slow-roll parameters which are given
by Liddle and Lyth (2000)

ε(φ) = 1

2
M2

Pl

(
V ′(φ)

V (φ)

)2

, η(φ) = M2
Pl

V ′′(φ)

V (φ)
, (19)

were the reduced Planck mass is MPl = κ−1. From Eqs. (15),
(17) we obtain the slow-roll parameters expressed via the
curvature

ε = 1

3

[
RF ′(R) − 2F(R)

RF ′(R) − F(R)

]2

= 1

3

[
2 − 3x − σx2 − 2

√
1 − 2x − σx2

1 − x − √
1 − 2x − σx2

]2

, (20)

η = 2

3

[
F

′2(R) + F ′′(R)[RF ′(R) − 4F(R)]
F ′′(R)[RF ′(R) − F(R)]

]

= 2[5 − 9x + 4σ − σx(5 + 2σx + 8x + 4σx2 + σ 2x3)]
3(1 + σ)(1 − x −

√
1 − 2x − σx2)

− 8
√

1 − 2x − σx2

3(1 − x −
√

1 − 2x − σx2)
, (21)

where x = λR. The function φ(R) is given by Eq. (14) and
represented by Fig. 2. The slow-roll approximation is valid
when the conditions ε � 1, |η| � 1 are satisfied. The plots
of the functions ε, η at σ = −0.9 are given in Fig. 5 and
Fig. 6, respectively. The inequality ε < 1 holds at λR > 0.66
and |η| < 1 at λR > 0.732 (and at 0.486 < λR < 0.499).

One can calculate the age of the inflation by evaluating
the e-fold number (Liddle and Lyth 2000)

Ne ≈ 1

M2
Pl

∫ φ

φend

V (φ)

V ′(φ)
dφ. (22)

Fig. 6 The function η vs λR (σ = −0.9)

The φend corresponds to the time at the end of inflation. We
find the number of e-foldings from Eqs. (14), (15)

Ne ≈ 3(1 + σ)

2

×
∫ x

xend

1 − x − y(x)

y2(x)(1 + σx)[2y(x) − 2 + 3x + σx2]dx,

(23)

were y(x) = √
1 − 2x − σx2, and the value xend = βRend

corresponds to the time of the end of the inflation when ε or
|η| are close to 1. One can verify that even for xend = 0.7 and
x = 0.7269, we get Ne ≈ 6 that is not reasonable amount of
the inflation (Liddle and Lyth 2000). Thus, the model under
consideration describes the inflation but does not reproduce
the necessary age of the inflation. Therefore, this model can
give an approximated account of the Universe evolution.

5 Critical points and stability

Let us consider the dimensionless parameters (Amendola
et al. 2007)

x1 = − Ḟ ′(R)

HF ′(R)
, x2 = − F(R)

6F ′(R)H 2
,

x3 = Ḣ

H 2
+ 2,

(24)

m = RF ′′(R)

F ′(R)
, r = −RF ′(R)

F (R)
= x3

x2
, (25)

where H is a Hubble parameter and the dot defines the
derivative with respect to the cosmic time and the func-
tion m(r) (see Amendola et al. 2007) characterizes the de-
viation from the �CDM model. With the help of vari-
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ables (24) equations of motion in the absence of the radia-
tion (ρrad = 0) can be represented as autonomous equations
(Amendola et al. 2007):

dxi

dN
= fi(x1, x2, x3), (26)

where i = 1,2,3, N = lna is the number of e-foldings, and
functions fi(x1, x2, x3) are given by

f1(x1, x2, x3) = −1 − x3 − 3x2 + x2
1 − x1x3,

f2(x1, x2, x3) = x1x3

m
− x2(2x3 − 4 − x1),

f3(x1, x2, x3) = −x1x3

m
− 2x3(x3 − 2).

(27)

The critical points for the system of equations can be inves-
tigated by the study of the function m(r). From Eqs. (1), (9)
and (10), one finds

m = x(1 + σ)

(1 + σx)(1 − 2x − σx2)
,

r = − x(1 + σx)√
1 − 2x − σx2 − 1 + 2x + σx2

,

(28)

where x = λR. The plot of the function m(r) is presented
in Fig. 7. The de Sitter point P1 (Amendola et al. 2007)
(in the absence of radiation, x4 = 0) corresponds to the pa-
rameters x1 = 0, x2 = −1, x3 = 2. By virtue of Eqs. (5),
(6), (25), one can verify that this point corresponds to the
constant curvature solutions (Ḣ = 0). The matter energy
fraction parameter is given by Ωm = 1 − x1 − x2 − x3 = 0
and the effective equation of state (EoS) parameter weff =
−1 − 2Ḣ /(3H 2) = −1 which corresponds to DE. In accor-
dance with Fig. 7 we have 1 < m (r = −2) and, therefore,
the constant curvature solution x ≈ 0.73 (σ = −0.9) gives
unstable the de Sitter spacetime (Amendola et al. 2007)
(it was already mentioned). A viable matter dominated
epoch prior to late-time acceleration exists for the critical
point P5 (with EoS of a matter era weff = 0, a = a0t

2/3) with
m ≈ 0, r ≈ −1 (Amendola et al. 2007), and for this point
x3 = 1/2. The point P5 belongs to the equation m = −r − 1
which has only the solution m = 0, r = −1 (R = 0) in
our case. For the existence of the standard matter era the
condition m′(r = −1) > −1 should hold (Amendola et al.
2007). From Eqs. (28) one finds the derivative m′(r) =
(dm/dx)(dx/dr):

dm

dr
= (1 + σ)(1 + 3σx2 + 2σ 2x3)(y(x) − 1)2

(1 + σx)2y(x)[(1 + 2σx)y2(x)(y(x) − 1) + x(1 + σx)2(2y(x) − 1)] , (29)

were y(x) = √
1 − 2x − σx2. From Eq. (29) with the help

of L’Hôpital’s rule, we obtain the limit: limx→0 m′(r) = −2.
Thus, the condition m′(r = −1) > −1 does not hold and,
therefore, the correct description of the standard matter era
in the model is questionable. As a result, three general con-

Fig. 7 The function m(r) (σ = −0.9)

ditions, described in Amendola et al. (2007) for a successful
F(R) model are not satisfied. Thus, the model under con-
sideration does not lead completely to an acceptable cos-
mology. But for a detailed description of the Universe evo-
lution one needs a numerical analysis of autonomous equa-
tions (Amendola et al. 2007).

5.1 The particular case, σ = 0

This case (σ = 0) corresponds to BI procedure of replacing
R in EH action by the function F(R) = (1 − √

1 − 2λR)/λ

(Comelli 2005; Quiros et al. 2009; Garcia-Salcedo et al.
2010; Kruglov 2013). The plots of the functions φ(R),
V (R), and m2

φ given by Eqs. (14), (15) and (17) at σ = 0
are represented in Figs. 8, 9 and 10. We also define the EoS
parameter weff, the deceleration parameter q , and the matter
density parameter Ωm as follows:

weff = −1

3
(2x3 − 1),

q = 1 − x3,

Ωm = κ2ρm

3F ′H 2
= 1 − x1 − x2 − x3.

(30)
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Fig. 8 The function κφ (σ = 0) vs λR

Fig. 9 The function λκ2V (σ = 0) vs λR. The maximum is at
λR = 4/9 and the minimum at R = 0

For the particular case σ = 0, we obtain from Eqs. (25)
the function m(r) = 2r(r + 1) (r = x3/x2). Replacing m(r)

into Eqs. (27) we obtain the functions of autonomous equa-
tions (26)1

f1(x1, x2, x3) = −1 − x3 − 3x2 + x2
1 − x1x3,

f2(x1, x2, x3) = x1x
2
2

2(x2 + x3)
− x2(2x3 − 4 − x1),

f3(x1, x2, x3) = − x1x
2
2

2(x2 + x3)
− 2x3(x3 − 2).

(31)

The equilibrium points x̄1, x̄2, x̄3 are the solutions of the sys-
tem of equations fi(x1, x2, x3) = 0 (i = 1,2,3). Replacing
xi = x̄i +x′

i in Eq. (26), where x′
i are the linear perturbations

1Our variable x2 differs from that of Garcia-Salcedo et al. (2010) and
Quiros and Urena-Lopez (2010).

Fig. 10 The function λm2
φ (σ = 0) vs λR

around the equilibrium points, one finds the evolution of x′
i

up to O(x′2
i ): x′

i = cij exp(λjN) (we imply a summation on
repeated indexes), where cij are constants and λj are eigen-
values of the Jacobian matrix Jij = ∂fi(x1, x2, x3)/∂xj .
From Eqs. (31), we obtain equilibrium points, eigenvalues
of the Jacobian matrix, and parameters defined in Eqs. (30)
that are summarized in Table 2.

The equilibrium point P1 corresponds to de-Sitter so-
lutions because weff = −1, with accelerated expansion
(q = −1), and is a saddle point since one of the eigenval-
ues is positive. This point is unstable as m(r = −2) > 1
(Amendola et al. 2007).

The point P2 corresponds to so-called φ-matter domi-
nated epoch (φMDE) (Amendola 2000) and represents the
“wrong” matter epoch, Ωm = 2. Eigenvalues λ2, λ3 are pos-
itive, and the point P2 is a saddle equilibrium point with the
decelerated expansion (q = 1). It should be noted that cal-
culating λ2, λ3 for the point P2 (as well as for the point P3),
we use L’Hôpital rule and imply that x2 = x3 → 0. Since
weff = 1/3, this point mimics the radiation.

The fixed point P3 is an unstable node because all eigen-
values λi are positive. It corresponds to the past attractor
for the decelerated epoch (q = 1) and mimics the radiation
(weff = 1/3).

The point P4 is similar to the point P1 corresponding to
de-Sitter solutions but it is a stable point (λi < 0). This point
mimics a cosmological constant (weff = −1) and can be the
late-time attractor.

The equilibrium point P5 corresponds to a standard mat-
ter era (a ∝ t2/3) and the necessary condition (Amendola
et al. 2007) m(r = −1) = 0 is satisfied, and the eigenvalues
diverge.

The saddle fixed point P6 does not correspond to any
cosmological scenario since Ωm < 0 but from the definition
(see Eq. (30)) it should be positive.



73 Page 8 of 9 S.I. Kruglov

Table 2 Critical points (σ = 0)
Pi x̄1 x̄2 x̄3 Ωm weff q r m λ1 λ2 λ3

P1 0 −1 2 0 −1 −1 −2 4 −3 −3−√
21

2
−3+√

21
2

P2 −1 0 0 2 1/3 1 −1 0 −2 13−√
7

4
13+√

7
4

P3 1 0 0 0 1/3 1 −1 0 2 19−√
7

4
19+√

7
4

P4 −1 0 2 0 −1 −1 ∞ ∞ −1 -4 -4

P5 0 −1/2 1/2 1 0 1/2 −1 0 div div div

P6 3 0 2 −4 −1 −1 ∞ ∞ 3 4 -4

P7 −3 2 −1 3 1 2 −1/2 −1/2 3 −3−i
√

15
2

−3+i
√

15
2

The point P7 is a saddle fixed point and corresponds
to decelerated expansion (q = 2). Since EoS parameter
weff = 1, this point mimics a stiff fluid.

6 Discussion and conclusion

In recent paper (Kruglov 2015), we have presented the
model of F(R) gravity with the function F(R) = (1/β) ×
arcsin(βR) containing only one dimensional parameter β .
There are some similarities and differences between two
models. First of all the current model proposed contains two
parameters λ and σ that allow us to adjust some observable.
Thus, there is a set of constant curvature solutions (Table 1
in Sect. 2.1), but in the model (Kruglov 2015) we have only
one constant curvature solution. If one looks at the Taylor
series expansion of the function F(R), it results in EH term
R plus odd powers of R in the model (Kruglov 2015), and
the function (1) selected in this paper implies the EH term
R plus even powers. Hence, there are differences in the high
curvature regimes in both models. Nevertheless, it is inter-
esting that besides differences between F(R) functions in
two models, the parameters provided in both cases are sim-
ilar, which is evident from the figures presented in these pa-
pers (for a particular parameter σ = −0.9). If one varies the
parameter σ in the model under consideration, we find dif-
ferences in the behavior of the Universe evolution.

Thus, F(R) gravity model proposed, with the Born–
Infeld-like action, containing two scales (λ and σ ), describes
inflation corresponding to the de Sitter solution. The bound
on the constants λ, σ from the local tests was evaluated,
Eq. (4). The de Sitter spacetime is unstable and the con-
stant curvature solution with zero Ricci scalar is stable. At
small curvatures the action becomes the EH action and cor-
responds to GR without the cosmological constant. Thus,
this model describes DE dynamically by the new gravita-
tional physics. The Einstein frame was studied, the poten-
tial and the mass of the scalar degree of freedom were ob-
tained (see Figs. 3 and 4). We have calculated the slow-roll
parameters of the model, ε, η, and ranges where they are
small. It was demonstrated that corrections of F(R) grav-
ity model under consideration to GR are small. The criti-

cal points (P1 and P5 in the classification of the work of
Amendola et al. 2007) of autonomous equations are inves-
tigated and the function m(r) characterizing the deviation
from the �CDM-model is calculated. Although the matter
dominated epoch (the point P5) in the model exists but the
necessary conditions for the standard matter era are not sat-
isfied (m′(r = −1) = −2 < −1). As a result the particular
model under examination can be an approximation describ-
ing the Universe evolution as many F(R) gravity models
considered in the literature. Even if this F(R) theory does
not explain current acceleration of the Universe, it can de-
scribe early-time inflation and be alternative to GR.
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