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Abstract. As we know, the inflation models have been considered by researchers in various fields of physics such
as cosmology and particle physics for explaining early Universe. According to different conditions and conjectures,
there are several types of inflation models. In this article, we want to examine a new condition for the inflation
models which is known as the swampland criterion. Therefore, we consider f (R) model that includes a polynomial
plus a logarithmic term as R + α R 2 + β R n + γ R 2 log γ R. So, by considering the corresponding modified f (R)
gravity on the brane, we obtain the modified cosmological parameters such as spectral index, tensor-to-scalar ratio
and a number of e-folds. These modified parameters give us the opportunity to test the compatibility of f (R) gravity
model with swampland criteria. Finally, by using some figures as well as observable data, we specify the range of
modified cosmological parameters.
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1. Introduction
In recent years, various types of inflation models have
been studied to modify some cosmological parameters
for describing the early Universe. There are several conditions and conjecture which are slow-roll, constant-roll
and weak gravity conjecture (WGC). Weak gravity conjecture is a strong conjecture in relation to theories
coupled to gravity and it is the weakest force. Usually,
this conjecture is always accompanied by concepts such
as landscape and the swampland. But the swampland
has a wider surface than the landscape, and so at low
energy levels the landscape can be ignored. So, generally, one can say that at low energy levels, most of the
effective theories are located in the swampland. It means
that the swampland is incompatible with quantum gravity. In low energy levels, effective theories derived from
Einstein’s equation are often used and many researchers
who study inflation employ these low-energy theories.
One of the conditions that has received a lot of attention
recently is the WGC [1–12]. In general, to have theories that are complete UV, we must have effective low
energy theories. For these theories to be consistent with
quantum gravity, they must satisfy two criteria. These
0123456789().: V,-vol

criteria actually provide conditions where some inflation
models are compatible and many inflation models are
incompatible. These two criteria are usually expressed
as follows [13–17]:
φ
< (1)
(1)
Mpl
and
V
> c,
(2)
V
where eq. (1) is the swampland distance conjecture and
φ is bounded from above. Here, we note that eq. (2)
is the swampland de Sitter conjecture and when V > 0
it is satisfied by lower boundary and is limited from
below [18,19]. Regarding the study of inflation models
on brane, the cosmological parameters are modified in
relation to these conditions. So, here we first introduce
the number of e-fold which is given by

φ/Mpl
1
V
N= 2
,
(3)
dφ ≈


V
M
Mpl
pl (V /V )
Mpl

where V is the potential and  is the derivative of V
with respect to φ. It is not possible to have a very
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large number of e-folds, due to the first criterion. In
recent years, different methods and mechanisms have
been proposed to get rid of these criteria related to
single-field inflation [20,21]. In general, one can say
that different inflationary models such as warm inflation and quintessential brane inflation are consistent
with these criteria. But there is some problems in a
series of initial conditions related to its concepts or initial conditions of non-Bunch–Davies components [22].
So, we take advantage from above information and
obtain the modified cosmological parameters such as
spectral index, tensor-to-scalar ratio and the number of
e-folds and examine the compatibility of f (R) gravity
model with swampland criteria. This article organised
as follows: In §2, we study the concept of inflation
on brane. In §3, we state the logarithmic f (R) model,
R + α R 2 + β R n + γ R 2 log γ R, and calculate the cosmological parameters such as the tensor-to-scalar ratio,
the scalar spectrum index etc. Then we plot some figures
and we find constraint areas of modified cosmological
parameters. In the final section, we give some results
and a short conclusion.

There are other modified parameters to examine the
inflation model, including the number of e-folds (N)
and the spectrum (PR ) which are given by

 φi 
V
V
dφ
(8)
1+
N=

V
2
φe
and


V
1 V3
1+
PR =
2
2
12π V
2

3

.

(9)

Also spectral index (n s ) and the running spectral index
α are as follows:
n s = 1 + 2η − 6

(10)

and
dn s
dn s
=−
.
(11)
d ln k
dN
In the following section, we first introduce the modified gravity f (R) with logarithmic and polynomial term
for the inflation model. And then apply all the concepts expressed in this section to the inflation model
and determine the range of each parameter by plotting
some figures.
α=

2. Features of inflation model on the brane
To investigate of inflation model on the brane, we need
to modify some cosmological parameters and relations.
In fact, in brane-world model, brane is placed in higher
dimensions of the bulk [23–26]. So in order to study the
inflation using such theory, we have to do some modification. In the first step, we have to modify Friedman
equations, which is expressed in the following equation:

1
ρ 
H2 =
ρ 1+
,
(4)
3Mpl
2
where  provides a relations between M4 and M5 which
is given by



M52
3
M4 =
(5)
M5 .
√
4π

M4 and M5 are four-dimensional and five-dimensional
Planck scales. Also the other parameter state Mpl =
√
(M4 / 8π) is the reduced Planck scale and  ≥
(1 MeV)4 . According to these concepts, slow-roll parameters are converted to the following form [27]:


1
V
1 V 2
1
+
(6)
≡
V 2
2 V

(1 + 2
)
and
η≡



V 
V





1
1+

V
2

.

(7)

3. Investigating logarithmic f (R) model on the
brane
As you know, f (R) model actually play a very important role for describing dark energy, cosmic acceleration
and other concepts related to cosmology. Various gravitational modified f (R) models are used to describe
quantum gravity. Certain f (R) models are commonly
used to describe neutron stars. Also logarithmic models are used to study some cosmological models as
well as gluons. The gravitational model that includes
a polynomial plus a logarithmic term has been studied
in the literature and some of its cosmological implication have been evaluated, as we see in [28]. In that case,
the researchers considered kinetic epoch, curvaturedominated point, the scalar tensor form, cosmological
parameters, especially critical points, and stability. This
gravitational model in connection with the slow-roll
conditions and a number of its cosmological implications were also examined in [12]. Here, we note that
when β = 0, the gravitational model is reduced to
the Starobinsky model. Also, a special example of this
model when the parameter γ = 0 and n = 4 has been
studied by researchers [28–35]. Here, we want to introduce a more general form of gravitational model that
actually includes a polynomial plus a logarithmic term.
This model has been used in the studies of the inflation
model using the condition of constant-roll and slow roll.
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Now, in this article we examine the logarithmic model on
brane and we want to know what it has to do swampland
criteria. So, the corresponding f (R) will be as follows
[12,28]:

and

f (R) = R + α R 2 + β R n + γ R 2 log γ R,

where  and  are the first and second derivatives of the
potential with respect to φ. We assume (V /)
1, and
this condition shows the upper bound of . So, by using
eqs (6) and (7) the modified cosmological parameters in
terms of  can be obtained as follows:
−2

1+n
n
(2− 3n
)
(1+ n2 )
2
2
A = −2
×3
γ K
1+n

−n
−K n
× (1 + n)
n!,
1+n


√
n
B = 4 6K n log
n+2
(21)

√
n
+4 6K n 2 log
φ −n−3 ,
n+2

n
2
,
C = 36K log
n+2
A×B
=
C

(12)

where α, β and γ are constant parameters and they give
correct dimension to f (R). We expand the logarithmic
term and select the largest term. So, the Einstein Hilbert
action will be as follows [12,28]:


1
1
4 √
S = d x −g
R − g μν ∇μ φ∇ν φ − V (φ) ,
2
2k
2
(13)
where
∂ F(χ )
.
∂χ
So, χ will be as follows:
1

( n+1
)
1 ( 1 )
n
ϕ n+1 .
χ=
n+2
γ
ϕ =1+

(14)

(15)

Using this equation, one can rewrite ϕ as
 
2
φ .
ϕ = exp
3

(16)

√
n
))
n( 6K (1 + n)φ + 3(−1 + n) log( n+2
V 
, (20)
=
√
n
2
V
φ ( 6K φ + 3 log( 2+n ))

and

−2

n 1+n
n 1−n
n
2(2− 2 ) × 3(1+ 2 ) γ K ( n+1
) (1 + n)2 ( −K
n!(3(−1 + n) log( n+2
))φ −n−3
1+n )
.
η=
√
n
6 6K log( n+2
)
3n

n

(22)

Now we want to get the ratio η to , which is given by
To obtain the corresponding potential with respect to
the new function and modified f (R) gravity, one can
achieve the aforementioned potential as [12,28]
(ϕ − 1)R(φ) − F(R(φ))
2ϕ 2
So, finally one can rewrite the potential as
2

n+1
1
n
1
V (φ) − 2
2K γ n + 1
n+1

 

2
n
+
φK
× log
n+2
3

 

2 2n
× exp −
φK
,
3n+1
V (φ) =

(17)

(18)

where K is a constant. In the following, we use eq. (18)
and obtain V  /V and V  /V which are given by
V
n
2K
= +
√
n
V
φ 2K φ + 6 log( 2+n
)

(19)

η

=

3(−1 + n)
,
4(1 + n)

(23)

where for simplicity, we take some limit. As we know at
φ = φe , if one of the slow-roll parameters are of order
one (that is), the inflation will end. Also here, we note
that in eq. (23) we have > η with respect to n. So, for
this case, we have the following equation:

n
2
A = 36K log
,
n+2
−2

1+n
n
(2− 3n
)
(1+ n2 )
2
2
B = −2
×3
γ K
1+n

−n
−K n
× (1 + n)
n!,
1+n


√
n
C = 4 6K n log
n+2

√
n
+4 6K n 2 log
,
n+2
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A
.
(24)
B×C
On the other hand, with respect to eqs (22) and (23), the
corresponding equation will be

φe−n−3 =

φe−n−3 =

only functions of n and N and they have no dependence
on the parameter  and other coefficients. Therefore,
our initial assumption about the parameter  is valid.
Also with respect to eqs (11) and (31) we shall have

√
n
)
6 6K log( n+2
−2

n 1+n
n 1−n
n
2(2− 2 ) × 3(1+ 2 ) γ K ( n+1
) (1 + n)2 ( −K
n!(3(−1 + n) log( n+2
))
1+n )
3n

n

So, according to eqs (8), (21) and (24), we calculate the
number of e-folds, which is given by

N=

3n

1

2

n

(26)

Also, according to eqs (8), (22) and (25), we obtain the
number of e-folds, which is given by
1

N=

3n

1

2

n

n 1+n
K n n 3+n
) (− 1+n
) φi
−2− 2 + 2 × 3− 2 − 2 ( 1+n

(3 + n)(γ K nn! + γ K n 2 n!)
−1 + n
.
+
(3 + n)

(27)

With respect these two equations and according to 50 ≤
N ≤ 60, we can ignore the second term or the contribution of φe . So, we have the following equation:
φi 3+n =

N (3 + n)(γ K nn! + γ K n 2 n!)
1

3n

1

n

2

n 1+n
Kn n
−2− 2 + 2 × 3− 2 − 2 ( 1+n
) (− 1+n
)

(25)

(32)

(33)

The tensor-to-scalar ratio according to eq. (29) is [36,
37],

n 1+n
K n n 3+n
−2− 2 + 2 × 3− 2 − 2 ( 1+n
) (− 1+n
) φi

(3 + n)(γ K nn! + γ K n 2 n!)
4(1 + n)
.
+
3(3 + n)

.

2(5 + 3n)
.
N 2 (3 + n)
Also according to (9) and (28), we have

α=−

8
nφ 4n √
n 1+n
n
6
) φ 2 ( −K
4−4+3n × 9−3−n ( 1+n
1+n ) ( 6K φ + 3 log( 2+n ))
PR =
.
√
n 2
3 γ 4 K 8 ((2 + n))4 (2K (1 + n)π φ + 6nπ log( 2+n
)

1
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4(1 + n)
.
(34)
3N (3 + n)
Now we specify the modified cosmological parameters in the f (R) gravity on the brane according to the
observed data and the aforementioned calculations. In
order to specify the corresponding parameters, we shall
have some figures.
In figures 1 and 2, we plot the spectral index n s and
running spectral index α against n. In those figures, the
number of e-folds are N = 50–60. As we can see in
figures 1 and 2, the cosmological parameters n s and α
are well represented for different values of n and e-folds
(N). Here, we note that for certain n it can match with
the observable data. As already mentioned, the value

r = 24 = 24

. (28)

By using eqs (28), (21) and (22), we shall have
4(1 + n)
,
3N (3 + n)
(−1 + n)n(1 + n)
η=
.
N (3 + n)(n + n 2 )
=

(29)
(30)

So with respect to eqs (29) and (30) and also eqs (10)
and (23), we can calculate
ns = 1 −

2(5 + 3n)
.
N (3 + n)

(31)

The most interesting thing here is that, the spectrum
scalar index as well as a series of other parameters are

Figure 1. The plot of spectral index n s vs. n with respect to
the number of e-folds (N = 50–60).
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Figure 2. The plot of running spectral index α vs. n with
respect to the number of e-folds (N = 50–60).

of n can be important for obtaining some cosmological
parameters which are in agreement with the observable
data with respect to the above gravitational model. The
same concepts can also be important for other cosmological parameters in terms of different values of n and N ,
which are well illustrated in these diagrams. We express
our observations about the different amounts of this data
in relation to other cosmological parameters as tensorto-scalar ratio. We shall further explain whether these
data are in compliance with the observed data.
From these figures, we can see that the spectral index
n s and running spectral index α are in agreement with
the observed data [38]. Also we want to plot figures 3–
5 for other cosmological parameters such as and η
against n when N = 50–60.
In addition, to compare the observed data with the
results obtained from the modified f (R) gravity on the
brane, we tried to draw cosmological parameters according to different values of n as well as N . Here, we
note that cosmological parameters are the scalar spectrum index, the tensor to scalar ratio etc. These figures
lead us to specify the associated range in each of these
parameters. As we can see in figure 6, depending on different values of n and N , the range of tensor-to-scalar
ratio for these values is specified. Also in figures 7–10,
two cosmological parameters n s in terms of r for different values of n and N are specified. We show that
these cosmological parameters are in agreement with
the observed data.
Before explaining the results of this paper with several figures and also obtaining the range of parameters
for the corresponding theory, in general we compare
this theory with other inflation models. As we know,
the standard inflation model for cosmic observations
has been generalised in various ways, including various types of effective low-energy theories such as f (R)
gravity, the brane gravitational model, etc. In the study
of inflation models with the swampland condition, there
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Figure 3. The plot of the slow-roll parameter
N = 50–60.

vs. n when

Figure 4. The plot of the slow-roll parameter η vs. n when
N = 50–60.

Figure 5. The plot of two parameters of slow-roll η vs. for
N = 60 and different values of n.

have always been problems such as the contradiction of
parameters such as the tensor-to-scalar ratio with the
swampland conjecture. It has been widely studied in
the literature. One way to resolve this contradiction is
to examine inflation models from the brane point of
view. In general, the swampland criteria violate many
inflation models; however, these models are consistent
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Figure 6. The plot of r vs. n for N = 50–60.

Figure 9. The plot of n s vs. r for N = 70 and different values
of n.

Figure 7. The plot of n s vs. r for N = 50 and different
values of n.

Figure 10. The plot of n s vs. r for N = 80 and different
values of n.

swampland criteria. Solutions such as the curvaton-like
mechanism and warm inflation or k-inflation can also
demonstrate this compatibility. Brane inflation can be
more important than other gravitational theories in compatibility with observable data, satisfying swampland
conditions, and especially resolving the discrepancy
between the tensor-to-scalar ratio with swampland conjectures [13–22,28–34].
According to these explanations, the results can be
expressed as follows:
Figure 8. The plot of n s vs. r for N = 60 and different
values of n.

with the swampland conjecture by examining them from
the brane point of view, such as reviewing chaotic and
power-law inflation as well as f (R) gravity theory. Perhaps the main difference between examining an inflation
model from a brane perspective and other generalised
models and theories is the alignment and consistency
of the inflation model with the observed data and the

• As our inflation model is a polynomial plus a logarithmic model, we have upper and lower limits for
n. In the case of expansion and generalisation of this
model, a structure with power n + 2 can be created.
Therefore, according to the upper and lower limits
considered for this model, the limit n = −2 to 1
can be acceptable. So as seen in a variety of models,
especially in figures 7–10 or r − n s plan for different
e-folds (N) and n = −2 to 1 can be more compatible with the observed data, but this compatibility is
better seen in the range −1 to 0.
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• This accepted value can also be seen in the study of
slow-roll parameters, i.e., and η in terms of n with
respect to N = 50–60 in figures 3–5.
• In figures 1 and 2, the compatibility of the scalar
spectral index n s and the running spectral index α
in this limit, (n = −2 to 1), especially in the range
(−1 to 0) can be accepted and it is consistent with
the observed data.
• Here, we note that the f (R) gravity as a deformed
Starobinsky model [34] can be explained by this
condition in some way, but the important point is
that the incompatibility of the tensor-to-scalar ratio
with the swampland conjecture cannot be compatible with recent achievements in the literature of the
swampland conjecture. Also, by using coefficients
of the modified gravity theory and observed data,
we can specify the values of φ and , as well as
their constraints. In this article, we also studied the
logarithmic model and its compatibility with swampland criteria. All the values calculated in this article
can be examined for other models. As we can see,
the significant and surprising point in this article is
the non-dependence of some of the most important
cosmological parameters such an n s and α to .

4. Conclusion
In this article, we studied new conditions in relation
to inflation models as logarithmic f (R) model on the
brane. Therefore, we introduced a f (R) modified gravity model that includes a polynomial plus a logarithmic
term, R + α R 2 + β R n + γ R 2 log γ R. This logarithmic
model on brane modify the cosmological parameters.
So, by calculating these cosmological parameters such
as spectral index, tensor-to-scalar ratio and the number
of e-folds, we examined the compatibility of logarithmic
model with swampland criteria. By using the information of figures and observed data such as Planck 2018,
we specify the range of the corresponding cosmological parameters. Different types of inflation models with
this method give us some opportunity to choose the best
model and employ suitable cosmological parameters for
describing the early Universe.
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