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We apply the holographic principle at the early universe, obtaining an inflation realization of holographic 
origin. Such a consideration has equal footing with its well-studied late-time application, and moreover 
the decrease of the horizons at early times naturally increases holographic energy density at inflationary 
scales. Taking as Infrared cutoff the particle or future event horizons, and adding a simple correction due 
to the Ultraviolet cutoff, whose role is non-negligible at the high energy scales of inflation, we result 
in a holographic inflation scenario that is very efficient in incorporating inflationary requirements and 
predictions. We first extract analytically the solution of the Hubble function in an implicit form, which 
gives a scale factor evolution of the desired e-foldings. Furthermore, we analytically calculate the Hubble 
slow-roll parameters and then the inflation-related observables, such as the scalar spectral index and its 
running, the tensor-to-scalar ratio, and the tensor spectral index. Confronting the predictions with Planck 
2018 observations we show that the agreement is perfect and in particular deep inside the 1σ region.

© 2019 Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

The holographic principle originates from black hole thermo-
dynamics and string theory [1–4], and establishes a connection of 
the Ultraviolet cutoff of a quantum field theory, which is related to 
the vacuum energy, with the largest distance of this theory, which 
is related to causality and the quantum field theory applicability 
at large distances [5]. This consideration has been applied exten-
sively at a cosmological framework at late times, in which case the 
obtained vacuum energy constitutes a dark energy sector of holo-
graphic origin, called holographic dark energy [6] (for a review see 
[7]). In particular, the holographic energy density is proportional 
to the inverse squared Infrared cutoff LIR, which since is related to 
causality it must be a form of horizon, namely

ρ = 3c2

κ2L2
IR

, (1)
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with κ2 the gravitational constant and c a parameter. Holographic 
dark energy proves to have interesting phenomenology, both in its 
basic [6–14] as well as in its various extensions [15–22], and it can 
fit observations [23–29].

Despite the extended research on the application of holographic 
principle in late-time cosmology and dark-energy epoch, there has 
not been any attempt in applying it at early universe, namely to 
obtain an inflationary realization of holographic origin. Neverthe-
less, such consideration has equal footing with its late-time appli-
cation, and moreover, observing the form of (1), we deduce that 
since at early times the largest distance is small, the holographic 
energy density is naturally suitably large in order to lie in the in-
flationary scale.

In the present Letter we are interested in investigating holo-
graphic inflation, namely to acquire a successful inflation triggered 
by the energy density of holographic origin. Since the involved en-
ergy scales at this epoch are high, we should additionally consider 
a correction coming from the Ultraviolet cutoff. As we show, al-
though the basic scenario is very simple and natural, it can be very 
efficient and results to inflationary observables in perfect agree-
ment with observations. Furthermore, as we show, one can extend 
the basic scenario to more subtle constructions.
 BY license (http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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2. Holographic inflation

In this section we will construct the basic model of holographic 
inflation. We consider a homogeneous and isotropic Friedmann-
Robertson-Walker (FRW) geometry with metric

ds2 = −dt2 + a2(t)

(
dr2

1 − kr2
+ r2d�2

)
, (2)

where a(t) is the scale factor and with k = 0, +1, −1 correspond-
ing respectively to flat, close and open spatial geometry. In this 
work for convenience we focus on the flat case, nevertheless the 
generalization to non-flat geometry is straightforward.

In a general inflation scenario the first Friedmann equations is 
written as

H2 = κ2

3
ρinf, (3)

where ρinf is the energy density of the (effective) fluid that drives 
inflation, which can originate from a scalar field, from modified-
gravity, or from other sources and mechanisms. Note that as usual 
we have neglected the contributions from other components, such 
as the matter and radiations sectors.

In this work we consider that inflation has a holographic origin, 
namely that its source is the holographic energy density. Hence, 
imposing that ρinf is ρ of (1), the Friedmann equation (3) for an 
expanding universe becomes simply

H = c

LIR
. (4)

As it is well-known, H−1 corresponds to the radius of the cosmo-
logical horizon which gives the limit of the causal relations from 
the viewpoint of the classical geometry, namely any information 
beyond the horizon cannot affect us at least at the time when we 
measure H . The original idea of the holographic energy paradigm 
comes by identifying the classical horizon radius with the infrared 
cutoff in the quantum field theory, since we neglect any contribu-
tion coming from energy scales smaller than the cutoff scale. This 
implies that we may relate, as we will see later, the horizon ra-
dius H−1 with the Infrared cutoff, since the information in energy 
scales larger than the Ultraviolet cutoff scale is irrelevant.

The simplest choice is that LIR should be exactly the Hubble ra-
dius, which however cannot be used at late-times application since 
it cannot lead to an accelerating universe [30], and this is the case 
for the next guess, namely the particle horizon. Hence, one can use 
the future event horizon [6], the age of the universe or the confor-
mal time [31,32], the inverse square root of the Ricci curvature 
[33], a combination of Ricci, Gauss-Bonnet [34] or other curvature 
invariants, or even consider a general Infrared cutoff as an arbi-
trary function of the above and their derivatives [35].

Contrary to the case of late-time application of holographic 
principle, namely the holographic dark energy, in the present infla-
tionary application almost all the above choices can be successful 
in driving inflation, due to the absence of matter sector, apart from 
the simplest case of the Hubble radius which leads to a trivial re-
sult. In particular, we may consider the particle horizon Lp or the 
future event horizon Lf , which are given as

Lp ≡ a

t∫
0

dt

a
, Lf ≡ a

∞∫
t

dt

a
. (5)

Inserting these into (4) we obtain

d ( c )
= m

, (6)

dt aH a
where m = 1 corresponds to the particle horizon and m = −1 to 
the future event horizon. In the second case, and for c = 1, we 
immediately extract the de Sitter solution

a = a0eH0t , (7)

with a0, H0 the two integration constants. Hence, as we observe, 
the basic inflationary feature can be straightforwardly obtained.

Since we investigate the application of holographic principle at 
early times, and thus at high energy scales, apart from the Infrared 
cutoff we should consider the effects of the Ultraviolet cutoff �UV

too. In particular, at this regime the quantum effects become im-
portant, and thus the Infrared cutoff acquires a correction by the 
Ultraviolet one, which as was shown in [36] takes the simple form

L ≡
√

L2
IR + 1

�2
UV

. (8)

Therefore, inserting this corrected expression into (4), with LIR be-
ing either the particle horizon Lp or the future event horizon Lf, 
we obtain

m

a
= d

dt

(
1

a

√
c2

H2
− 1

�2
UV

)
, (9)

or equivalently

Ḣ = − H3

c2

{
m

√
c2

H2
− 1

�2
UV

+ H

(
c2

H2
− 1

�2
UV

)}
. (10)

As we will soon see, the above simple modification caused by 
�UV has a crucial effect in the inflation realization, namely it can 
cause a successful exit from the de-Sitter solution (7) obtained for 
�UV → ∞, and most importantly it can lead to inflationary predic-
tions in perfect agreement with observations.

The general solution of (10), for �UV not being equal to 0 or 
infinity, can be written in an implicit form as√

c2 − H2

�2
UV

(c2 − 1)
3
2 �2

UV

√
H2 − c2�2

UV

tan−1

⎡
⎢⎣ mH

√
c2 − 1

√
H2 − c2�2

UV

⎤
⎥⎦

+
m
√

c2 − H2

�2
UV

− c2

c2(c2 − 1)H�2
UV

+
tanh−1

[
H√

c2−1�UV

]

(c2 − 1)
3
2 �3

UV

= − t

c2�2
UV

+ C0,

(11)

whose integration provides the scale factor evolution. Note that 
the above solution is real and well behaved for all c > 0. Hence, 
since the evolution of H(t) is known, we can straightforwardly ob-
tain the Hubble slow-roll parameters εn (with n positive integer), 
defined as [37–40]

εn+1 ≡ d ln |εn|
dN

, (12)

with ε0 ≡ Hini/H and N ≡ ln(a/aini) the e-folding number, and 
where aini is the scale factor at the beginning of inflation and Hini

the corresponding Hubble parameter (inflation ends when ε1 = 1). 
Thus, we can calculate the values of the inflationary observables, 
namely the scalar spectral index of the curvature perturbations ns , 
its running αs ≡ dns/d ln k with k the absolute value of the wave 
number �k, the tensor spectral index nT and the tensor-to-scalar ra-
tio r, as [39]
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Fig. 1. 1σ (yellow) and 2σ (light yellow) contours for Planck 2018 results (Planck 
+T T + low P ) [42], on ns − r plane. Additionally, we present the predictions of holo-
graphic inflation for m = −1 (i.e. the future event horizon is used), with c = 1.007, 
�UV = 20 (black points), c = 1.009, �UV = 19 (red points), c = 1.009, �UV = 18
(blue points), and c = 1.01, �UV = 18 (green points), in units where κ2 = 1, for e-
folding number between N = 50 and N = 60 (for some of the cases the results for 
N varying between 50 and 60 cannot be distinguished at the resolution scale of the 
figure).

r ≈ 16ε1, (13)

ns ≈ 1 − 2ε1 − 2ε2, (14)

αs ≈ −2ε1ε2 − ε2ε3, (15)

nT ≈ −2ε1, (16)

where the first three εn are straightforwardly extracted from (12)
to be

ε1 ≡ − Ḣ

H2
, (17)

ε2 ≡ Ḧ

H Ḣ
− 2Ḣ

H2
, (18)

ε3 ≡
(

Ḧ H − 2Ḣ2
)−1

·
[

H Ḣ
...
H − Ḧ(Ḣ2 + H Ḧ)

H Ḣ
− 2Ḣ

H2
(H Ḧ − 2Ḣ2)

]
. (19)

We mention here that in principle in order to extract the exact 
expressions for the inflationary observables we should perform a 
full perturbation analysis for this specific holographic model, based 
on the detailed perturbation analysis of holographic dark energy 
performed in [41]. Nevertheless, for the purpose of the present 
work the approximate relations (13)-(16), that hold for every sce-
nario as long as H(t) is known [39], are adequate in order to 
provide the approximate values for the inflationary observables.

Relations (13)-(16) are very useful, since they allow for a com-
parison of the predictions of holographic inflation with observa-
tions. In Fig. 1 we present the estimated tensor-to-scalar ratio of 
the specific scenario for four parameter choices and for e-folding 
numbers varying between N = 50 and N = 60, on top of the 1σ
and 2σ contours of the Planck 2018 results [42]. As we observe, 
the agreement with observations is very efficient, and in particular 
well inside the 1σ region.

In the scenario of holographic inflation examined above, the dif-
ferential equation (10) allows to eliminate the time-derivatives of 
H in terms of H in (17)-(19), and therefore extract analytical and 
quite simple expressions for the inflationary observables. In partic-
ular, doing so we find that

r = 16

⎛
⎜⎜⎝1 − H2

c2�2
UV

+
m
√

c2 − H2

�2
UV

c2

⎞
⎟⎟⎠ , (20)
Fig. 2. 1σ (yellow) and 2σ (light yellow) contours for Planck 2018 results (Planck 
+T T + low P ) [42], on ns − r plane. Additionally, we present the analytical predic-
tions of holographic inflation, namely the parametric curve (24), for m = −1 and 
q = −1, and for c = 1.008 (black-solid curve), for c = 1.009 (blue-dashed curve), 
and for c = 1.010 (red-dotted curve). �UV does not explicitly determine the form of 
the curves, however since it affects the duration of inflation and the e-folding num-
ber it implicitly determines their bounds (we have considered �UV to vary between 
1 and 100 in units where κ2 = 1 and the e-folding number to vary between N = 50
and N = 60).

ns = −1 − 2m√
c2 − H2

�2
UV

− 2H2

c2�2
UV

, (21)

αs =
mH4

(
m +

√
c2 − H2

�2
UV

)
c4�2

UV(c2�2
UV − H2)

, (22)

nT = − r

8
. (23)

Hence, we can now eliminate H2

�2
UV

between (20), (21) and between 
(20), (22), and obtain the relation of ns and αs in terms of r, 
namely

ns = −3 + r

8
+ 2 − l

√
c2r + 4

2c2
− 8m√

c2r + 8 − 4l
√

c2r + 4
, (24)

and

αs =
m
[

8 + c2(r − 16) − 4q
√

c2r + 4
]2

64c4
(

8 + c2r − 4q
√

c2r + 4
)

·
(

4m +
√

8 + c2r − 4q
√

c2r + 4

)
, (25)

where l = ±1 corresponds to two solutions branches. Interestingly 
enough, we observe that as long as �UV is finite and non-zero it 
does not appear in the above relations (24) and (25), although its 
effect was crucial in generating a new solution branch that did 
not exist in the case where �UV in (8) was absent (namely when 
�UV → ∞, i.e. when there is no Ultraviolet cutoff). Of course it 
does appear in the solution for H (relation (11)), and hence along 
with c it determines the duration of inflation and the e-folding 
number, and thus the bounds of the above parametric curves.

However, the most significant feature is that relation (24) leads 
to r and ns values in perfect agreement with observations, as long 
as one chooses suitably the holographic parameter c. In particular, 
one can deduce that the most interesting case is when m = −1 (i.e. 
the future event horizon is used) and when q = −1. In this case, as 
one can see from Fig. 2, with c slightly larger than 1 we can obtain 
a ns inside its observational bounds and r adequately small. Finally, 
calculations of αs using (25) result to typical values of the order of 
10−7, and thus well inside the observational bounds [42]. These 
are the main result of the present work and reveal the capabilities 
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of holographic inflation, since it is well-known that the majority of 
inflationary models cannot result to adequately small r.

We close this analysis by making a comment on reheating, 
which is a necessary phase that should follow the inflationary one. 
In our model, the reheating can be obtained in a similar way to 
Starobinsky R2 inflation, namely driven by scalaron (composite) 
degree of freedom. Hence, with the addition of this mechanism, 
we can obtain the transition to the post-inflationary thermal his-
tory of the universe.

3. Generalized scenarios

In this section we apply the holographic principle at early 
times, however considering extended Infrared cutoffs. Such exten-
sions have been applied in the late-time universe, resulting in 
generalized holographic dark energy [35]. In particular, in these 
holographic constructions one considers a general Infrared cut-off 
LIR, which could be a function of both Lp and Lf [14] and their 
derivatives, or additionally of the Hubble horizon and its deriva-
tives as well as of the scale factor [35], namely

LIR = LIR
(
Lp, L̇p, L̈p, · · · , Lf, L̇f, L̈f, · · · ,a, H, Ḣ, Ḧ, · · · ) . (26)

Hence, applying the above general Infrared cutoff at the early uni-
verse gives as enhanced freedom to obtain a successful inflationary 
realization.

Without loss of generality we consider the following specific 
example. We start by considering an Infrared cutoff of the form

LIR = − 1

6α Ḣ2a6

t∫
dta6 Ḣ , (27)

with α the model parameter. Inserting this expression into the in-
flationary Friedmann equation (4) and taking c = 1 for simplicity, 
leads to the differential equation

3H2 = α
(
−108H2 Ḣ + 18Ḣ2 − 36H Ḧ

)
. (28)

Having in mind that the Ricci scalar in FRW geometry is just R =
6(2H2 + Ḣ), the above differential equation can be re-written in 
the form

F (R)

2
= 3

(
H2 + Ḣ

)
F ′(R) − 18

(
4H2 Ḣ + H Ḧ

)
F ′′(R), (29)

with F (R) = R + αR2. Equation (29) is just the first Friedmann 
equation of the R2-gravity [43–46] (see [47,48] for reviews in F (R)

gravity) in the absence of matter. Therefore, the scenario of holo-
graphic inflation, under the generalized Infrared cutoff (27) can 
reproduce Starobinsky R2 inflation [43], which is known to lead 
to inflationary observables in a very good agreement with obser-
vations [42].

In similar lines, one can consider other generalized Infrared cut-
offs in order to obtain a correspondence with other geometrical 
inflationary models, such as Gauss-Bonnet and f (G) inflation [49], 
f (T ) inflation, etc. These capabilities act as an additional advan-
tage in favour of generalized holographic inflation (see also [50]).

4. Conclusions

In this work we applied the holographic principle at the early 
universe, obtaining an inflation realization of holographic origin. 
Although holographic energy density has been well studied at late 
times, giving rise to holographic dark energy, up to now it had not 
been incorporated at early times, although such consideration has 
equal footing, and moreover despite the fact that the decrease of 
the horizons at early times naturally increases holographic energy 
density at inflationary scales.

Taking as Infrared cutoff the particle or future event horizons, 
and adding a simple correction due to the Ultraviolet cutoff, whose 
role is non-negligible at the high energy scales of inflation, we 
resulted in a holographic inflation scenario that is very efficient 
in incorporating inflationary requirements and predictions. In par-
ticular, we first extracted analytically the solution of the Hubble 
function in an implicit form, which can give a scale factor evolu-
tion of the desired e-foldings.

Furthermore, we analytically calculated the Hubble slow-roll 
parameters and then the inflation-related observables, such as the 
scalar spectral index and its running, the tensor-to-scalar ratio, 
and the tensor spectral index, which were found to follow simple 
expressions. Confronting the predictions with Planck 2018 observa-
tions, we showed that the agreement is perfect, and in particular 
deep inside the 1σ region. Additionally, we found that with ns
being inside its observational bounds r can be adequately small. 
These are the main result of the present work and reveal the ca-
pabilities of holographic inflation, since it is well-known that the 
majority of inflationary models cannot lead to adequately small r.

Finally, we constructed generalizations of holographic inflation 
which are based on extended Infrared cutoffs. Under these consid-
erations we showed that we can reconstruct Starobinsky inflation, 
which is also known to be in a very good agreement with the data, 
as well as obtain a correspondence with other inflationary scenar-
ios of geometrical origin. In summary, holographic inflation proves 
to have a very interesting phenomenology, and thus it is a good 
candidate for the description of the early universe.

Acknowledgements

This work is partially supported by MEXT KAKENHI Grant-in-
Aid for Scientific Research on Innovative Areas “Cosmic Acceler-
ation” No. 15H05890 (S.N.) and the JSPS Grant-in-Aid for Scien-
tific Research (C) No. 18K03615 (S.N.), and by MINECO (Spain), 
FIS2016-76363-P (S.D.O).

References

[1] G. ’t Hooft, Salamfest 1993: 0284-296, arXiv:gr-qc /9310026, 1993.
[2] L. Susskind, J. Math. Phys. 36 (1995) 6377, arXiv:hep -th /9409089.
[3] E. Witten, Adv. Theor. Math. Phys. 2 (1998) 253, arXiv:hep -th /9802150.
[4] R. Bousso, Rev. Mod. Phys. 74 (2002) 825, arXiv:hep -th /0203101.
[5] A.G. Cohen, D.B. Kaplan, A.E. Nelson, Phys. Rev. Lett. 82 (1999) 4971, arXiv:

hep -th /9803132.
[6] M. Li, Phys. Lett. B 603 (2004) 1, arXiv:hep -th /0403127.
[7] S. Wang, Y. Wang, M. Li, Phys. Rep. 696 (2017) 1, arXiv:1612 .00345 [astro -ph .

CO].
[8] D. Pavon, W. Zimdahl, Phys. Lett. B 628 (2005) 206, arXiv:gr-qc /0505020.
[9] S. Nojiri, S.D. Odintsov, Gen. Relativ. Gravit. 38 (2006) 1285, arXiv:hep -th /

0506212.
[10] H. Kim, H.W. Lee, Y.S. Myung, Phys. Lett. B 632 (2006) 605, arXiv:gr-qc /

0509040.
[11] K. Enqvist, M.S. Sloth, Phys. Rev. Lett. 93 (2004) 221302, arXiv:hep -th /0406019.
[12] X. Zhang, Int. J. Mod. Phys. D 14 (2005) 1597, arXiv:astro -ph /0504586.
[13] B. Guberina, R. Horvat, H. Stefancic, J. Cosmol. Astropart. Phys. 0505 (2005) 001, 

arXiv:astro -ph /0503495.
[14] E. Elizalde, S. Nojiri, S.D. Odintsov, P. Wang, Phys. Rev. D 71 (2005) 103504, 

arXiv:hep -th /0502082.
[15] M. Ito, Europhys. Lett. 71 (2005) 712, arXiv:hep -th /0405281.
[16] Y.g. Gong, B. Wang, Y.Z. Zhang, Phys. Rev. D 72 (2005) 043510, arXiv:hep -th /

0412218.
[17] E.N. Saridakis, Phys. Lett. B 660 (2008) 138, arXiv:0712 .2228 [hep -th].
[18] Y. Gong, T. Li, Phys. Lett. B 683 (2010) 241, arXiv:0907.0860 [hep -th].
[19] M. Bouhmadi-Lopez, A. Errahmani, T. Ouali, Phys. Rev. D 84 (2011) 083508, 

arXiv:1104 .1181 [astro -ph .CO].
[20] M. Malekjani, Astrophys. Space Sci. 347 (2013) 405, arXiv:1209 .5512 [gr-qc].
[21] M. Khurshudyan, J. Sadeghi, R. Myrzakulov, A. Pasqua, H. Farahani, Adv. High 

Energy Phys. 2014 (2014) 878092, arXiv:1404 .2141 [gr-qc].

http://refhub.elsevier.com/S0370-2693(19)30543-X/bib74486F6F66743A31393933646D69s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib537573736B696E643A313939347675s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib57697474656E3A31393938716As1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib426F7573736F3A323030326A75s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib436F68656E3A313939387A78s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib436F68656E3A313939387A78s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C693A323030347262s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib57616E673A323031366F6368s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib57616E673A323031366F6368s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib5061766F6E3A323030357978s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4E6F6A6972693A323030357075s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4E6F6A6972693A323030357075s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4B696D3A323030356174s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4B696D3A323030356174s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib456E71766973743A323030347876s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib5A68616E673A32303035797As1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4775626572696E613A323030356662s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4775626572696E613A323030356662s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib456C697A616C64653A323030356A75s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib456C697A616C64653A323030356A75s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib49746F3A323030347169s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib476F6E673A323030346362s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib476F6E673A323030346362s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib5361726964616B69733A323030376379s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib476F6E673A323030396463s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib426F75686D6164694C6F70657A3A323031317869s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib426F75686D6164694C6F70657A3A323031317869s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4D616C656B6A616E693A323031326277s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4B6875727368756479616E3A32303134617861s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4B6875727368756479616E3A32303134617861s1


S. Nojiri et al. / Physics Letters B 797 (2019) 134829 5
[22] R.C.G. Landim, Int. J. Mod. Phys. D 25 (04) (2016) 1650050, arXiv:1508 .07248
[hep -th].

[23] X. Zhang, F.Q. Wu, Phys. Rev. D 72 (2005) 043524, arXiv:astro -ph /0506310.
[24] M. Li, X.D. Li, S. Wang, X. Zhang, J. Cosmol. Astropart. Phys. 0906 (2009) 036, 

arXiv:0904 .0928 [astro -ph .CO].
[25] C. Feng, B. Wang, Y. Gong, R.K. Su, J. Cosmol. Astropart. Phys. 0709 (2007) 005, 

arXiv:0706 .4033 [astro -ph].
[26] X. Zhang, Phys. Rev. D 79 (2009) 103509, arXiv:0901.2262 [astro -ph .CO].
[27] J. Lu, E.N. Saridakis, M.R. Setare, L. Xu, J. Cosmol. Astropart. Phys. 1003 (2010) 

031, arXiv:0912 .0923 [astro -ph .CO].
[28] S.M.R. Micheletti, J. Cosmol. Astropart. Phys. 1005 (2010) 009, arXiv:0912 .3992

[gr-qc].
[29] Q.G. Huang, Y.G. Gong, J. Cosmol. Astropart. Phys. 0408 (2004) 006, arXiv:astro -

ph /0403590.
[30] S.D.H. Hsu, Phys. Lett. B 594 (2004) 13, arXiv:hep -th /0403052.
[31] R.G. Cai, Phys. Lett. B 657 (2007) 228, arXiv:0707.4049 [hep -th].
[32] H. Wei, R.G. Cai, Phys. Lett. B 660 (2008) 113, arXiv:0708 .0884 [astro -ph].
[33] C. Gao, X. Chen, Y.G. Shen, Phys. Rev. D 79 (2009) 043511, arXiv:0712 .1394

[astro -ph].
[34] E.N. Saridakis, Phys. Rev. D 97 (6) (2018) 064035, arXiv:1707.09331 [gr-qc].
[35] S. Nojiri, S.D. Odintsov, Eur. Phys. J. C 77 (8) (2017) 528, arXiv:1703 .06372

[hep -th].
[36] S. Nojiri, S.D. Odintsov, Phys. Rev. D 70 (2004) 103522, arXiv:hep -th /0408170.
[37] D.I. Kaiser, Phys. Rev. D 52 (1995) 4295, arXiv:astro -ph /9408044.
[38] M. Sasaki, E.D. Stewart, Prog. Theor. Phys. 95 (1996) 71, arXiv:astro -ph /
9507001.

[39] J. Martin, C. Ringeval, V. Vennin, Phys. Dark Universe 5–6 (2014) 75, arXiv:
1303 .3787 [astro -ph .CO].

[40] R.P. Woodard, Int. J. Mod. Phys. D 23 (09) (2014) 1430020, arXiv:1407.4748
[gr-qc].

[41] M. Li, C. Lin, Y. Wang, J. Cosmol. Astropart. Phys. 0805 (2008) 023, arXiv:0801.
1407 [astro -ph].

[42] Y. Akrami, et al., Planck Collaboration, arXiv:1807.06211 [astro -ph .CO].
[43] A.A. Starobinsky, Phys. Lett. B 91 (1980) 99.
[44] S. Capozziello, Int. J. Mod. Phys. D 11 (2002) 483, arXiv:gr-qc /0201033.
[45] S.M. Carroll, V. Duvvuri, M. Trodden, M.S. Turner, Phys. Rev. D 70 (2004) 

043528, arXiv:astro -ph /0306438.
[46] S. Nojiri, S.D. Odintsov, Phys. Rev. D 68 (2003) 123512, arXiv:hep -th /0307288.
[47] S. Nojiri, S.D. Odintsov, V.K. Oikonomou, Phys. Rep. 692 (2017) 1, arXiv:1705 .

11098 [gr-qc].
[48] S. Capozziello, M. De Laurentis, Phys. Rep. 509 (2011) 167, arXiv:1108 .6266

[gr-qc].
[49] P. Kanti, R. Gannouji, N. Dadhich, Phys. Rev. D 92 (4) (2015) 041302, arXiv:

1503 .01579 [hep -th].
[50] P. Binetruy, E. Kiritsis, J. Mabillard, M. Pieroni, C. Rosset, J. Cosmol. Astropart. 

Phys. 1504 (04) (2015) 033, arXiv:1407.0820 [astro -ph .CO].

http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C616E64696D3A32303135687161s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C616E64696D3A32303135687161s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib5A68616E673A323030356873s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C693A32303039626Es1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C693A32303039626Es1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib46656E673A32303037776Es1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib46656E673A32303037776Es1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib5A68616E673A32303039756Es1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C753A323030396976s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C753A323030396976s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4D696368656C657474693A323030396A79s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4D696368656C657474693A323030396A79s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4875616E673A323030347774s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4875616E673A323030347774s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4873753A323030347269s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4361693A323030377573s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib5765693A323030377479s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib47616F3A323030376570s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib47616F3A323030376570s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib5361726964616B69733A3230313772646Fs1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4E6F6A6972693A323031376F7063s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4E6F6A6972693A323031376F7063s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4E6F6A6972693A323030347066s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4B61697365723A313939347673s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib536173616B693A313939356177s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib536173616B693A313939356177s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4D617274696E3A32303133746461s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4D617274696E3A32303133746461s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib576F6F646172643A323031346A6261s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib576F6F646172643A323031346A6261s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C693A323030387A71s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4C693A323030387A71s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib416B72616D693A323031386F6462s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib537461726F62696E736B793A313938326565s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4361706F7A7A69656C6C6F3A323030327264s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib436172726F6C6C3A323030337779s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib436172726F6C6C3A323030337779s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4E6F6A6972693A323030336674s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4E6F6A6972693A323031376E6364s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4E6F6A6972693A323031376E6364s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4361706F7A7A69656C6C6F3A323031316574s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4361706F7A7A69656C6C6F3A323031316574s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4B616E74693A32303135706461s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib4B616E74693A32303135706461s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib42696E65747275793A323031347A7961s1
http://refhub.elsevier.com/S0370-2693(19)30543-X/bib42696E65747275793A323031347A7961s1

	Holographic inﬂation
	1 Introduction
	2 Holographic inﬂation
	3 Generalized scenarios
	4 Conclusions
	Acknowledgements
	References


