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Abstract The paper studies different observational fea-
tures in the case of a specific cubic gravity theory, based
on third order contractions of the Riemann tensor. Consider-
ing viable cosmic chronometers data, baryon acoustic oscil-
lations, and supernovae, we analyze the viability of such a
theoretical model, obtaining specific constraints for different
parameters in the current scenario. It is shown that the present
extension of the �CDM cosmological model is compatible
with recent data sets. The results indicate that the dark energy
equation of state is exhibiting a phantom regime in the near
past in the case of the best fitted values, a behavior which is
in agreement with various phenomenological studies.

1 Introduction

In the present cosmological context [1–4], the accelerated
expansion [5] plays a fundamental role, opening a variety of
research directions in science and technology. Although the
accelerated expansion has been discovered at the end of the
last millennium [6,7], it remained an open problem [8] in
cosmological theories, driving the background dynamics of
the Universe. This phenomenon, coined as dark energy, has
been probed using different observational techniques [9–15].
The simplest possible theoretical model is the �CDM model
[16], a cosmological scenario which extends the Einstein–
Hilbert action by adding a cosmological constant �, lead-
ing to a theoretical representation having a constant equa-
tion of state [17]. The �CDM model can explain the dark
energy phenomenon at the level of background dynamics
[18,19], representing a possible theoretical representation as
an approximate effective theory. However, this model is not
fully compatible to the evolution of the Universe [20–24] and
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cannot explain several properties of the dark energy equation
of state [25–28]. Consequently, various scalar tensor theories
of gravitation have been proposed [29–33], aiming towards
a more complete theory of gravitation compatible to the evo-
lution of our Universe [30].

In these theories the f (R) model appeared as a natural
extension [34–36], based on the scalar curvature. This model
can explain different aspects related to the evolution of the
Universe, representing a possible direction in scalar tensor
theories [37,38]. Later, various theories have appeared, based
on different specific invariants [39–44]. Another particular
representation is related to the presence of scalar fields [45–
50], specific components which are also compatible to the
accelerated expansion, driving the dark energy phenomenon.
These fields can also be coupled to different specific invari-
ants, in a non–minimally representation [51–55]. Hence, in
the modified gravity theories, the accelerated expansion rep-
resents a curious phenomenon which is compatible to differ-
ent representations [56], a compatibility acting on the funda-
mental geometry of space and time.

In the modified gravity theories a specific model has been
developed recently, denoted as the Einsteinian cubic gravity
[57]. This model was introduced in an attempt of obtaining
a more general theory of gravitation, by considering a lin-
earization technique [57]. Furthermore, a more generic grav-
ity theory in a four dimensional space–time has been pro-
posed [58], a specific model which can explain the current
accelerated expansion of the Universe. The dynamical anal-
ysis [59] for such a theory has been investigated in Refs. [60–
62], analyzing specific properties of the background expan-
sion. The inclusion of higher order invariants in the gravity
theories has attracted a lot of attention in the recent years [63–
69]. In Ref. [70] the authors have considered different data
sets, constraining the generic f (P) cubic gravity theories
using a machine learning approach. Also, the non–minimal
coupling of the scalar fields with cubic invariants has been
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investigated recently [71–73]. The inclusion of such higher
order terms has applications in the inflationary epoch [74–
77], in the study of black holes solutions [78–81], with var-
ious ramifications in different aspects of cosmological theo-
ries [82–84].

In modified gravity theories [16] a particular characteristic
is related to astrophysical observations, analyzing the com-
patibility between the predicted values and the specific late
time observations. Hence, the ability of the corresponding
models to act closely and in a compatible manner with recent
observations [85] is a crucial aspect. In recent years sev-
eral works [86–91] were dedicated to the study of modified
gravity theories by considering an observational perspective.
Recently, in Ref. [86] Big Bang nucleosynthesis has been
considered in the observational study of a particular modi-
fied gravity theory in teleparallel gravity. Another approach
is related to the black hole formation in the early radiation
epoch [92]. Furthermore, gravitational waves can be used
as a probe for modified gravity theories [93], distinguishing
the viable theories from an observational perspective. More-
over, N–body simulations [94] can be used together with
cosmological data in order to investigate several properties
related to the structure formation. In [95] the authors use a
variety of cosmological probes (CMB, BAO, Pantheon data
from Supernovae Type Ia, RSD) for the analysis of obser-
vational constraints in the case of specific dark matter and
dark energy models. As can be noted, in the recent litera-
ture several approaches have been dedicated to the study of
modified gravity theories from the viewpoint of astrophys-
ical observations, representing an important tool associated
to the accelerated expansion phenomenon.

In the present paper we shall further investigate the cubic
gravity theory by adopting an observational perspective [96],
considering different data sets, based on cosmic chronome-
ters (CC), baryon acoustic oscillations (BAO), and super-
novae (SNe). The approach will analyze the extension of the
�CDM model towards a higher order gravity theory, con-
sidering a linear representation which takes into account a
cubic invariant based on third order contractions of the Rie-
mann tensor. This enables us to further examine the physi-
cal implications of such higher order terms in this geometric
setup, obtaining viable constraints from the viewpoint of cur-
rent observations. Hence, our model is based on a particular
extension of the Einstein–Hilbert action, embedding viable
geometrical manifestations in the proposed action, originat-
ing from specific cubic components [96,97]. As discussed
in [61] the cubic components are expected to influence the
dynamics at early times, while at late times the cosmologi-
cal constant mainly drives the accelerated expansion. In this
regard, the non–negligible deviations from the �CDM model
which are compatible with recent observations might result
from higher order geometrical corrections.

The paper is organized as follows. In Sect. 2 we briefly
discuss the present extension of the �CDM model, present-
ing the corresponding fields equations which are obtained by
varying the action with respect to the inverse metric. Then,
in Sect. 3 we discuss the basic ingredients used in order to
apply the Markov–Chain–Monte–Carlo (MCMC) sampling,
analyzing the obtained results. Lastly, in Sect. 4 we give a
short summary and the final concluding remarks.

2 The cosmological model

In the following, we shall briefly present the cosmological
model studied in the manuscript. We have considered a higher
order extension of the �CDM model by embedding a spe-
cific cubic invariant in the corresponding action, based on
third order contractions of the Riemann tensor. Hence, the
theoretical scenario is assumed to be described by the fol-
lowing action [57,58]:

S = Sm +
∫

d4x
√−g

(
1

2
(R − 2�) + αP

)
, (1)

where Sm represents the action corresponding to the matter
component, R the scalar curvature, α a constant parameter,
and P a higher order invariant which encodes the specific
third order contractions of the Riemann tensor,

P = β1R
ρ σ

μ ν R γ δ
ρ σ R μ ν

γ δ + β2R
ρσ
μν R

γ δ
ρσ R

μν
γ δ

+β3R
σγ Rμνρσ R

μνρ
γ + β4RRμνρσ R

μνρσ

+β5Rμνρσ R
μρRνσ

+β6R
ν
μR

ρ
ν R

μ
ρ + β7RμνR

μνR + β8R
3. (2)

In the previous relation βi (i = 1, .., 8) are constant coef-
ficients specific to the cubic gravity theory. As can be seen,
the model extends the fundamental Einstein–Hilbert scenario
by considering non–negligible cubic components in the pro-
posed action. If we take into account the following relations
[57,58],

β7 = 1

12

[
3β1 − 24β2 − 16β3 − 48β4 − 5β5 − 9β6

]
, (3)

β8 = 1

72

[ − 6β1 + 36β2 + 22β3 + 64β4 + 3β5 + 9β6
]
, (4)

β6 = 4β2 + 2β3 + 8β4 + β5, (5)

we obtain the specific cubic gravity theory which encodes
third order contractions of the Riemann tensor. In this case
we use the specific redefinition,

β̄ = (−β1 + 4β2 + 2β3 + 8β4), (6)

obtaining the following representation for the higher order
term [57,58]:

P = 6β̄H4(2H2 + 3Ḣ), (7)
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Fig. 1 The posterior
distributions for the relevant
cosmological parameters in the
case of cosmic chronometers
and baryon acoustic oscillations
observations

in the case of a homogeneous and isotropic Universe char-
acterized by the Robertson–Walker metric,

ds2 = −dt2 + a2(t)δikdx
i dxk, (8)

with a(t) the cosmic scale factor. As can be noted, the action
that we are proposing extends the �CDM model by embed-
ding higher order corrections based on specific third order
contractions of the Riemann tensor. The cubic term added in
the action represents a non-topological invariant constructed
in such a way that leads to second order Friedmann equa-
tions. Hence, the Eqs. (3)–(6) assure compatibility between
the specific form of the higher order term and the require-
ments related to a second order theory. Note that in the final
representation of the higher order invariant the terms contain-
ing β5 parameter cancel out, leading to a simple expression of
the non-topological component. If we consider the variation
of the previous action (1) with respect to the inverse met-
ric, we obtain the following modified Friedmann relations
[57,58]:

3H2 = ρm + ρg, (9)

3H2 + 2Ḣ = −pm − pg, (10)

with ρg the density of the geometrical dark energy compo-
nent, and pg the corresponding pressure,

ρg = 6αβ̄H6 + � (11)

pg = −6αβ̄H4(H2 + 2Ḣ) − �. (12)

Note that the final field equations in the covariant form are
not displayed in the manuscript, due to the complex form of
formulas involved. The dedicated reader can find the final
field equations in the Appendix of Ref. [58]. Moreover, for
this model the standard continuity equation is satisfied. In
what follows we can redefine the specific cubic constant, β =
αβ̄, obtaining simpler expressions for the previous relations.
Finally, we can write the associated density parameters as
usual,


m = ρm

3H2 , (13)


g = ρg

3H2 , (14)

satisfying the corresponding constraint,


m + 
g = 1. (15)

3 Observational properties for the cubic gravity theory

3.1 Generic properties

In order to study the higher order gravity theory from an
observational perspective, we need to express the dynamical
equations in a comprehensible manner. Combining the Eqs.
(9) and (10), we arrive at the following expression:

− 3H2 + 6βH6 + � = Ḣ(2 − 12βH4). (16)
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Fig. 2 One dimensional posterior distribution for the β parameter in
the case of CC + BAO observations

Fig. 3 The variation of the Hubble parameter in the case of CC + BAO
observations

Fig. 4 The evolution of the dark energy equation of state for the best
fitted values in the case of CC + BAO observations

Next, we introduce the redshift variable defined as:

z(t) = 1

a(t)
− 1, (17)

changing the dependence from the cosmic time to redshift.
In this case, the time derivative of the Hubble parameter can
be expressed as follows:

Ḣ = (−H)H ′(1 + z), (18)

where the prime indicates the derivative with respect to the
redshift variable. The Eq. (16) takes the following form:

3H2 − 6βH6 − � = HH ′(1 + z)(2 − 12βH4). (19)

Next, we introduce the dimensionless Hubble parameter
defined as:

E(z) = H(z)

H0
, (20)

expressing the evolution of the cosmological system in an
autonomous manner,

E ′ = 3H2
0 E

2 − 6βE6H6
0 − �

EH2
0 (1 + z)(2 − 12βE4H4

0 )
. (21)

We now introduce the density parameter associated to the
cosmological constant � at the present time,


� = �

3H2
0

, (22)

the density parameter for the matter component,


m0 = ρm(z = 0)

3H2
0

, (23)

and the density parameter corresponding to the higher order
corrections of the �CDM model,


c0 = 2βH4
0 , (24)

satisfying the following constraint at z = 0:


m0 + 
� + 
c0 = 1. (25)

Hence, the evolution of the dynamical cosmological system
can be expressed as follows:

E ′ = 3E2 − 6βE6H4
0 − 3
�

2E(1 + z)(1 − 6βE4H4
0 )

. (26)

In order to emulate the evolution of the cosmological model
we solve the ordinary differential Eq. (26) taking into account
that at the present time (z = 0) we have the initial condition,

E(z = 0) = H(z = 0)

H0
= 1. (27)

As can be noted, the corresponding evolution (26) depends on
the present value of the Hubble parameter (H0), the current
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density parameter associated to the cosmological constant �,
and the β parameter, a constant expressing the strength of the
higher order corrections based on third order contractions of
the Riemann tensor.

In order to study the present cosmological model, we have
considered specific observations based on cosmic chronome-
ters (CC), baryon acoustic oscillations (BAO), and Ia super-
novae (SNe). This allows us to further constrain the corre-
sponding free parameters in the Eq. (26), (H0,
�, β). For
the observational analysis, we have considered data from CC,
BAO, and SNe [96], obtaining possible viable constraints
associated to the higher order corrections due to the specific
contractions of the Riemann tensor. In our analysis we have
defined the associated chi-squared functions. For the CC +
BAO data the chi-square has the following form:

χ2
CC+BAO =

31(CC)+26(BAO)∑
i=1

(
Ho(zi ) − Hm(zi )

σi

)2

, (28)

where Ho represents the observed value of the Hubble param-
eter having the corresponding uncertainty σi at the redshift
zi , while Hm denotes the value obtained from the present
cosmological model (obtained by numerical evolution of the
Eq. (26)). The results of the Markov chain Monte-Carlo sam-
pling for the CC + BAO data have been presented in Figs. 1,
2, 3 and 4. In order to obtain these figures, we have used the
Cobaya package [96,98] considering the following value for
the Gelman-Rubin criterion R − 1 = 0.001. Secondly, for
the CC + BAO + SNe dataset we have further defined a more
general chi–square function,

χ2
CC+BAO+SNe = χ2

CC+BAO + χ2
SNe, (29)

where

χ2
SNe =

∑
z1

∑
z2

(mo(z1) − mm(z1)))C
−1(z1, z2)(mo(z2)

−mm(z2)), (30)

with m the apparent magnitude having the specific covari-
ance matrix C(z1, z2). As in the previous case, the subscript
(o) is associated to the observations, while (m) corresponds
to the values obtained using the present cosmological model
[96,98]. For the second sampling, in the case of CC + BAO
+ SNe data set, we have used 1048 supernovae type Ia events
from the Pantheon data [99]. The results of the second analy-
sis are presented in Figs. 5, 6, 7, 8, 9 and 10. In what follows
we shall briefly discuss the obtained results specific for the
higher order contractions of the Riemann tensor. In Fig. 1
we present the posterior distributions and the correspond-
ing confidence intervals for the higher order corrections of
the �CDM model by taking into account data from cosmic
chronometers and baryon acoustic oscillations. In this case
we note that the density parameter associated to the matter
content 
m0 has a higher value, while the density parameter

corresponding to the higher order corrections 
c0 is negative
and ∝ 10−3. In Fig. 2 we present one dimensional distribu-
tion associated to the β parameter, observing that β ∝ 10−11.
The variation of the best fitted value corresponding to the
Hubble parameter is presented in Fig. 3, while the corre-
sponding equation of state for the geometrical dark energy
component is displayed in Fig. 4. From the evolution of the
geometrical dark energy equation of state (wg = pg/ρg)
we observe that at late times the plot follows closely the
�CDM model, while at early time the deviation corresponds
to a super–accelerated regime. The best fitted values obtained
suggest that the main source of cosmic acceleration is related
to the cosmological constant, while the higher order correc-
tions based on the third order contractions of the Riemann
tensor represent the origin of the super–accelerated regime,
explaining the early times dynamics and the non–negligible
deviations from the phantom divide line in the near past.

For the CC + BAO + SNe observations we have presented
the corresponding confidence intervals in Fig. 5, observing
that the value of the present Hubble parameter is higher in
this case (as compared to CC + BAO data set), having a lower
value of the matter density parameter (
m0) at the present
time. The results indicate that the density parameter corre-
sponding to the higher order contractions of the Riemann
tensor is negative and non–negligible, closely proportional
to 
c0 ∝ 10−3. The result is almost consistent with the CC
+ BAO data set, suggesting a compatibility between the two
data sets. Furthermore, from Fig. 6 we see that the value of
the β parameter is ∝ 10−11, a result consistent with the pre-
vious data set. In Fig. 7 we have displayed the associated
one dimensional posterior distribution for the absolute mag-
nitude. Next, in Figs. 8 and 9 we have showed the compatibil-
ity of the best fitted results with respect to observations, for
the variation of the associated Hubble parameter and the cor-
responding apparent magnitude. Lastly, in Fig. 10 we have
displayed the evolution of the dark energy equation of state,
observing the presence of the super–accelerated regime in
the near past. The results are consistent with the CC + BAO
data sets, noting that for the Pantheon data the regime is less
super–accelerated. The obtained values for the two data sets
are also displayed in Table 1, summarizing the present results.
The evolution of the matter density parameter is presented in
Fig. 11 for the best fitted values in the case of CC+BAO and
CC+BAO+Sne observations.

We have also calculated the specific values of the Akaike
information criterion (AIC),

AIC = 2k − 2Log(Lmax ), (31)

and Bayesian information criterion (BIC),

BIC = kLog(N ) − 2Log(Lmax ). (32)

In these formulas Lmax denotes the maximum likelihood, N
is associated to data, while k corresponds to the number of
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Fig. 5 The posterior
distributions for the relevant
cosmological parameters in the
case of CC + BAO + SNe
observations

Fig. 6 One dimensional posterior distribution for the β parameter in
the case of CC + BAO + SNe observations

parameters in the sampling. The results are shown in Table 3,
where the displayed results are obtained by subtracting the
corresponding value from the result specific to the �CDM
model. The results show that from the viewpoint of χ2 statis-
tic and the Akaike information criterion the present model
is preferred with respect to the �CDM model. This result is
valid for the two data sets, CC + BAO, and CC + BAO + SNe.
However, considering the Bayesian information criterion, the
situation is different. For CC + BAO data, the model is slight
better than the �CDM model, while for the Pantheon system-
atic the �CDM model is still favored. As can be seen, those

Fig. 7 One dimensional posterior distribution for the M parameter in
the case of CC + BAO + SNe observations

two data sets are in tension with each other, affecting the
obtained results. Hence, the present model is favored by the
data coming from cosmic chronometers and baryon acoustic
oscillations. The extension of the �CDM model towards the
higher order gravity theories based on third order contrac-
tions of the Riemann tensor represents a possible and viable
scenario which can explain the accelerated expansion, with
the main source of cosmic acceleration driven by the cosmo-
logical constant.
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Fig. 8 The variation of the Hubble parameter in the case of CC + BAO
+ SNe observations

3.2 Cosmographic parameters

In what follows, we shall discuss the evolution of several cos-
mographic parameters, analyzing different dynamical prop-
erties. Before proceeding, we note that the cosmographic
analysis is a very important tool in the study of cosmological
systems, describing various dynamical effects. The first cos-
mographic parameter is the deceleration parameter, defined
as follows:

q = −1 + (1 + z)
H ′

H
. (33)

Here the prime ′ denotes differentiation with respect to the
redshift variable. The evolution of the deceleration parameter

is presented in Fig. 12. For this, we can note that a positive
value is associated to a deceleration epoch, while a nega-
tive one implies cosmic acceleration at the level of back-
ground dynamics. The late time acceleration of the Universe
is clearly presented in the figure, observing some specific
deviations at early times.

The second dynamical measure is represented by the jerk
parameter,

j = 1 − 2(1 + z)
H ′

H
+ (1 + z)2 H

′2

H2 + (1 + z)2 H
′′

H
. (34)

For this parameter the sign is very important, being associ-
ated to transitive dynamical effects. Hence, a transitive epoch
of the Universe at the level of background dynamics corre-
sponds to a positive sign. The evolution of the jerk param-
eter appears in Fig. 13. We note that the current value of
j0 = 1, acting closely near the cosmological constant bound-
ary value. However, at early time the dynamical evolution is
quite different if cubic constraints are taken into considera-
tion.

The snap parameter

s = 1 − 3(1 + z)
H ′

H
+ 3(1 + z)2 H

′2

H2 + (1 + z)3 H
′3

H3

+(−4)(1 + z)3 H
′H ′′

H2 + (1 + z)2 H
′′

H
− (1 + z)3 H

′′′

H
,

(35)

involves the values of higher order derivatives, describ-
ing possible deviations from the �CDM model, depicted
in Fig. 14. A clear distinction is observed in the case of
CC+BAO data, since the sign of the corresponding parameter
is switched in the late stages of evolution.

The Om(z) diagnostic represents a specific measure
defined as follows:

Fig. 9 The variation of the apparent magnitude of the supernovae in the case of the best fitted values of the cubic model for CC + BAO + SNe
observations (left panel). The �CDM model is presented in the right panel
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Fig. 10 The dark energy equation of state for the best fitted values in
the case of CC + BAO + SNe observations

Fig. 11 The evolution of the matter density parameters for the best
fitted values in the case of CC + BAO / CC + BAO + SNe observations

Om(z) = E2 − 1

(1 + z)3 − 1
, (36)

presented in Fig. 15. For this, we can note that the model acts
closely as the �CDM model in the case of CC+BAO+SNe
observations, with non negligible deviations in the case of
CC+BAO data, acting closely as a phantom field. The graph
is consistent with the evolution of the dark energy equation of
state, indicating that the model acts closely as a cosmological
constant at late times, without crossing the phantom divide
line boundary in the near past.

Fig. 12 The evolution of the deceleration parameter for the best fitted
values in the case of CC + BAO / CC + BAO + SNe observations

Fig. 13 The evolution of the jerk parameter for the best fitted values
in the case of CC + BAO / CC + BAO + SNe observations

4 Summary and conclusions

In the present paper we have studied a modified gravity theory
which extends the fundamental �CDM model by embedding
viable geometrical constituents based on third order contrac-
tions of the Riemann tensor. This cosmological model repre-
sents a novel approach in the modified gravity theories, taking
into account a specific invariant which leads to second order
equations in the Friedmann relations. After briefly describing
the proposed action and the corresponding modified Fried-
mann relations, we have introduced the dimensionless Hub-
ble parameter, expressing the evolution of the dynamical sys-
tem in a proper manner. The present study is devoted to the
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Table 1 The confidence intervals for the higher order gravity theory based on cubic contractions of the Riemann tensor

Data set H0 
� 
m0 
c0 β

CC + BAO 65.9 ± 2.2 0.634+0.061
−0.047 0.368+0.047

−0.061 −0.00176 ± 0.00077 −4.9+2.7
−2.1 · 10−11

CC + BAO + SNe 70.06 ± 0.88 0.720 ± 0.018 0.281 ± 0.018 −0.00093+0.00072
−0.00054 −2.0+1.6

−1.1 · 10−11

Table 2 The confidence intervals for the �CDM model

Data set H0 
� 
m0

CC + BAO 69.75 ± 1.10 0.72 ± 0.018 0.27 ± 0.018

CC + BAO + SNe 70.59 ± 0.78 0.73 ± 0.012 0.26 ± 0.012

Table 3 The AIC and BIC values corresponding to the present cosmological scenario

Data set �χ2 �AIC �BIC

CC + BAO 4.43 2.43 0.39

CC + BAO + SNe 3.23 1.23 −3.76

Fig. 14 The evolution of the snap parameter for the best fitted values
in the case of CC + BAO / CC + BAO + SNe observations

analysis of the particular extension of the �CDM model from
an observational perspective, investigating specific viable
constraints for the cubic gravity model in the linear order.
The analysis takes into account data from cosmic chronome-
ters, baryon acoustic oscillations, and supernovae of Ia type
as the Pantheon data set. After expressing the corresponding
χ2 specific functions, we have used the Cobaya package for
the Markov chain Monte-Carlo sampling. The results of our
analysis have been discussed in the previous sections for the
CC + BAO and CC + BAO + SNe data sets.

From the statistical analysis it is clear that a realistic mod-
ified gravity theory should go beyond the �CDM model,

Fig. 15 The evolution of the Om diagnostic for the best fitted values
in the case of CC + BAO / CC + BAO + SNe observations

the simplest cosmological scenario. In our approach we have
considered higher order terms in the proposed action, based
on third order contractions of the Riemann tensor. In the pre-
vious section we have seen that in the case of CC + BAO and
CC + BAO + SNe data sets, the inclusion of such higher order
terms is mildly preferred and fully compatible to recent cos-
mological data. However, the problem of H0 tension is still
present in the current analysis, due to the deviations of the
corresponding observables.

In the case of CC + BAO data set we have observed that
the values corresponding to the best fitted parameters are
comparable with the specific values for the �CDM model.
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Hence, the value of the present Hubble parameter H0 is quite
lower for the CC + BAO data set, while the matter density
parameter at the present time 
m0 has a higher value. The
density parameter associated to the higher order contractions
of the Riemann tensor 
c0 is negative, with the β parameter
negative and proportional to β ∝ 10−11. All of these sug-
gests that the present higher order extension of the �CDM
model acts in the early evolution of the Universe, diminish-
ing the accelerated expansion in the early matter era. This is
consistent with the study of phase–space structure performed
in [61], the de–Sitter attractor is mainly driven by the cos-
mological constant term. It is also interesting to note that the
dark energy equation of state associated to the geometrical
component has a phantom behavior, without the inclusion of
the scalar fields with a negative kinetic energy.

The results for the CC + BAO + SNe data sets show that the
inclusion of the higher order contractions of the Riemann ten-
sor leads to a slightly lower value for the Hubble parameter at
the present time (compared to the �CDM model). Moreover,
the best fitted value for the matter density parameter 
m0 is
higher with respect to the corresponding value specific for
the �CDM model, suggesting that the inclusion of the cubic
components slightly moderate the accelerated expansion in
the near past. The present analysis has also considered the
Akaike information criterion and the Bayesian information
criterion for the previous mentioned data sets. We note that
for the Akaike information criterion the inclusion of cubic
contractions of the Riemann tensor is slightly preferred for
the two data sets. However, in the case of Bayesian infor-
mation criterion the results are not conclusive. For the CC
+ BAO data, the higher order contractions of the Riemann
tensor are very slightly preferred, while for the Pantheon data
the �CDM model is still favored. We mention that for the CC
+ BAO + SNe data sets the geometrical dark energy compo-
nent has a phantom behavior, acting bellow the cosmological
constant boundary. However, the inclusion of the Pantheon
data moderate the cosmic expansion, with the corresponding
variation less accelerated. In this case the value of the density
parameter associated to the higher order contractions of the
Riemann tensor 
c0 is still negative and comparable to the
previous values.

The present cosmological model can be further extended
in a variety of approaches. For example, one can consider
an extension of the corresponding action beyond the linear
order, discussing the full compatibility of the f (P) gravity
theory with different observations. Moreover, the statistical
analysis can also take into account various data sets, defining
a more stringent χ2 function. This would allow us to obtain a
more realistic theoretical model which includes higher order
terms fully compatible to recent cosmological data. All of
these questions are open and left for a different investigation
in the near future.

Acknowledgements The authors would like to thank Prof. Dr. Virgil
Baran for continuous support and many fruitful discussions. For the
computational part of the present project we have used the new estab-
lished cluster from the Faculty of Physics, University of Bucharest.
The work was partially supported by the project 41PFE/30.12.2021,
financed by the Ministry of Research, Innovation and Digitalization
through Program 1 - Development of the National RD System, Subpro-
gram 1.2. Institutional performance - Financing projects for excellence
in RDI. Different computations have been done in Wolfram Mathemat-
ica [100] and xAct [101].

Data Availibility Statement Data sharing not applicable to this article
as no datasets were generated or analysed during the current study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permit-
ted use, you will need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.
Funded by SCOAP3.

References

1. N. Aghanim et al. (Planck), Planck 2018 results. VI. Cosmolog-
ical parameters, Astron. Astrophys. 641, A6 (2020), [Erratum:
Astron.Astrophys. 652, C4 (2021)]. arXiv:1807.06209 [astro-
ph.CO]

2. E. Komatsu et al., Seven-Year Wilkinson Microwave Anisotropy
Probe (WMAP) Observations: Cosmological Interpretation.
Astrophys. J. Suppl. 192, 18 (2011). arXiv:1001.4538 [astro-
ph.CO]

3. Y. Akrami et al. (Planck), Planck 2018 results. X. Constraints on
inflation, Astron. Astrophys. 641, A10 (2020). arXiv:1807.06211
[astro-ph.CO]

4. C.L. Bennett et al., ( WMAP), Nine-Year Wilkinson Microwave
Anisotropy Probe (WMAP) Observations: Final Maps and
Results. Astrophys. J. Suppl. 208, 20 (2013). arXiv:1212.5225
[astro-ph.CO]

5. J. Frieman, M. Turner, D. Huterer, Dark Energy and the Accel-
erating Universe. Ann. Rev. Astron. Astrophys. 46, 385 (2008).
arXiv:0803.0982 [astro-ph]

6. A.G. Riess et al., (Supernova Search Team), Observa-
tional evidence from supernovae for an accelerating universe
and a cosmological constant. Astron. J. 116, 1009 (1998).
arXiv:astro-ph/9805201

7. S. Perlmutter et al., (Supernova Cosmology Project), Measure-
ments of 
 and � from 42 high redshift supernovae. Astrophys.
J. 517, 565 (1999). arXiv:astro-ph/9812133

8. S. Nojiri, S.D. Odintsov, V.K. Oikonomou, Modified Gravity The-
ories on a Nutshell: Inflation, Bounce and Late-time Evolution.
Phys. Rept. 692, 1 (2017). arXiv:1705.11098 [gr-qc]

9. N. Suzuki et al. ( Supernova Cosmology Project), The Hubble
Space Telescope Cluster Supernova Survey: V. Improving the
Dark Energy Constraints Above z>1 and Building an Early-
Type-Hosted Supernova Sample. Astrophys. J. 746, 85 (2012).
arXiv:1105.3470 [astro-ph.CO]

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://arxiv.org/abs/1807.06209
http://arxiv.org/abs/1001.4538
http://arxiv.org/abs/1807.06211
http://arxiv.org/abs/1212.5225
http://arxiv.org/abs/0803.0982
http://arxiv.org/abs/astro-ph/9805201
http://arxiv.org/abs/astro-ph/9812133
http://arxiv.org/abs/1705.11098
http://arxiv.org/abs/1105.3470


Eur. Phys. J. C (2024) 84 :196 Page 11 of 13 196

10. M. Kowalski et al., (Supernova Cosmology Project), Improved
Cosmological Constraints from New, Old and Combined Super-
nova Datasets. Astrophys. J. 686, 749 (2008). arXiv:0804.4142
[astro-ph]

11. N. Aghanim et al. ( Planck), Planck 2018 results. I. Overview and
the cosmological legacy of Planck. Astron. Astrophys. 641, A1
(2020). arXiv:1807.06205 [astro-ph.CO]

12. B. Feng, X.-L. Wang, X.-M. Zhang, Dark energy constraints from
the cosmic age and supernova. Phys. Lett. B 607, 35 (2005).
arXiv:astro-ph/0404224

13. D.H. Weinberg, M.J. Mortonson, D.J. Eisenstein, C. Hirata, A.G.
Riess, E. Rozo, Observational Probes of Cosmic Acceleration.
Phys. Rept. 530, 87 (2013). arXiv:1201.2434 [astro-ph.CO]

14. U. Seljak et al., (SDSS), Cosmological parameter analysis includ-
ing SDSS Ly-alpha forest and galaxy bias: Constraints on the pri-
mordial spectrum of fluctuations, neutrino mass, and dark energy.
Phys. Rev. D 71, 103515 (2005). arXiv:astro-ph/0407372

15. S.W. Allen, A.E. Evrard, A.B. Mantz, Cosmological Parameters
from Observations of Galaxy Clusters. Ann. Rev. Astron. Astro-
phys. 49, 409 (2011). arXiv:1103.4829 [astro-ph.CO]

16. E.J. Copeland, M. Sami, S. Tsujikawa, Dynamics of dark energy.
Int. J. Mod. Phys. D 15, 1753 (2006). arXiv:hep-th/0603057

17. A. Joyce, B. Jain, J. Khoury, M. Trodden, Beyond the Cosmolog-
ical Standard Model. Phys. Rept. 568, 1 (2015). arXiv:1407.0059
[astro-ph.CO]

18. P.J.E. Peebles, B. Ratra, The Cosmological Constant and Dark
Energy. Rev. Mod. Phys. 75, 559 (2003). arXiv:astro-ph/0207347

19. T. Padmanabhan, Cosmological constant: The Weight of the vac-
uum. Phys. Rept. 380, 235 (2003). arXiv:hep-th/0212290

20. M. Boylan-Kolchin, J.S. Bullock, M. Kaplinghat, The Milky
Way’s bright satellites as an apparent failure of LCDM. Mon.
Not. Roy. Astron. Soc. 422, 1203 (2012). arXiv:1111.2048 [astro-
ph.CO]

21. L. Perivolaropoulos, F. Skara, Challenges for �CDM: An update.
New Astron. Rev. 95, 101659 (2022). arXiv:2105.05208 [astro-
ph.CO]

22. S. Vagnozzi, Seven hints that early-time new physics alone is not
sufficient to solve the hubble tension. Universe 9, 393 (2023).
arXiv:2308.16628 [astro-ph.CO]

23. M. López-Corredoira, Tests and problems of the standard model
in Cosmology. Found. Phys. 47, 711 (2017). arXiv:1701.08720
[astro-ph.CO]

24. E. Pastén, V.H. Cárdenas, Testing �CDM cosmology in a binned
universe: Anomalies in the deceleration parameter. Phys. Dark
Univ. 40, 101224 (2023). arXiv:2301.10740 [astro-ph.CO]

25. D. Wang, Pantheon+ constraints on dark energy and modified
gravity: An evidence of dynamical dark energy. Phys. Rev. D
106, 063515 (2022). arXiv:2207.07164 [astro-ph.CO]

26. G.-B. Zhao et al., Dynamical dark energy in light of the latest
observations. Nature Astron. 1, 627 (2017). arXiv:1701.08165
[astro-ph.CO]

27. A. Upadhye, M. Ishak, P.J. Steinhardt, Dynamical dark energy:
Current constraints and forecasts. Phys. Rev. D 72, 063501 (2005).
arXiv:astro-ph/0411803

28. E. Di Valentino, A. Melchiorri, E.V. Linder, J. Silk, Constraining
Dark Energy Dynamics in Extended Parameter Space. Phys. Rev.
D 96, 023523 (2017). arXiv:1704.00762 [astro-ph.CO]

29. S. Capozziello, M. De Laurentis, Extended Theories of Gravity.
Phys. Rept. 509, 167 (2011). arXiv:1108.6266 [gr-qc]

30. S. Nojiri, S.D. Odintsov, Unified cosmic history in modified grav-
ity: from F(R) theory to Lorentz non-invariant models. Phys. Rept.
505, 59 (2011). arXiv:1011.0544 [gr-qc]

31. T. Clifton, P.G. Ferreira, A. Padilla, C. Skordis, Modified Grav-
ity and Cosmology. Phys. Rept. 513, 1 (2012). arXiv:1106.2476
[astro-ph.CO]

32. S. Nojiri, S. D. Odintsov, Introduction to modified gravity and
gravitational alternative for dark energy, eConf C0602061, 06
(2006). arXiv:hep-th/0601213

33. S. Tsujikawa, Modified gravity models of dark energy. Lect. Notes
Phys. 800, 99 (2010). arXiv:1101.0191 [gr-qc]

34. A. De Felice, S. Tsujikawa, f(R) theories. Living Rev. Rel. 13, 3
(2010). arXiv:1002.4928 [gr-qc]

35. L. Amendola, D. Polarski, S. Tsujikawa, Are f(R) dark energy
models cosmologically viable? Phys. Rev. Lett. 98, 131302
(2007). arXiv:astro-ph/0603703

36. M. Amarzguioui, O. Elgaroy, D.F. Mota, T. Multamaki,
Cosmological constraints on f(r) gravity theories within
the palatini approach. Astron. Astrophys. 454, 707 (2006).
arXiv:astro-ph/0510519

37. T.P. Sotiriou, V. Faraoni, f(R) Theories Of Gravity. Rev. Mod.
Phys. 82, 451 (2010). arXiv:0805.1726 [gr-qc]

38. S. Nojiri, S.D. Odintsov, Modified f(R) gravity consistent with
realistic cosmology: From matter dominated epoch to dark energy
universe. Phys. Rev. D 74, 086005 (2006). arXiv:hep-th/0608008

39. T. Harko, F.S.N. Lobo, S. Nojiri, S.D. Odintsov, f (R, T ) gravity.
Phys. Rev. D 84, 024020 (2011). arXiv:1104.2669 [gr-qc]

40. Y.-F. Cai, S. Capozziello, M. De Laurentis, E.N. Saridakis, f(T)
teleparallel gravity and cosmology. Rept. Prog. Phys. 79, 106901
(2016). arXiv:1511.07586 [gr-qc]

41. G. Cognola, E. Elizalde, S. Nojiri, S.D. Odintsov, S. Zerbini, Dark
energy in modified Gauss-Bonnet gravity: Late-time accelera-
tion and the hierarchy problem. Phys. Rev. D 73, 084007 (2006).
arXiv:hep-th/0601008

42. M.J.S. Houndjo, Reconstruction of f(R, T) gravity describing mat-
ter dominated and accelerated phases. Int. J. Mod. Phys. D 21,
1250003 (2012). arXiv:1107.3887 [astro-ph.CO]

43. P. Wu, H.W. Yu, Observational constraints on f (T ) theory. Phys.
Lett. B 693, 415 (2010). arXiv:1006.0674 [gr-qc]

44. T. Harko, T.S. Koivisto, F.S.N. Lobo, G.J. Olmo, D. Rubiera-
Garcia, Coupling matter in modified Q gravity. Phys. Rev. D 98,
084043 (2018). arXiv:1806.10437 [gr-qc]

45. S.M. Carroll, M. Hoffman, M. Trodden, Can the dark energy
equation-of-state parameter w be less than −1? Phys. Rev. D 68,
023509 (2003). arXiv:astro-ph/0301273

46. T. Padmanabhan, Accelerated expansion of the universe driven
by tachyonic matter. Phys. Rev. D 66, 021301 (2002).
arXiv:hep-th/0204150

47. P.G. Ferreira, M. Joyce, Cosmology with a primordial scaling
field. Phys. Rev. D 58, 023503 (1998). arXiv:astro-ph/9711102

48. Y.-F. Cai, E.N. Saridakis, M.R. Setare, J.-Q. Xia, Quintom Cos-
mology: Theoretical implications and observations. Phys. Rept.
493, 1 (2010). arXiv:0909.2776 [hep-th]

49. C. Deffayet, O. Pujolas, I. Sawicki, A. Vikman, Imperfect
Dark Energy from Kinetic Gravity Braiding. JCAP 10, 026.
arXiv:1008.0048 [hep-th]

50. W. Zimdahl, D. Pavon, Interacting quintessence. Phys. Lett. B
521, 133 (2001). arXiv:astro-ph/0105479

51. S. Nojiri, S.D. Odintsov, M. Sasaki, Gauss-Bonnet dark energy.
Phys. Rev. D 71, 123509 (2005). arXiv:hep-th/0504052

52. M. Marciu, Prospects of the cosmic scenery in a quintom dark
energy model with generalized nonminimal Gauss-Bonnet cou-
plings. Phys. Rev. D 99, 043508 (2019)

53. M. Marciu, D.M. Ioan, F.V. Iancu, Dynamical features of a quin-
tom dark energy model with Galileon corrections. Int. J. Mod.
Phys. D 28, 1950018 (2018)

54. S. Bahamonde, M. Marciu, S.D. Odintsov, P. Rudra, String-
inspired Teleparallel cosmology. Nucl. Phys. B 962, 115238
(2021). arXiv:2003.13434 [gr-qc]

55. M. Marciu, Dynamical description of a quintom cosmological
model nonminimally coupled with gravity. Eur. Phys. J. C 80,
894 (2020). arXiv:2005.03443 [gr-qc]

123

http://arxiv.org/abs/0804.4142
http://arxiv.org/abs/1807.06205
http://arxiv.org/abs/astro-ph/0404224
http://arxiv.org/abs/1201.2434
http://arxiv.org/abs/astro-ph/0407372
http://arxiv.org/abs/1103.4829
http://arxiv.org/abs/hep-th/0603057
http://arxiv.org/abs/1407.0059
http://arxiv.org/abs/astro-ph/0207347
http://arxiv.org/abs/hep-th/0212290
http://arxiv.org/abs/1111.2048
http://arxiv.org/abs/2105.05208
http://arxiv.org/abs/2308.16628
http://arxiv.org/abs/1701.08720
http://arxiv.org/abs/2301.10740
http://arxiv.org/abs/2207.07164
http://arxiv.org/abs/1701.08165
http://arxiv.org/abs/astro-ph/0411803
http://arxiv.org/abs/1704.00762
http://arxiv.org/abs/1108.6266
http://arxiv.org/abs/1011.0544
http://arxiv.org/abs/1106.2476
http://arxiv.org/abs/hep-th/0601213
http://arxiv.org/abs/1101.0191
http://arxiv.org/abs/1002.4928
http://arxiv.org/abs/astro-ph/0603703
http://arxiv.org/abs/astro-ph/0510519
http://arxiv.org/abs/0805.1726
http://arxiv.org/abs/hep-th/0608008
http://arxiv.org/abs/1104.2669
http://arxiv.org/abs/1511.07586
http://arxiv.org/abs/hep-th/0601008
http://arxiv.org/abs/1107.3887
http://arxiv.org/abs/1006.0674
http://arxiv.org/abs/1806.10437
http://arxiv.org/abs/astro-ph/0301273
http://arxiv.org/abs/hep-th/0204150
http://arxiv.org/abs/astro-ph/9711102
http://arxiv.org/abs/0909.2776
http://arxiv.org/abs/1008.0048
http://arxiv.org/abs/astro-ph/0105479
http://arxiv.org/abs/hep-th/0504052
http://arxiv.org/abs/2003.13434
http://arxiv.org/abs/2005.03443


196 Page 12 of 13 Eur. Phys. J. C (2024) 84 :196

56. S. Bahamonde, C.G. Böhmer, S. Carloni, E.J. Copeland, W. Fang,
N. Tamanini, Dynamical systems applied to cosmology: dark
energy and modified gravity. Phys. Rept. 775–777, 1 (2018).
arXiv:1712.03107 [gr-qc]

57. P. Bueno, P.A. Cano, Einsteinian cubic gravity. Phys. Rev. D 94,
104005 (2016). arXiv:1607.06463 [hep-th]

58. C. Erices, E. Papantonopoulos, E.N. Saridakis, Cosmology in
cubic and f (P) gravity. Phys. Rev. D 99, 123527 (2019).
arXiv:1903.11128 [gr-qc]

59. I. Quiros, R. De Arcia, R. García-Salcedo, T. Gonzalez, F. X.
Linares Cedeño, U. Nucamendi, On the quantum origin of infla-
tion in the geometric inflation model, Phys. Rev. D 103, 064043
(2021). arXiv:2007.06111 [gr-qc]

60. M. Marciu, Note on the dynamical features for the extended
f (P) cubic gravity. Phys. Rev. D 101, 103534 (2020).
arXiv:2003.06403 [gr-qc]

61. I. Quiros, R. García-Salcedo, T. Gonzalez, J.L.M. Martínez,
U. Nucamendi, Global asymptotic dynamics of cosmological
Einsteinian cubic gravity. Phys. Rev. D 102, 044018 (2020).
arXiv:2003.10516 [gr-qc]

62. M. Marciu, Dark effects in f̃ (R, P) gravity. Eur. Phys. J. C 81,
1084 (2021). arXiv:2103.08420 [gr-qc]

63. P. Bueno, P.A. Cano, V.S. Min, M.R. Visser, Aspects of gen-
eral higher-order gravities. Phys. Rev. D 95, 044010 (2017).
arXiv:1610.08519 [hep-th]

64. J. D. Edelstein, N. Grandi, A. Rivadulla Sánchez, Holographic
superconductivity in Einsteinian Cubic Gravity. JHEP 05, 188.
arXiv:2202.05781 [hep-th]

65. P. Bueno, P. A. Cano, J. Moreno, A. Murcia, All higher-curvature
gravities as Generalized quasi-topological gravities. JHEP 11,
062. arXiv:1906.00987 [hep-th]

66. E. Cáceres, R. C. Vásquez, A. Vilar López, Entanglement entropy
in cubic gravitational theories. JHEP 05, 186. arXiv:2009.11595
[hep-th]

67. P. Rudra, Ricci-cubic holographic dark energy. Phys. Dark Univ.
42, 101307 (2023). arXiv:2206.03490 [gr-qc]

68. P. Bueno, P. A. Cano, A. Ruipérez, Holographic studies of Ein-
steinian cubic gravity. JHEP 03, 150. arXiv:1802.00018 [hep-th]

69. J. Beltrán Jiménez, A. Jiménez-Cano, On the strong coupling of
Einsteinian Cubic Gravity and its generalisations. JCAP 01, 069.
arXiv:2009.08197 [gr-qc]

70. K. Giri, P. Rudra, Constraints on cubic and f(P) gravity from
the cosmic chronometers, BAO & CMB datasets: Use of
machine learning algorithms. Nucl. Phys. B 978, 115746 (2022).
arXiv:2107.12417 [astro-ph.CO]

71. M. Marciu, Tachyonic cosmology with cubic contractions
of the Riemann tensor. Eur. Phys. J. C 82, 1069 (2022).
arXiv:2203.00598 [gr-qc]

72. M. Marciu, Dynamical aspects for scalar fields coupled to cubic
contractions of the Riemann tensor. Phys. Rev. D 102, 023517
(2020). arXiv:2004.07120 [gr-qc]

73. M. Marciu, A two-field dark energy model with cubic contractions
of the riemann tensor. Can. J. Phys. 101, 460 (2023)

74. G. Arciniega, J.D. Edelstein, L.G. Jaime, Towards geometric
inflation: the cubic case. Phys. Lett. B 802, 135272 (2020).
arXiv:1810.08166 [gr-qc]

75. J. D. Edelstein, D. Vázquez Rodríguez, A. Vilar López, Aspects
of Geometric Inflation. JCAP 12, 040. arXiv:2006.10007 [hep-th]

76. G. Arciniega, P. Bueno, P.A. Cano, J.D. Edelstein, R.A. Hennigar,
L.G. Jaime, Cosmic inflation without inflaton. Int. J. Mod. Phys.
D 28, 1944008 (2019)

77. G. Arciniega, P. Bueno, P.A. Cano, J.D. Edelstein, R.A. Henni-
gar, L.G. Jaime, Geometric Inflation. Phys. Lett. B 802, 135242
(2020). arXiv:1812.11187 [hep-th]

78. C. Adair, P. Bueno, P.A. Cano, R.A. Hennigar, R.B. Mann, Slowly
rotating black holes in Einsteinian cubic gravity. Phys. Rev. D 102,
084001 (2020). arXiv:2004.09598 [gr-qc]

79. P. Bueno, P.A. Cano, Four-dimensional black holes in Einsteinian
cubic gravity. Phys. Rev. D 94, 124051 (2016). arXiv:1610.08019
[hep-th]

80. R.A. Hennigar, R.B. Mann, Black holes in Einsteinian cubic grav-
ity. Phys. Rev. D 95, 064055 (2017). arXiv:1610.06675 [hep-th]

81. X.-H. Feng, H. Huang, Z.-F. Mai, H. Lu, Bounce Universe and
Black Holes from Critical Einsteinian Cubic Gravity. Phys. Rev.
D 96, 104034 (2017). arXiv:1707.06308 [hep-th]

82. M. C. Pookkillath, A. De Felice, A. A. Starobinsky, Anisotropic
instability in a higher order gravity theory. JCAP 07, 041.
arXiv:2004.03912 [gr-qc]

83. R.A. Hennigar, M.B.J. Poshteh, R.B. Mann, Shadows, Signals,
and Stability in Einsteinian Cubic Gravity. Phys. Rev. D 97,
064041 (2018). arXiv:1801.03223 [gr-qc]

84. A. Sardar, U. Debnath, Reconstruction of extended f(P) cubic
gravity from other modified gravity models. Phys. Dark Univ. 35,
100926 (2022)

85. K. Bamba, S. Capozziello, S. Nojiri, S.D. Odintsov, Dark energy
cosmology: the equivalent description via different theoretical
models and cosmography tests. Astrophys. Space Sci. 342, 155
(2012). arXiv:1205.3421 [gr-qc]

86. S.S. Mishra, A. Kolhatkar, P.K. Sahoo, Big Bang Nucleosynthesis
constraints on f(T, T) gravity. Phys. Lett. B 848, 138391 (2024).
arXiv:2312.07558 [astro-ph.CO]

87. S. Mandal, S. Pradhan, P.K. Sahoo, T. Harko, Cosmological obser-
vational constraints on the power law f(Q) type modified gravity
theory. Eur. Phys. J. C 83, 1141 (2023). arXiv:2310.00030 [gr-qc]

88. S.S. Mishra, S. Mandal, P.K. Sahoo, Constraining f(T, T) gravity
with gravitational baryogenesis. Phys. Lett. B842, 137959 (2023).
arXiv:2305.09707 [gr-qc]

89. L.V. Jaybhaye, R. Solanki, S. Mandal, P.K. Sahoo, Constraining
the Viscous Dark Energy Equation of State in f (R, Lm ) Gravity.
Universe 9, 163 (2023). arXiv:2303.16973 [gr-qc]

90. E. González, K. Jusufi, G. Leon, E.N. Saridakis, Observational
constraints on Yukawa cosmology and connection with black hole
shadows. Phys. Dark Univ. 42, 101304 (2023). arXiv:2305.14305
[astro-ph.CO]

91. F.K. Anagnostopoulos, S. Basilakos, E.N. Saridakis, Observa-
tional constraints on Myrzakulov gravity. Phys. Rev. D 103,
104013 (2021). arXiv:2012.06524 [gr-qc]

92. S. Banerjee, T. Papanikolaou, E.N. Saridakis, Constraining F(R)
bouncing cosmologies through primordial black holes. Phys. Rev.
D 106, 124012 (2022). arXiv:2206.01150 [gr-qc]

93. T. Papanikolaou, C. Tzerefos, S. Basilakos, E.N. Saridakis, No
constraints for f(T) gravity from gravitational waves induced from
primordial black hole fluctuations. Eur. Phys. J. C 83, 31 (2023).
arXiv:2205.06094 [gr-qc]

94. Y. Huang, J. Zhang, X. Ren, E.N. Saridakis, Y.-F. Cai, N-body sim-
ulations, halo mass functions, and halo density profile in f(T) grav-
ity. Phys. Rev. D 106, 064047 (2022). arXiv:2204.06845 [astro-
ph.CO]

95. E.N. Saridakis, W. Yang, S. Pan, F.K. Anagnostopoulos, S. Basi-
lakos, Observational constraints on soft dark energy and soft
dark matter: Challenging �CDM cosmology. Nucl. Phys. B 986,
116042 (2023). arXiv:2112.08330 [astro-ph.CO]

96. R. C. Bernardo, C.-Y. Chen, J. Said Levi, Y.-H. Kung, Con-
fronting quantum-corrected teleparallel cosmology with obser-
vations. JCAP 04, 052 (04). arXiv:2111.11761 [gr-qc]

97. P. Asimakis, S. Basilakos, E. N. Saridakis, Building cubic gravity
with healthy and viable scalar and tensor perturbations (2022).
arXiv:2212.12494 [gr-qc]

123

http://arxiv.org/abs/1712.03107
http://arxiv.org/abs/1607.06463
http://arxiv.org/abs/1903.11128
http://arxiv.org/abs/2007.06111
http://arxiv.org/abs/2003.06403
http://arxiv.org/abs/2003.10516
http://arxiv.org/abs/2103.08420
http://arxiv.org/abs/1610.08519
http://arxiv.org/abs/2202.05781
http://arxiv.org/abs/1906.00987
http://arxiv.org/abs/2009.11595
http://arxiv.org/abs/2206.03490
http://arxiv.org/abs/1802.00018
http://arxiv.org/abs/2009.08197
http://arxiv.org/abs/2107.12417
http://arxiv.org/abs/2203.00598
http://arxiv.org/abs/2004.07120
http://arxiv.org/abs/1810.08166
http://arxiv.org/abs/2006.10007
http://arxiv.org/abs/1812.11187
http://arxiv.org/abs/2004.09598
http://arxiv.org/abs/1610.08019
http://arxiv.org/abs/1610.06675
http://arxiv.org/abs/1707.06308
http://arxiv.org/abs/2004.03912
http://arxiv.org/abs/1801.03223
http://arxiv.org/abs/1205.3421
http://arxiv.org/abs/2312.07558
http://arxiv.org/abs/2310.00030
http://arxiv.org/abs/2305.09707
http://arxiv.org/abs/2303.16973
http://arxiv.org/abs/2305.14305
http://arxiv.org/abs/2012.06524
http://arxiv.org/abs/2206.01150
http://arxiv.org/abs/2205.06094
http://arxiv.org/abs/2204.06845
http://arxiv.org/abs/2112.08330
http://arxiv.org/abs/2111.11761
http://arxiv.org/abs/2212.12494


Eur. Phys. J. C (2024) 84 :196 Page 13 of 13 196

98. J. Torrado, A. Lewis, Cobaya: Code for Bayesian Analysis of
hierarchical physical models JCAP 05, 057. arXiv:2005.05290
[astro-ph.IM]

99. D.M. Scolnic et al., ( Pan-STARRS1), The Complete Light-
curve Sample of Spectroscopically Confirmed SNe Ia from
Pan-STARRS1 and Cosmological Constraints from the Com-
bined Pantheon Sample. Astrophys. J. 859, 101 (2018).
arXiv:1710.00845 [astro-ph.CO]

100. Wolfram Research, https://www.wolfram.com/mathematica,
Mathematica

101. J. M. Martin-Garcia, xAct: Efficient tensor computer algebra for
the Wolfram Language

123

http://arxiv.org/abs/2005.05290
http://arxiv.org/abs/1710.00845
https://www.wolfram.com/mathematica

	Observational constraints for cubic gravity theory based on third order contractions of the Riemann tensor
	Abstract 
	1 Introduction
	2 The cosmological model
	3 Observational properties for the cubic gravity theory
	3.1 Generic properties
	3.2 Cosmographic parameters

	4 Summary and conclusions
	Acknowledgements
	References




