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Abstract
In this paper, we consider the dynamical dark energy model (Feng model)

to reveal the discrepancy between CMB and LSS data raised by ΛCDM
model. In order to constrained free parameters, we utilize two combined sets
namely the Planck TT 2015+Pol+BAO and the WL+RSD. We find that,
there is a tension between the best fit values for both σ8 and H0 derived by
the early and late time observations in the context of ΛCDM model, while
the mentioned discrepancy is alleviated in the Feng model. Two dimensional
likelihood analysis demonstrate that including dynamical dark energy model
alleviates H0 − Ωm and σ8 − Ωm tension from 2σ to 1σ confidence level
compared to that of given for ΛCDM . Besides these, the models satisfy
fσ8 data in 0 < z < 0.4 redshift bin but for z > 0.4, the models behave
differently rather than data for both data sets.
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1 Introduction
The discovery of cosmic acceleration, challenges our understanding of the standard
model of gravity and particle physics. The nature of late time acceleration of the
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universe is still unknown and it is one of the fundamental enigmas and central chal-
lenges for theoretical cosmology. The simplest dark energy model, the cosmological
constant (CC), is the first well-known possibility but it has two deeply realized
problems: The Cosmological Constant Problem and the Coincidence Problem [1].
Hence two different theoretical attempts exist to explain the cosmic acceleration.
The first approach is construction of dark energy as a hypothetical exotic com-
ponent explanation such as quintessence [2], non canonical scalar field (k-essence)
[3], phantom [4], coupled dark energy [5], running vacuum models as coupled dark
energy [6] and other probable properties. The second approach is modification of
gravity which allows the cosmic acceleration without any exotic component such
as f(R) gravity [7, 8] , scalar-tensor theories[9, 10] and other probable properties.

Cosmological Constant has a constant equation of state w = −1. On the other
hand, observations demonstrate that dark energy equation of state slightly favorite
w < −1. However, deviation from cosmological constant enables us to construct
new models such as dynamical dark energy (DDE) which its prediction will be
detectable at the precision of future observations.

However, when we consider dynamical dark energy, we should attend its dy-
namical character not only in the background but also in the growth of structures.
Hence, perturbation will be able to distinguish between cosmological constant and
variable dark energy scenario and detecting either w ̸= −1 or dw

dt ̸= 0 would rule
out cosmological constant as well.

Both Cosmic Microwave Background (CMB) and large scale structure (LSS)
probes are tools for investigation of the Universe in early and late time and use
to constrain the cosmological parameters. CMB constraints matter content of the
Universe and its geometry. Hence, when combined with low redshift data such as
Baryonic Acoustic Oscillations (BAO) and Weak Lensing (WL), is probing for dark
energy (DE) models. Also, DE caused the secondary anisotropy on CMB which is
sensitive to the different amount of potential and known as Integrated Sachs-Wolfe
(ISW) effect. The detection of any ISW effect provides strong physical evidence
for the existence of dark energy, and can be used to measure its equation of state
[11].
Furthermore, LSS provides powerful tools for probing DE. The normalized σ8, vari-
ance of matter fluctuations in the 8h−1Mpc sphere, is sensitive to DE. This scale
is inside the horizon and fluctuations are still linear but σ8 is model-dependent
and it also depends on galaxy bias [12]. Hence, it leads to the introduction of
linear growth factor f which is base on peculiar velocities obtained from Redshift
Space Distortion (RSD) measurements [13]. RSD is matter tracer in galaxy red-
shift surveys that measuring fσ8 which is sensitive to DE models and galaxy bias
independent [14]. Also, instead of looking for growth factor by numerically solving
perturbed equations, the growth index γ can be used as a signature of dark energy
and modified gravity [15].
At last scattering surface, Universe consists of a hot plasma of tightly coupled
photons and baryons, competing of gravity and pressure sets up oscillations on
photons fluid. So, acoustic wave in primordial plasma cause fluctuation in the
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density of visible matter which called BAO and can be effected on large-scale
structures through expanding the Universe and also can constraint DE models.
Weak gravitational lensing is an important probe of the dark side of the Universe.
It provides a way to map the distribution of dark matter around galaxies, clusters
of galaxies on cosmological scales. In addition, lensing distortions measurement of
the shapes of distant galaxies is a powerful probe for late time acceleration and
DE properties [16]

There is a discrepancy between CMB measurements as large-scale data and
those from LSS as small-scale within ΛCDM model. The level of agreement be-
tween weak lensing from CanadaFranceHawaii Telescope Lensing Survey
(CFHTLenS) and Planck shows that the marginalized Ωm − σ8 plane in 95 per-
cent confidence level of the contour plot, CFHTLenS and CMB just only touch
[17] and appear discrepancy between measurement of σ8 using two data sets. It
is shown that considering massive neutrino decreases tension from 2.5σ to 1.6σ
[18]. Furthermore, it is shown that running vacuum model could effect on the
tension and the central value of σ8 for running vacuum model is 8.4% smaller than
ΛCDM model and it relaxing the tension [19] Several attempts have been done to
distinguish the discrepancy between these two data sets [20]. Also, non-relativistic
dark matter or coupling dark matter to radiation is an interesting scenario which
can reduce the tension [21, 22]. Also, the tension between the mentioned data is
even more in H0 − Ωm two-dimensional contour plot [18].

In this research, we consider DDE as an important component to decrease this
discrepancy of large and small-scale observation. In the next, we discuss scalar
perturbations and dynamical model of dark energy, In chapter 3 we report data
sets used in this paper. In chapter 4, we consider results and discussion. In chapter
5 we report the conclusion remarks.

2 Theoretical Notice
In order to clarify dark energy effects on structure formation in the theoretical
framework, we will discuss the evolution of scalar perturbations, matter power
spectrum and σ8 in this section.

2.1 Scalar Perturbations
We consider line element for study the perturbations evolution of CDM in the
present of dynamical dark energy (DDE) as:

ds2 = a2(η){−(1 + 2ψ)dη2 + (1 + 2ϕ)dxidxj}, (1)

we are working in Newtonian gauge or longitudinal gauge, which influences on
the perturbations especially on scales larger than Hubble horizon k ≤ aH. On
much smaller scales the choice of gauge is less important and observables are
independent of gauge choice [23]. Where a is scale factor, η is conformal time ,



116 A. S. Ebrahimi, M. Monemzadeh, H. Moshafi and S. M. S. Movahed

ϕ and ψ are variables describing scalar metric perturbations and known as gauge
invariant Bardin potential [24]. Hence Einstein perturbed Eqs. and perturbed
continuity fluid Eq. with vanishing anisotropy stress, for each mode leads to [24]:

k2ϕ+ 3H(ϕ′ −Hψ) = 4πGa2ρδ (2)

k2ϕ′ −Hψ = 4πGa2(1 + ω)ϕθ (3)
ψ = −ϕ (4)

ϕ′′ + 2Hϕ′ +Hψ′ − (H2 + 2H′)ψ = 4πGa2c2sρδ (5)

δ′ + 3H(c2s − w)δ = −(1 + w)(θ + 3ϕ′) (6)

θ′ +

[
H(1− 3w) +

w′

1 + w

]
θ = k2(

c2s
1 + w

δ + ψ) (7)

where prime denotes differentiation respect with conformal time, δ = δρ
ρ is density

contrast, w is equation of state of fluid, c2s is sound speed and θ = ik.v is velocity
dispersion.

2.2 Matter Power Spectrum and σ8

Density contrast described by the matter power spectrum which is Fourier trans-
formation of matter correlation function. According to the linear theory on the
large scales, gravity competes with cosmic expansion and structures grow. On
small-scales, gravitational collapse is non-linear and can only computed correctly
using N-body simulation. But at enough large scales, the perturbations are linear
and can describe linear perturbation theory.

The most popular assumption is that the primordial fluctuations were dis-
tributed according to the homogeneous Gaussian random process which comes
from the simple model of inflation [25]. Under this assumption all of the statistic
information is encoded in the power spectrum. The power spectrum is given by
P (k) = knT 2(k)D2(a) , where D(a) is the scale independent linear growth factor,
T (k) is the CDM transfer function and n ≃ 0.9671 following the recent reanalysis
of the Planck data. For T (k), we use the transfer function [26] is given by:

T (k) = Cq

[
1 + 3.89q + (16.1q)2 + (5.46q)3 + (6.71q)4

]−1/4
, (8)

where Cq = ln(1+2.34q)
2.34q and q ≡ k

Γ . Here Γ is the shape parameter , given according
to:

Γ = Ω0
mh̃ exp(−Ω0

b −
√
2h̃Ω0

b/Ω
0
m), (9)

the value of Γ, which is kept constant throughout the model fitting procedure, is
estimated using the Planck results namely, Ω0

b = 0.02233 ± 0.00015h̃−2, h̃ = 0.67
and Ω0

m = 0.3147± 0.0074. The transfer function can use in present of dynamical
dark energy models as well as cosmological constant. [27]
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Also, the root mean square fluctuations of the linear density field on mass scale
Mh is :

σ(Mh, z) =

[
D2(z)

2π2

∫ ∞

0

k2P (k)W 2(kR)dk

]1/2
. (10)

where W (kR) = 3(sin kR−kR cos kR)
(kR)3 and R = (3Mh/4πρm)1/3 with ρm denotes

mean matter density of the Universe at present time. Hence σ8 is variance of
matter fluctuations in 8 Mpc h−1 which depends on model and galaxy bias [28].
Therefore, it is lead to define new parameter namely growth rate which depends
on linear growth factor as:

f(a) ≡ d lnD(a)

d ln a
. (11)

As a result of this, the combination of two quantities, fσ8 defined which is bias
independent and could be measured by weak lensing and RSD [28].

2.3 Dynamical Dark Energy Models

The earliest dark energy model, the cosmological constant (Λ), satisfied the equa-
tion of state w = −1. It is constant and do not evolve during expansion history
of the Universe. The mentioned problems of cosmological constant such as fine-
tuning lead to propose dark energy models.

The main prediction of the dynamical models is the evolution of the dark
energy density parameter. Combination of the matter and the dark energy density
parameter predict expansion history of the Universe which is obtained as below:

H2(z) = H2
0 [Ω

0
m(1 + z)3 +ΩDE(z)]. (12)

The dark energy density parameter expresses as:

ΩDE(z) = Ω0
DE[

∫ z

0

3(1 + wDE(z̃))

1 + z̃
dz̃]. (13)

If dark energy describes by ideal fluid with conserved energy-momentum tensor,
then the dark energy equation of state can be considered as:

w(z) =
P (z)

ρ(z)
. (14)

Independent of its physical origin, w(z) effects on the expansion of the Universe
and usually used to compare theoretical model predictions with observations [29].

Chavelier-Polarski-Linder (CPL) model is well-known and first proposed dy-
namical dark energy model, besides all benefit [30], it has divergence at z → −1
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Parameter Prior
Ωbh

2 [0.013, 0.033]
Ωch

2 [0.010, 0.99]
w0 [−1.035,−1.00]
w1 [−0.05, 0.00]
ΘMC [0.50, 10.00]
τopt [0.01, 0.80]
ns [0.70, 1.30]
ln(1010As) [2.30, 5.0]

Table 1: Priors on parameter space, used in the posterior analysis in this paper.

which causes unphysical future. Then, another parametrization for equation of
state (EoS) was introduced by Feng et al [30] for DDE as:

w(z) = w0 + w1
z2

1 + z2
. (15)

which w0 and w1 are the free parameter of model. We consider the Feng model
in this paper and its free parameters constraint with two data sets which reported
in table 2. The model covers all CPL feature without divergence. In the next
section, we report the data sets that we used for constrained the free parameters
of the Feng and ΛCDM models for study H0 and σ8 tension.

3 Data Analysis

Several scientific projects have been established in order to assess desired obser-
vational accuracy for CMB and LSS and improve data analysis. Here we consider
the last version of each data sets in order to analyze the tension in parameters
value H0 and σ8 when constraints obtain from CMB and LSS data.

To constrain the models with observational data we consider prior ranges for
parameters which are summarized in Table. 1. For constraints obtained from
Planck TT+Pol+BAO we assumed that τopt is a free parameter. Since LSS data
can not put tight constraints on τopt we fixed reionization optical depth with the
value obtained from Planck TT+Pol+BAO data τopt = 0.074.
Parameter space in analysis with Planck TT+Pol+BAO includes the following
parameters:

{Θp} : {w0, w1,Ωbh
2,Ωch

2,H0, τopt ,As, ns}.

Then the reduced parameters space due to optical depth for WL+RSD reads as:

{Θp} : {w0, w1,Ωbh
2,Ωch

2,H0,As, ns}.
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Parameter Feng
TT+Pol+BAO

Feng
WL+RSD

LCDM
TT+Pol+BAO

LCDM
WL+RSD

Ωbh
2 0.02211± 0.00016 0.0241+0.0077

−0.0035 0.02211± 0.00016 0.045± 0.019

Ωm 0.3128± 0.0072 0.297+0.036
−0.032 0.3125± 0.0074 0.261± 0.030

w0 −1.0235+0.0053
+0.00012 −1.019+0.010

−0.0093 −1.00 −1.00

w1 −0.038+0.018
−0.028 −0.0271+0.0074

−0.020 0.00 0.00

Ω0
DE 0.6872± 0.0072 0.703+0.032

−0.036 0.6875± 0.0074 0.739± 0.030

H0 67.40± 0.52 69.3± 4.3 67.42± 0.53 81+20
−10

σ8 0.829+0.012
−0.0091 0.756+0.051

−0.045 0.829± 0.013 0.762± 0.043

τ 0.078+0.014
−0.011 Fix 0.078+0.031

−0.031 Fix

ln(1010As) 3.090+0.028
−0.021 2.90+0.25

−0.51 3.090± 0.031 < 3.70

χ2
CMB 11400 − 11404.4 −

χ2
BAO 5.1 − 5.1 −

χ2
RSD − 4.5 − 5.3

χ2
CFHTLENS − 26.8 − 26.0

Table 2: The best fit of free parameters of DDE and LCDM models based on
Planck TT+Pol+BAO and WL+RSD data in 68% confidence interval.

To find the best fit of given parameters by the mentioned data, we use maximum
likelihood analysis. According to Bayesian statistics, the likelihood function given
by:

L = A exp[−χ2/2], (16)

which A is constant and the value of χ2 for combination of data and model with
free parameters is:

χ2 =
∑
i

1

σi
[Di − y(x|P)]2. (17)

Di refer to data points and y(x|P) is model with free parameters. The best fit
values are obtained by minimizing χ2 or maximizing the likelihood.

To perform a maximum likelihood analysis we used the publicly available Monte
Carlo Markov Chain code CosmoMC [31] which has been modified for the DDE
model carefully. To obtain observational constraints, we used following data sets
from early and late time Universe.

3.1 Early Time Universe Data Set

In order to obtain parameters constraints from early Universe, we consider Cos-
mic Microwave Background and Baryonic Acoustic Oscillations. Given data are
uncorrelated and the total value of chi-square reads as:

χ2 = χ2
CMB + χ2

BAO (18)
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Figure 1: The left panel shows the ratio of dark energy to dark matter of models
based on best fit for two data sets. The right panel exhibits the Hubble parameter
of model and comparison with data versus redshift.

3.1.1 CMB

We use measurements of temperature anisotropies made by Planck2015 which
covers multi poles in the range of ℓ ≈ 2 − 2500 by using standard likelihood.
Also to get tighter constraints we include polarization measurements by using
polarization and temperature-polarization cross-correlation power spectra from
Planck 2015 data release [32].

3.1.2 BAO

We use Baryonic Acoustic Oscillations (BAO) measurements from the Six Degree
Field Galaxy Survey (6dF)[33], the Main Galaxy Sample of Data Release 7 of Sloan
Digital Sky Survey (SDSS-MGS) [34] and the LOWZ and CMASS galaxy samples
of the Baryon Oscillation Spectroscopic Survey (BOSS-LOWZ and BOSS-CMASS,
respectively) [35].

3.2 Late Time Universe Data Set

In order to obtain parameters constraints from late time Universe, we consider
Weak Lensing and Redshift Space Distortion data. Given data are uncorrelated
and the total value of chi-square reads as:

χ2 = χ2
WL + χ2

RSD (19)

3.2.1 CFHTLenS

Gravitational lensing of photons by galaxies is a powerful tool to probe matter
power spectrum and and variance of matter on 8 Mpc h−1 [32]. The coherent
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Figure 2: The left panel shows the variance of matter on 8Mpc h−1 for the models
as a function of redshift and the right panel demonstrate fσ8 consistency of the
models and data versus redshift.

distortion of galaxies shape by large-scale structure, cosmic shear, is is an impor-
tant way to constrain dark energy models due to its dependence to the growth of
fluctuations and two scalar metric potentials. Cosmic shear measured by Canada
France Hawaii Telescope Lensing Survey (CFHTLenS) [36] which is the largest
weak lensing catalog. This is a 154 degree multi-color survey, optimized for weak
lensing analyses, that spans redshifts ranging from z ∼ 0.2 to z ∼ 1.3 . Here we
consider the data subdivided into 6 redshift bins and we applied ultra-conservative
cuts, that exclude ξ− completely and cut the ξ+ measurements at scales smaller
than θ = 17′ for all the tomographic redshift bins [39].

3.2.2 RSD

Non-linear effects can be measured by surveys of Redshift-Space Distortion (RSD)
from peculiar velocities of galaxies within galaxy clusters. Peculiar velocities of
galaxies distorts clustering pattern due to local inhomogeneities. On small scales,
in the core of galaxy, clusters peculiar velocities are distributed randomly which
lead to an effect called finger-of-god on redshift maps. However, on large scales,
gravitation causes galaxies to fall into concentrations, so that velocity field is
related to density field. In this paper, we use RSD measurements from BOSS
CMASS-DR11 analyses of Samushia et al. (2014) [37]. The results of Samushia
are expressed as a 3 × 3 covariance matrix for the three parameters DV /rdrag,
FAP and fσ8, evaluated at an effective redshift of zeff = 0.57, where FAP is the
Alcock-Paczynski parameter and DV /rdrag is the distance ratio [32].

The best value of cosmological parameters for ΛCDM and Feng models by use
of early and late time data sets base on likelihood analysis reported in table 2.
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Figure 3: The left figure show ΛCDM model and right figures show for Feng
model for H0−Ωm two dimensional contour at 2σ confidence interval base on two
data sets which the red one is for Planck TT+Pol+BAO and the violet one is for
WL+RDS data.

4 Result and Discussion
Measurement from CMB and LSS can be used to constrain the cosmological pa-
rameters and other derived parameters such as Ωm and σ8 can be calculated but
in ΛCDM model the value of H0 and σ8 show discrepancy and disagreement for
CMB and LSS as early and late time data sets[18]. Therefore, we intend to dis-
cus effect of dynamical dark energy model on tension and investigate whether it
reduces tension or not.

In contrast with CPL, the Feng model which considered in this paper is di-
vergence free and cover all important feature of CPL [30]. The free parame-
ters of ΛCDM and Feng models was obtained base on early and late data sets
namely Planck TT+Pol+BAO and RSD+WL, at 1σ confidence interval which
reported in table 2. In ΛCDM model, the value of Ωm = 0.3125 ± 0.0074,
H0 = 67.42±0.53 and σ8 = 0.829±0.013 for ΛCDM(Planck TT+Pol+BAO) and
Ωm = 0.261 ± 0.030, H0 = 81+20

−10 and σ8 = 0.762 ± 0.04 for ΛCDM(WL+RSD)
did not overlap in two data sets with given error bars. Albeit, in the Feng model
the value of Ωm = 0.3128 ± 0.0072, H0 = 67.40 ± 0.52 in Planck TT+Pol+BAO
and Ωm = 0.297+0.036

−0.032, H0 = 69.3±4.3 for WL+RSD cover each other in two data
sets and σ8 has still discrepancy. So, th best fit value for mentioned parameters
demonstrate that dynamical dark energy could untie tension in H0. Also, Zhao et
al [38] shows that variable dark energy can improve tension on H0.

Fig. 1,the left panel shows ΩDE/Ωm of the models versus redshift, which exhibit
the models with parameters base on late time are higher than early time and the
Feng(WL+RSD) has higher value rather than ΛCDM(WL+RSD) models that
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Figure 4: The left panel is for ΛCDM and the right panel is the Feng model for
σ8 − Ωm two dimensional contour at 2σ confidence interval base on two data sets
which the red one is for Planck TT+Pol+BAO and the violet one is for WL+RDS
data.

demonstrate the dynamical dark energy model is more powerful to suppress large
scales structures. Right panel is H versus redshift compared with data. The
ΛCDM(WL+RSD ) is differ from others due to its present time value, H0 = 81+20

−10,
which is higher that the others but the models are not distinguishable in the
given error bars. The values H0 for both data sets in ΛCDM model show the
discrepancy.

Fig 2, the left panel is the amplitude of mass fluctuations in 8 Mpch−1 versus
redshift. The Feng (WL+RSD) produce lower value for σ8 due to higher density
value of dark energy mentioned in left panel of fig 1 in contrast with Feng(Planck
TT+Pol+BAO) and the ΛCDM follow DDE model in both data set. therefore
it causes lower value in fσ8 which demonstrates in fig 2. The right panel of
fig 2 shows liner growth of fluctuation for mentioned models which checked by
observational data. The models base on two data sets are not distinguishable in
z < 0.4 red shift bin with given error bars albeit for z > 0.4 the models show
different behavior rather than the fσ8 data. So it is indicate that the Feng model
could not completely alleviate σ8 tension.

In fig 3 from left to right panel present respectively ΛCDM and Feng models
H0−Ωm two dimensional contour plot at 1 and 2σ confidence interval level which
the red one is for Planck TT+Pol+BAO and the violet one is for WL+RDS data.
Plots demonstrate in ΛCDM model the early and late time data are disagreement
for H0 value but considering Feng model as dynamical dark energy model rather
than ΛCDM model causes that the tension completely disappear from 2σ to 1σ
region in H0 − Ωm parameters.

Fig 4 exhibits σ8−Ωm parameters at 1 and 2σ confidence interval for two data
sets. The left panel is ΛCDM and the right panel is Feng model. In ΛCDM
model WL+RSD and Planck TT+Pol+BAO are completely separated at 1σ but
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including Feng model (righ panel) lead to two data set touch each other at 1σ
confidence level. Hence, dynamical dark energy model decrease the σ8−Ωm tension
in compare with ΛCDM model almost 1σ but the tension does not disappear
completely.

5 Conclusion

In this research, we consider the Feng and ΛCDM models in order to study the
discrepancy H0 and σ8 value between early and late time data sets. So, we utilize
the last version of mentioned data to obtain free parameters of model. The early
Universe data consist CMB from Planck 2015 and BAO from 6dF data. The late
time data include RSD from BOSS CMASS DR11 and WL from CFHTLenS data.
we obtain ΩDE = 0.6875 ± 0.0074, Ωm = 0.3125 ± 0.0074, H0 = 67.42 ± 0.53 and
σ8 = 0.829± 0.013 for ΛCDM(Planck TT+Pol+BAO) and ΩDE = 0.739± 0.030,
Ωm = 0.261 ± 0.030, H0 = 81+20

−10 and σ8 = 0.762 ± 0.04 for ΛCDM(WL+RSD)
respectively.

Furthermore for the Feng(Planck TT+Pol+BAO) model ΩDE = 0.6872 ±
0.0072, Ωm = 0.3128 ± 0.0072, H0 = 67.40 ± 0.52 and σ8 = 0.829+0.012

−0.0091 and for
the Feng(WL+RSD) model ΩDE = 0.703+0.032

−0.036, Ωm = 0.297+0.036
−0.032, H0 = 69.3±4.3

and σ8 = 0.756+0.051
−0.045 acquired at 1σ confidence interval respectively.

In ΛCDM model, the best value of Ωm, H0 and σ8 does not cover each other
in late and early data set at 1σ confidence interval while the Feng model the value
of Ωm and H0 are completely in agreement with two data sets. Although the
discrepancy remained for σ8 parameter.

According fig 1 and 2, the Feng(WL+RSD) produces more value for ΩDE/Ωm

and it causes lower value for σ8 and fσ8 in contrast with the Feng (Planck
TT+Pol+BAO). This behavior is weakly seen in ΛCDM model which is because
of late time domination of dark energy but among the model, Feng is more pow-
erful in expanding the Universe. the DDE and ΛCDM models base on early time
data are more compatible with fσ8 data, although for z > 0.4 the models and
data behave differently which show that dark energy could not fully solve the σ8
tension.

Dynamical dark energy is totally figuring out the H0 tension [41]. In fig 3
shows that in Feng model the H0 tension between two data sets disappeared.

It is shown that massive neutrino decreases σ8 tension from 2.5σ to 1.6σ [18]
and also we demonstrate in fig 4 that Feng model as a dynamical dark energy
model could improve the mentioned tension from 2σ to 1σ region. Hence the
combination of massive neutrino plus dark energy to study σ8 tension between
early and late time data left for next work.
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