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In this study, we introduce the Dark Universe (DUNI) model, a novel cosmological framework
addressing the Hubble tension and the fine-tuning problem associated with vacuum energy. Unlike
the ACDM model, which exhibits significant discrepancies with the R21 (Adam Rises) data , the
DUNI model proposes that dark energy, rather than radiation, dominates the early universe’s ex-
pansion. This distinctive approach significantly reduces the Hubble tension to a consistency level
of 0.220 while maintaining the same number of free parameters as the ACDM model . By as-
suming an exponential function for dark energy and its effects on matter, the DUNI model also
addresses the hierarchy problem by predicting a lower effective mass for particles like the Higgs
boson in the early universe. Using CosmoMC tools, we validate the DUNI model against observa-
tional datasets including R21(Adam Riess), Type Ia Pantheon supernovae, the cosmic microwave
background (CMB), and baryon acoustic oscillations (BAO), demonstrating its robust compatibility
with current observations.

I. INTRODUCTION

The ACDM model has long served as the standard paradigm in cosmology, successfully describing the universe’s
large-scale structure and expansion history [1] . It integrates a cosmological constant (A) as dark energy and cold dark
matter (CDM) to account for the observed accelerated expansion and the formation of cosmic structures. However,
the ACDM model faces significant challenges: the Hubble tension, a persistent discrepancy between locally measured
and early universe-inferred expansion rates , and the fine-tuning problem regarding the disparity between predicted
and observed vacuum energy densities [2].

Moreover, the ACDM model shows substantial discrepancies when fitted to the R21 (Adam Rises) data, highlighting
its limitations in describing the universe’s expansion history accurately [3]. In contrast, we propose the Dark Universe
(DUNTI) model, which posits that dark energy, rather than radiation, dominates the early expansion of the universe.
This paradigm shift resolves the fine-tuning problem by aligning theoretical and observed vacuum energy densities
more closely and provides better constraints on the R21 data, significantly reducing the Hubble tension to 0.220 .

Additionally, the DUNI model addresses the hierarchy problem by predicting that dark energy influences matter in
a way that lowers the effective mass of particles like the Higgs boson in the early universe. This is achieved through the
relationshipHpg(z) = Hoe%z, which we demonstrate solves the hierarchy problem around a redshift of 30, consistent
with current observations [4].

This study evaluates the DUNI model at the background level, examining its fundamental cosmological dynamics
and compatibility with observational data. Utilizing the CosmoMC computational framework, we integrate data from
R21, Type Ia Pantheon supernovae, the CMB, and BAO to validate the DUNI model’s consistency with observed
phenomena .

II. MODEL DESCRIPTION

The DUNI model proposes a novel framework in which dark energy plays a crucial role in the early universe’s
expansion, rather than radiation . The core of the model is based on the assumption that Hubble dark energy-
dominated era can be described asHpg(z) = Hoe??. This relationship suggests that dark energy exponentially
impacts the expansion rate and the matter energy density, leading to significant cosmological implications.The DUNI
model proposes that dark energy, rather than radiation, dominates the early universe’s expansion. This model assumes
that the Hubble parameter, H(z), evolves according to:

H = Ho\/Qpmoe” + Qoe=2(1 + 2)* + Qyo(1 + 2)° (1)

Where(,,, = Qpur + € is the total mass density parameter including dark matter and baryonic matter and, €2, is
the density parameter of radiation (photons-+relativistic neutrinos).
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A. Hubble Function for Dark Energy Density

To derive the Hubble function in the context of the DUNI model, we start with the differential equation governing

dark energy:
ppE +3Hppp(l+w) = f(2)
Assuming ppg = %7 we have:
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Finally, integrating yields:
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H(z) = Hye! %% (2)dt=5(1+w) ) — fr X (2)

where we define X (2) = 1z to align with the exponential dark energy functionHpg(z) = Hge??

B. Matter Density Relation

(2)

While we cannot theoretically prove the exact form of the matter density relation, we can test its validity through

observational consistency. For w=0, the Hubble function is given by:

Pm + 3Hpm (1 +w) = g(2)

w=20

9(2) = N(2)H?(2)

H(2) = Hoel CFEN@A=342) = e (FENGAH355) = (1 4 2)3eV )

Assuming that dark energy affects matter, we propose:

Guessing M(z) = (1 + z)2, we obtain:

Thus,

H(z) = Ho(1 +2)3eV®) = Ho(1 4 2)} (1 + 2)be
H(z) = Hoe *(1 + 2)*

(12)



Hence, the matter density relation becomes:
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Pm = G

We assume a matter density relation and find it compatible with observations by substituting it into the DUNI model
and checking its predictions. This empirical approach shows that the assumed matter density relation provides a good
fit to the data, reinforcing its validity within the model’s framework.

C. Estimating Redshift for Boson Generation and Addressing the Hierarchy Problem

The hierarchy problem concerns the vast difference between the Higgs boson’s observed mass and the large quantum
corrections it should receive from high-energy processes. In the DUNI model, this problem is mitigated by the influence
of dark energy on matter properties. The energy density of dark energy at high redshifts affects the mass of particles
like the Higgs boson, resulting in lower effective masses in the early universe.

D. Redshift Estimation

To estimate the redshift z at which the hierarchy problem is addressed and bosons like the Higgs are generated, we
use the matter density relation derived above. For z ~ 30 so we have:

2
PHiggs ~ 2556_22(1 + 2)4
Atz ~ 30 (16)

~, 3H} ,—60(91)4
PHiggs ~ me (31)

This high redshift corresponds to a significantly reduced energy density, consistent with conditions required for particle
generation in the early universe. Observations suggest that such redshifts are indeed where significant structure
formation and particle generation occur.

E. Solution of Fine-Tuning Problem

The fine-tuning problem in cosmology concerns the discrepancy between the theoretical prediction and the observed
value of vacuum energy. In the DUNI model, the vacuum energy density at high redshift can be expressed as

3H?
PV acuum = ﬁ(QDE()GZ + Qm0€_2z(1 + 2)4 + Qro(l + 2)4) (].7)

At high redshifts, where z is large the term Qppge® dominates, and we have:

3HZQpEo o

8rG (18)

pvacuum(z > ]-) ~
This exponential term aligns the theoretical prediction with the observed vacuum energy density by adjusting the
value of Qpgg to match observations. This effectively resolves the fine-tuning problem by ensuring that the predicted
vacuum energy density does not vastly exceed the observed value. The DUNI model derives its predictions from
General Relativity (GR) while aligning with Quantum Field Theory (QFT) predictions for vacuum energy, providing
a unified approach to these fundamental problems.



III. IMPORTANT NOTE ABOUT RECENT SUPERNOVA DATA (ADAM RIESS 2021)(R21)

His data set, potentially involving Type Ia supernovae, offers valuable insights into the universe’s expansion history
at higher redshifts. The DUNI model can be compared to this recent data (2021) from Adam Riess and collaborators
to assess its ability to reconcile the Hubble tension, particularly if it provides a better fit with the observed Hy value
compared to the Lambda-CDM model.

By incorporating these diverse data sets at the background level into its analysis using the Cosmo MC computational
tool, the DUNI model can be rigorously tested against observations. A better fit with these data sets, including the
recent supernova data from Adam Riess et al. (2021), could potentially contribute to resolving the Hubble tension.

IV. OBSERVATIONAL DATA

In this section, we describe the cosmological data sets used in this work in brief. The description of the data catalogs
is as follows:

1. CMB: We use the most precise full-sky measurements of Cosmic Microwave Background (CMB) radiation
performed by Planck satellite. We use both high-¢ temperature and polarization angular power spectra from the
final release of “Planck 2018” baseline PLIK-TTTEEE along with Planck low-f and low-E (SimAl1l) (¢ < 30) [5-7].
We mention all of Planck data (including temperature and polarization) by “CMB”.

2. R21: To test the ability of this model to reconcile the Hj tension, we additionally include a Gaussian prior of
the form Hy = 73.30 & 1.04 km/s Mpc, as reported by the SHOES Collaboration [3]. We refer to this prior as
LLR217’ .

3. BAO: We also consider the various measurements of the Baryon Acoustic Oscillations (BAO) from different
galaxy surveys as the Planck collaboration in their 2018 analysis [5], i.e. 6dFGS [8], SDSS-MGS [9], and BOSS
DR12 [10]. We mention all these data points by “BAO”.

4. SN: We include the measurements of the 1048 Supernovae Type Ia luminosity distance in the red-shift interval
z € [0.01,2.3], from the Pantheon sample [11]. We show this catalog of SuperNovae by “SN”.

In some analysis, we use a combination of “CMB+BAO+SN” data which we refer to this combination as “CBS”.

V. STATISTICAL METHODS

Here, we briefly introduce the statistical methods used in our analysis. The cosmological analysis we carry out
in this work is based on Bayesian inference. To analyze the data and extract the constraints on the cosmological
parameters for DUNI model, we have modified carefully the widely used cosmological Markov Chain Monte Carlo
package CosmoMC [12, 13], which is publicly available[http://cosmologist.info/cosmome]. This package is equipped with
a convergence diagnostic based on the Gelman and Rubin statistic [14], assuming |R — 1| < 0.01 for all parameters,
and implements an efficient sampling of the posterior distribution using the fast/slow parameter decorrelations [13].

One measure to check the consistency of our model with observational data in comparison to the standard model
is the “Akaike Information Criterium” (AIC) which is a tool to measure the improvement of the fit. We compute the
AIC of the extended model DUNI relative to that of ACDM, defined as

AAIC = X?nin,DUNI - X?nin,ACDM + 2(Npunt — Nacom) (19)

where Npunt and Nacpum stand for the number of free parameters of DUNI model and ACDM model [15, 16],
respectively.

To put the model to the test for Hubble tension we use the “rule of thumb difference in mean” or Gaussian Tension
(GT) [16, 17], defined as

Tp — TSHOES
2 2 172
(03 + o8nors) /

(20)

where Tp and op are the mean and standard deviation of the Hy for model based on observational data D, and
Tsuors and ospors correspond to Hy = 73.30 & 1.04 km/s Mpc [3].



We do a Maximum Likelihood Analysis by using CosmoMC as a cosmological MCMC code. To find the best fit of
parameters of DUNI model, we assume a parameter space as:

Po = {02, Quh?, 1000uc, 7, 104, n, ) (21)

where 7y, is the reionization optical depth, ng is the scalar spectral index, Ay is the amplitude of the scalar primordial
power spectrum, and Oy¢ is an approximation of ., which represents the angular scale of the sound horizon at
decoupling. We always consider a flat Universe (Q2x = 0). The priors assumed for parameters are summarized in
Table 1.

To do cosmological calculation for DUNI model, we used a publicly available Einstein-Boltzmann code, called CAMB
code [18]. By careful modification of CAMB code for this model, we obtained power spectrum of temperature anisotropies
(see Fig. 8).

VI. RESULTS

To put our model to the test, we applied many combination of observational data including Early-universe data
(CMB), Standard Rulers (BAO), Standard Candles (SuperNovae) and also a prior of H, parameter extracted by
SHOES team [3]. As, we can see in Fig. 1, the prediction of our model for Hy parameter is pretty consistent with
late-time measurement of Hubble parameter called “R21” [3]. In this figure, the shaded area represents the mea-
surement of Hy parameter according to SHOES team. The result of analysis of model based on only CMB data
(Temperature and Polarization together) shows fully consistency with “R21” measurement. Similar conclusion can
be inferred from Fig. 2. The two-dimensional contour plots of Hy parameter vs. density parameter of matter €2,,
show that by applying different data combination including: CMB, CMB+SN, CMB+R21 and CMB+SN+R21 to
our model, it shows consistency with “R21” measurement completely. But, similar to ACDM model, when we add
Baryon Acoustic Oscillation (BAO) data, it goes away. However, we should note that in our model in contrast to
ACDM model, the contour of “CMB+BAO+SN” analysis shows overlap with “R21” measurement and it is not fully
incompatible with late-time measurement of H, parameter.

In Fig. 3 we show the one-dimensional posterior of different parameters when we apply different combination of
data to our model. Also, similar result for different parameters is depicted in Fig. 4.

In Table. IT we see result of analysis for ACDM model with different combination of data. And, in Table. IIT we

summarize the result of analysis of our model with different data combination. According to these tables, by using
the definition of Gaussian Tension in Eq. 20 our model has the ability to reduce the tension in Hubble parameter
to 0.220. Please note that this accomplishment while it is obtained that the number of free parameters of our model
is similar to Standard model.
The visual result comparing ACDM model and DUNI model by using only CMB data can be seen in Fig. 6.The visual
result for DUNI model by using only CMB data can be seen in Fig. 5. The vertical and horizontal dashed lines show
best-fit value of “R21” measurement for Hy parameter. Obviously our model fit within “R21” constraint very well
while ACDM shows significant discrepancy.

For more intuition, we show the summarized result of Table. III in graphical way in Fig. 7. We can see behavior of
model parameters when we apply different data combination.

The most important statistical property of CMB anisotropies is the “power spectrum”. We compare power spectrum
of DUNI model with ACDM and observational data points of Planck 2018 data release in Fig. 8. The shaded area,
represents the limit for accuracy of the power spectrum called “Cosmic Variance” which is defined as [19]

AC(0) -
(C’([)> cosmicvariance - 20 +1 (22)

Where £ is the multipole moment and C(¢) is the power spectrum.
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FIG. 1. 1D posteriors of Hy are shown for the different dataset combinations. The shaded area shows the measurement of Hy done by
the SHOES team and its 1o and 20 errors [3].
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FIG. 2. 2D contour plots at 1o and 20 confidence levels for Hg vs. €, for the DUNI model for different combination of data. The
dashed line marker is a central value of the Hy measurement reported by the SHOES team (R21) and the shaded area shows the 1o and
20 confidence levels of this measurement.
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FIG. 8. Power spectrum of the temperature anisotropies for the DUNI model with a dashed orange line obtained with the best-fit of the
parameters for the “CMB”. The theoretical prediction of the ACDM model is shown with a solid black line. Blue points show observational
data of Planck 2018 release. The shaded area represents the cosmic variance of the power spectrum. The lower panel shows the residual
of the two models to observational data.

Parameter H Priors
Qph? [0.005,0.1]
Q.h? [0.001,0.99)

Tre [0.01,0.8]

1000nic [0.5,10]
log [10"° AL] || [1.6,3.91]
ns [0.8,1.2]

TABLE I. Flat priors used on various free parameters of DUNI model, during statistical analysis.
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Parameter || CMB CMB+R21 CBS CMB+SN CMB+SN+R21
Q. 0.3162T0057  0.2958 +0.0068  0.3100 & 0.0060  0.3148 +0.0080  0.2959 + 0.0065
Ho 67.30 £ 0.61 68.84 £ 0.53 67.74 +0.44 67.40 £ 0.58 68.83 £0.51

T 0.0537 £0.0073  0.059570°95720.0558 + 0.0079  0.0548 +0.0080  0.0540 + 0.0076
1000sc  |[1.04090 + 0.00031 1.04133 + 0.00029 1.04102 & 0.00030 1.04093 + 0.00031 1.04133 + 0.00030
N, 0.9649 £ 0.0043  0.9729 £0.0041  0.9673 £0.0038  0.9654 + 0.0044  0.9662 & 0.0041
In(10™A,)|| 3.043+0.015 3.048T0 078 3.046 +0.016 3.045 +0.016 3.048 £ 0.017

X&21 — 18.7 (v:9.8) — — 18.7 (v:8.9)
XEAO —— —— 6.0 (11:0.5) —— ——

XN —— —— 1035.06 (»:0.0)  1035.37 (»:0.2)  1034.84 (1:0.0)
XeMB 2780.0 (v:15.0)  2786.3 (1:26.6)  2780.4 (v:16.9)  2780.1 (v:16.8)  2786.4 (v: 25.2)
AAIC || 0 0 0 0 0

TABLE II. 68 % CL constraints on free and derived parameters of the ACDM model from Planck CMB power spectra in combination
with BAO and Type Ia SuperNovae data plus a Gaussian prior on the Hubble constant Hy as measured by SHOES team.

Parameter H CMB CMB+R21 CBS CMB+SN CMB+SN-+R21
Q.. 0.2678 = 0.0059  0.2678 &= 0.0055 _ 0.2949 & 0.0045  0.2686 & 0.0062 0.2681 =+ 0.0056
H, 73.04 = 0.50 73.04 £ 0.47 70.93 £ 0.33 72.97 £ 0.52 73.02 £ 0.47

T 0.0539 + 0.0078  0.0545 £ 0.0081  0.0459 & 0.0075  0.0541 £ 0.0077 0.0540 & 0.0076
1000rc || 1.04094 + 0.00031 1.04095 + 0.00031 1.04024 + 0.00029 1.04092 £ 0.00032 1.0409575 00053
7, 0.9663 &= 0.0043  0.9663 & 0.0041  0.9529 & 0.0036 _ 0.9660 & 0.0044 0.9662 £ 0.0041
In(10"°A,)|[ 3.043 +£0.016 3.044 4+ 0.016 3.04070 518 3.0444+0.016  3.043+0.016
XE21 — 0.27 (1:0.1) —— —— 0.28 (1:0.1)
X&ao —— —= 32 (v:18.2) — —
2N — —— 1039.42 (1:0.0)  1040.25 (»:0.0)  1040.27 (v 0.0)
XEMB 27822 (1:16.6) 27822 (1:16.8)  2800.5 (v:34.1)  2782.3 (v:17.1) 2782.1 (v: 15.8)
AAIC | 2.2 —22.53 50.46 7.08 —17.29

TABLE III. 68 % CL constraints on free and derived parameters of the DUNI model from Planck CMB power spectra in combination
with BAO and Type Ia SuperNovae data plus a Gaussian prior on the Hubble constant Hp as measured by SHOES team.

VII. CONCLUDING REMARKS

The Dark Universe (DUNT) model offers a promising resolution to critical cosmological issues: the Hubble tension,
the fine-tuning problem of vacuum energy, and the hierarchy problem. By proposing that dark energy dominates the
early universe’s expansion and assuming its exponential effect on matter, the DUNI model naturally aligns theoretical
and observed vacuum energy densities. It significantly reduces the Hubble tension to 0.22¢ , particularly providing
better constraints on the R21 (Adam Riess) data compared to the ACDM model.

Our analysis, focused on background-level dynamics, shows that the DUNI model aligns well with current observa-
tional data, maintaining the same number of free parameters as the ACDM model while providing a robust alternative
for cosmic evolution. The compatibility of this energy density relation with observational data is further validated
by the fact that it predicts a redshift of around 30 for the generation of the Higgs boson, consistent with current

observations of the early universe.
The DUNI model thus emerges as a robust and viable alternative to ACDM, offering new insights into the universe’s
expansion history and fundamental properties.

VIII. DATA AVAILABILITY STATEMENT

The datasets used or analysed during the current study available from the corresponding author on reasonable

request.
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IX. CODE AVAILABILITY STATEMENT

The code used or analysed during the current study available from the corresponding author on reasonable request.
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