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Abstract
Differences in the values of the Hubble constant obtained from the local
Universe and the early Universe have resulted in a significant tension. This
tension signifies that our understanding of cosmology (physical processes
and/or cosmological data) is incomplete. Some of the suggested solutions
include physics of the early Universe. In this paper we aim to investigate
common features of various early-Universe solutions to the Hubble constant
tension. The physics of the early Universe affects the size of the sound horizon
which is probed with the Cosmic Microwave Background data. Within the
standard model, the size of the horizon (within limits of current measurements)
is affected by processes that could occur between (approximately) 1 d after
the Big Bang and the last scattering instant. We focus on simple extensions
incorporating Early Dark Energy (EDE) and show how such a model affects the
inferred values of the Hubble constant. We compare this model toΛCDMmod-
els using MCMC analysis, likelihoods over the parameter space and Bayesian
evidence. The MCMC analysis shows that EDE leads to a decrease in the size
of the sound horizon that is consistent with H0 = 73.56 km s−1 Mpc−1 but we
also show that MCMC analysis favours increasing redshift and proportion of
EDE. The Bayesian evidence favours our EDE model for very narrow, finely-
tuned parameter space. The ΛCDM model used for comparison has good
evidence across a wide parameter space. We interpret this as an indication
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that more sophisticated models are required. We conclude that if the Hubble
tension were to be related to the physics of the early Universe, EDE could be
used as a window to explore conditions of the early Universe and extend our
understanding of that era.

Keywords: Hubble constant, early Universe, early dark energy

1. Introduction

Georges Lemaître and Edwin Hubble discovered the expansion of the Universe in 1927 and
1929 respectively, and each derived an expansion rate of the Universe which has been called
the Hubble constant. While the value has since been revised down significantly, there is now
some disagreement, or tension, in the current measured value. There are two main methods of
measuring the Hubble constant. The first one relates to the physics of the late Universe, the
second is derived from parameters of the Cosmic Microwave Background (CMB). The current
values are of the order of 73 and 67 km s−1 Mpc−1 respectively, and the uncertainties in the
values are sufficiently small that there is a significant tension between them.

In 2023, Kamionkowski and Riess [23] conducted a thorough review of research published
into the Hubble tension. They examined the values of the Hubble constant obtained from obser-
vations of the local Universe by multiple methods and compared those to values calculated
from measurements of the early Universe, followed by a review of early- and late-Universe
models that may resolve the Tension. They concluded that Early Dark Energy (EDE) may be
the most likely candidate to resolve the Hubble tension.

In this paper, we posit a hypothesis that the Hubble tension could be due to some process
in the early Universe that is not yet incorporated into the standard model. We use this hypo-
thesis as an opportunity to investigate possible extensions and properties of the early Universe.
We constructed a model incorporating EDE and used a Markov Chain Monte Carlo (MCMC)
analysis to see if it can resolve the Hubble tension. We reviewed our results by examining the
likelihood across the parameter space of the MCMC analysis and also the Bayesian evidence
for our model. It is anticipated that within the next decade, with data coming from next gen-
eration surveys, this hypothesis will be thoroughly tested and either rejected or will indeed
provide a window to the physics of the early Universe.

The remainder of this paper is structured as follows: section 1.1 finishes the introduction
with a brief review of EDE and early Universe models to position our paper within this field.
Section 2 discusses the sound horizon, how it affects the Hubble constant and describes the
research in this paper to resolve the Hubble tension. Section 3 gives the results of our research
and discussion of these and section 4 contains our conclusions.

1.1. Review of EDE and other early Universe models

Here we look at recent research into EDE models, followed by other early Universe models,
each aimed to reduce the Hubble tension.

The EDE is a phenomenological umbrella term that encompasses a wide range of physical
models. A number of teams have investigated EDE models and its possible properties that
would allow us to identify what type of phenomena EDE could be related to. Beanoum et al
[3] presented an EDE model featuring a non-linear electrodynamics framework that mimics
radiation at the early stages of the Universe and exhibits an accelerated expansion in the late
evolution of the Universe. Cruz et al [8] developed a new EDE (NEDE) model, with a vacuum
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energy component decaying around recombination, providing a solution to the Hubble ten-
sion, comparable to the Supernovae and H0 for the equation of State of dark energy program
(SH0ES) [37] measurement of H0. Herold and Ferreira [18] presented constraints on the EDE
fraction and the Hubble parameter, endorsing EDE as a viable solution to the Hubble tension.
Lin et al [30] investigated an Early Dark Sector (EDS) where the mass of dark matter depends
on the EDE scalar field. Their model, termed trigger EDS, performed comparably to EDE in
resolving the Hubble tension. Niedermann and Sloth [31] argued that NEDE offers a natural
framework to extend ΛCDM in order to address the H0 tension. They discussed triggers at a
microscopic level, either an ultralight scalar field or a dark sector temperature.

Poulin et al [35] reviewed various EDE models, emphasizing their potential to resolve the
Hubble tension, with next-generation surveys as crucial testing grounds. In a further paper [36]
they conducted a thorough review of EDE solutions to the Hubble Tension. They reviewed
eight different significant EDE models, and some minor models, and concluded that EDE
endures as a solution to the Hubble tension but does not definitively solve the tension, which
will require data from future observatories to provide more precise measurements. They also
discussed the research showing that EDE models increase the S8 tension. While we acknow-
ledge this, it is outside the scope of this paper.

Other groups examined scenarios not limited to EDE. Investigating a coupling between
neutrinos and an EDE scalar field, de Souza and Rosenfeld [9] explored a potential easing
of the Hubble tension. However, their parameters did not yield values relieving the tension.
Gonzalez et al [6] examined the claims of de Souza and Rosenfeld [9], disagreeing with the
findings and asserting that neutrino-assisted EDE remains an interesting potential resolution
of the Hubble tension, advocating further study. Escamilla et al [11] examined the dark energy
(DE) equation of state, finding no compelling evidence for inconsistency with w=−1.

Research has also been conducted into axion-like EDE Models. Cicoli et al [7] modelled
EDE in type IIB string theory with the EDE field identified as either a C4 or C2 axion. In a dif-
ferent approach Eskilt et al [12] examined polarization of the CMB, connecting it to axion-like
EDE and its potential violation of parity symmetry. Goldstein et al [16] presented constraints
on axion-like EDE using Lyman-α absorption lines, suggesting that severe constraints on EDE
models could resolve the Hubble tension, and Jiang and Piao [22] investigated axion-like EDE,
combining CMB observations to favour non-zero EDE fractions and large Hubble constants.

Another approach to resolve the Hubble tension was to modify ΛCDM itself. Lemos et al
[28] tested the consistency of ΛCDM assumptions at z∼ 1000, emphasizing the robustness of
the model but also the need for more precise measurements. Lee et al [27] explored data-driven
solutions to the Hubble tension via perturbative ΛCDM cosmology modifications, using the
Fisher bias formalism. Focusing on a dynamic electron mass and fine structure constant, they
found that modifying recombination, based on Planck CMB data, could potentially resolve the
tension. However, inclusion of BAO and uncalibrated supernovae data tempered this optimism.
Wang and Piao [46] explored varying equations of state in ΛCDM through MCMC analysis,
favouring only marginal evolution in w, other than the typical w=−1. In a separate study
[45], they investigated coupling a fraction of dark matter with EDE, finding it alleviated the
S8 tension but led to a diminished fit for H0.

The latest data release (DR6) from the Atacama Cosmology Telescope shows essentially
no shift in H0 within the EDE model, compared to ΛCDM, with the hint of non-zero EDE,
which was seen in data release 4, absent in DR6 [5].

Takahashi and Toda [41] investigated the impact of big bang nucleosynthesis, revealing
that its analysis could alter the tension by 0.8σ in EDE models. Meanwhile, Tian and Zhu [42]
proposed fluid property modifications, inspired by the radiation-matter transition, avoiding the
need for fluid-like DE.
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Ye et al [47] used CMB-only data to constrain the shape of lensing in EDE models, irre-
spective of late Universe evolution. They explored how CMB data, including temperature,
polarization spectra, and lensing reconstruction, restricts the lensing potential in ΛCDM and
EDE. Current CMB lensing data enforces a stringent constraint in the 80 < l< 400 range of
the CMB power spectrum, requiring ΛCDM-like behaviour. This imposes a robust constraint
on late Universe behaviours during the relevant CMB lensing period.

EDE could also be a signature not of the actual physical field/process, but a manifestation
of limitation of our understanding of gravity. In the area of modifications to general relativity
and related cosmological models, Odintsov et al [32, 33] explored a power-law F(R) grav-
ity scenario with an EDE term. The EDE term, acting between matter-radiation equality and
recombination, did not significantly impact H0 values but required a substantial coefficient
for viability. Ben-Dayan and Kumar [2] investigated Banks-Zaks/Unparticles as a DE model,
obtainingH0 ≈ 70–73 km s−1 Mpc−1. Hu andWang [20] reviewed the Hubble tension, advoc-
ating for late Universe modification. Khodadi and Schreck’s models [24], based on modified
general relativity, failed to explain the Hubble tension, highlighting limitations of new phys-
ics. Kuzmichev and Kuzmichev [26] proposed a quantum Bohm potential-inspired term as a
candidate for addressing the Hubble tension, altering the early Universe’s expansion history
while leaving the late evolution unchanged.

Vagnozzi proposed that early Universe solutions alone can not solve the Hubble tension
and a combined approach is needed, requiring modifications to early time, late time and
local physics [43]. Akarsu et al [1] explored the emerging discrepancies between predictions
from ΛCDM and observations and suggested that tensions hint at missing physics in the late
Universe and future observations will help clarify whether the tensions are due to problems in
ΛCDM or from observational variability.

In summary, no single theory or modification explored above could resolve the Hubble
tension and any solution will likely consist of both early and late Universe modifications. The
research reviewed concluded that EDE may contribute but will likely only be a part of the
solution.

2. The sound horizon and the Hubble constant

The pre-CMBUniverse consisted primarily of a plasma of baryons, photons and other particles
such as neutrinos. Interactions between photons and baryons in this fluid created perturbations
in the plasma which propagated at the speed of sound. At recombination, matter and radiation
decoupled and the fluctuations are now visible as primary: CMB anisotropies. The largest of
these correspond to the sound horizon which was the distance sound waves in the photon-
baryon fluid could travel just before recombination.

The sound horizon, rs at the CMB is given by

(1+ z)rs =
ˆ tCMB

0

cs (t)
a(t)

dt, (1)

where z is the redshift, tCMB is the age of the Universe at the CMB and a is the scale factor.
The speed of sound cs is given by
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Figure 1. Size of the sound horizon rs for values of the Hubble constant H0, using
equation (1). Values of rs for values of H0 from the CMB (H0 = 67.3 km s−1 Mpc−1)
[34] and SNIa observations (H0 = 73.3 km s−1 Mpc−1) [37] are indicated.

c2s =
1
3

(
1+

3ωb

4ωγ (1+ z)

)−1

, (2)

where ωb is the baryon density and ωγ is the photon density. The Hubble constantH0 is related
to the scale factor a by

H0 =
ȧ0
a0

. (3)

Equations (1) and (3) show the size of the sound horizon is dependent on the Hubble con-
stant, shown in figure 1. Indicated on the figure is the size of the sound horizon for values
of the Hubble Constant from the values consistent with early and late Universe data (keeping
ΩM,ΩR and ΩΛ fixed).

Figure 1 is a simple illustration of various physical models briefly reviewed in section 1.
The aim of introducing new physics process into the standard model of the early Universe aims
to decrease the size of the sound horizon at the CMB. Below, we review standard equations
and investigate how various terms affect the size of the sound horizon.

2.1. Decreasing the sound horizon

The early Universe was radiation dominated. In the standard model, the radiation is sourced
by two components: photons and neutrinos. The parameter ΩR = ωr/h2 (where h= H0/100),
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Figure 2. The inferred value of the Hubble constant from the CMB and its dependence
on the effective number of neutrino species, Neff, showing a linear relationship between
H0 and Neff. Values of Neff for values of H0 from the CMB (H0 = 67.3 km s−1 Mpc−1)
[34] and SNIa observations (H0 = 73.3 km s−1 Mpc−1) [37] are indicated.

and the equation for the radiation density, ωr is given by:

ωr =

[
1+

7
8
Neff

(
4
11

) 4
3

]
ωγ , (4)

where ωγ is the photon density and Neff is the effective number of neutrino species in the early
Universe. It can be seen that increasing the number of neutrino species increases the Hubble
constant, shown in figure 2 for ΩM = 0.31,ΩR = 0.0001 and ΩΛ = 0.69. The value used for
the remainder of this paper is Neff = 3.046 [34].

The sound horizon is derived from the angular diameter distance to the CMB, θs, which has
been measured by the Planck space observatory to a high degree of accuracy, with a value of
θs = (1.04108± 0.00031)× 10−2 [34], with θs =

rs
DA

, where rs is the size of the CMB sound
horizon and DA is the angular diameter distance to the CMB.

The equation for DA is also derived from parameters of the CMB and given by:

(1+ z)DA =
c
H0

ˆ zCMB

0

dz(
ΩM (1+ z)3 +ΩR (1+ z)4 +ΩΛ

) 1
2

. (5)

In this paper, we propose to introduce EDE into the pre-CMB Universe and study the effect
it has on altering the size of the sound horizon and therefore changing the value of the Hubble
constant in the present Universe. We modelled this by adding an additional term, EDE, to the
equation for the sound horizon:

(1+ z)rs =
c
H0

ˆ ∞

zCMB

dz(
ΩM (1+ z)3 +ΩR (1+ z)4 +ΩΛ +ΩEDE

) 1
2

1√
3
[
1+ 3ωb

4ωγ(1+z)

] , (6)
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Figure 3. The predicted Hubble constant H0 increases with an increasing proportion f
of Early Dark Energy as a fraction of the total energy of the early Universe.

where ΩEDE is the additional EDE component that affects the size of the sound horizon and is
given by:

ΩEDE =
2(

1+zc
1+z

)3(1+wn)
+ 1

f
1− f

(
ΩM (1+ zc)

3
+ΩR (1+ zc)

4
+ΩΛ

)
, (7)

where zc is the critical redshift at which EDE is at its maximum and f is the fraction of total
energy which is EDE at zc. Increasing EDE as a fraction of total energy of the early Universe,
i.e. increasing f, increases H0 as shown in figure 3, for zc = 20000 and ΩM = 0.3147 [34] .

The expanding Universe causes different cosmological fluids to evolve differently. Figure 4
shows the evolution of all cosmological fluids, matter, radiation, the cosmological constant
(DE) and EDE, as a function of redshift. The lower plot shows EDE as a proportion of total
energy density and how it peaks at a critical redshift, for f = 0.1 and zc = 20000. Matter
reduces ∝ a−3, radiation ∝ a−4, dark energy (cosmological constant) ∝ a0 and EDE peaks
in the early Universe, then fades away, becoming essentially insignificant by the CMB.

The Nine-year Wilkinson Microwave Anisotropy Probe (WMAP) observations [19] meas-
ured the power spectrum of the CMB radiation temperature anisotropy to significant accuracy,
yielding measurements of the physical baryon density, the physical cold dark matter density
and the DE density, and derived a value for H0 = 69.33± 0.88 km s−1 Mpc−1. This is in ten-
sion with the value of H0 derived from SNIa observations, which is H0 = 73.30± 1.04 km
s−1 Mpc−1 [37].

In order to see if different parameters could be found to alleviate the Hubble tension, we
chose a nominal value for ΩM = 0.27, maintaining the same value of Ωbh2, and found that a
value of H0 = 72 km s−1 Mpc−1 was the best fit to obtain a matching power spectrum, using
the CAMBpython package [29]. TheWMAP andmodified parameter power spectra are shown
in figure 5, showing that a similar power spectrum to WMAP can be obtained with different
parameters, indicating that different conditions of the early Universe can result in a similar

7



Class. Quantum Grav. 42 (2025) 143001 G Simpson et al

Figure 4. Evolution of densities of cosmological fluids, including Early Dark Energy,
from z= 107 to 10−1 (R) to (L). The upper plot shows the densities of matter, radiation,
EDE, the cosmological constant and a total of these as a proportion of current Universe
density. The lower plot shows the EDE density as a proportion of critical density. The
vertical line in the centre marks the redshift of the CMB.

Figure 5. Power spectrum of CMB from WMAP observations and with modified para-
meters to obtain a similar power spectrum.
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power spectrum to that observed. The modified parameter values could then be the basis of a
pre-CMB scenario which includes EDE.

The aim of the research was to use MCMC analysis to find whether adding EDE to the
pre-CMB Universe would alter H0 sufficiently to resolve the Hubble tension.

An initial approach was to test whether a simple fluid, rather than the EDE in equation (7),
would suffice to resolve the Hubble tension. To this end, we conducted an MCMC analysis
using a simple fluid, ΩX, in place of the EDE, and also a complicated fluid, ΩX(1+ z)3(1+Y).
In the first case ΩX had an initial value of 0.5 and was allowed to vary between 0 and 1. For
the second case ΩX had an initial value of 0.1 and was allowed to vary between 0 and 1, while
Y had an initial value of 1 and was allowed to vary freely.

An MCMC analysis was then performed using the EDE in equation (7) to find the best fit
values of the critical redshift zc and EDE fraction f, using the python emcee package [15] for
these values of ΩM and H0, using equations (5) to (7) and fixing the values of θs and ωb to
the Planck data [34]. The values of θs and its uncertainty, along with a calculated DA were
used in the probability of acceptance in the MCMC analysis, with constraints 0< f< 1 and
zc > 1100. We then compared the results from this to an MCMC analysis based on Planck [34]
and Pantheon [4] data, and also just on Planck data. Lastly we obtained the Bayesian evidence
for each model, using the python Dynesty package [13, 25, 38–40] and compared the evidence
for each model. Comparison of the evidence for each model balances χ-squared minimization
against model complexity, with higher evidence value indicating a model is more favoured
when considering both fit and complexity.

3. Results and discussion

The MCMC analysis using simple fluids did not prove useful in resolving the Hubble tension.
The addition of the simple fluid ΩX results in essentially just Gaussian noise, as shown in
figure 6. The median values of H0 and ΩX have not varied from their initial values and the
uncertainties in the value of ΩX are of the order of ΩX itself and the uncertainties in H0 are too
large to indicate any dependence on ΩX or be conclusive.

Similarly, the fluidΩX(1+ z)3(1+Y) also results in Gaussian noise (figure 7), with themedian
values of H0, ΩX and Y being of the order of each parameter and the uncertainties in H0, ΩX

and Y again inconclusive.
Figure 8 shows the results of the MCMC analysis for a model incorporating EDE with

ΛCDM. To achieve a value of the Hubble constant that is in agreement with observations from
the local Universe, such as SH0ES, a fraction as high as f = 0.798 +0.15

−0.28 and a median critical
redshift zc = 60467 +95043

−40204 was found to be the best fit, resulting inH0 = 73.56 km s−1 Mpc−1,
meaning the peak EDE occurs early and at a large fraction of the total energy of the Universe.

The addition of EDE in figure 8 indicates that an additional fluid in the pre-CMB Universe
can alleviate the Hubble tension but the large fraction f at a large and increasing redshift zc
means that a distinct fraction and redshift has not been determined and further work is neces-
sary to determine the precise fraction of the Universe that EDE represents and its associated
redshift.
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Figure 6. H0 MCMC plot for simple fluid ΩX, resulting in just Gaussian noise. The
median values of H0 and ΩX do not show deviation from their initial values. The uncer-
tainties in the value of ΩX are of the order of ΩX itself and the uncertainties in H0 are
too large to indicate any dependence on ΩX or be conclusive.

Figure 9 shows a plot of the Likelihood over the parameter space investigated (H0, f and zc)
in the MCMC analysis. The figure depicts the parameter space and slices through the space at
the point of maximum Likelihood. It shows that, while the EDE model is effective at alleviat-
ing the Hubble tension, it is only effective for a very narrow range of parameters within that
volume.

Using the python Dynesty package, the Bayesian evidence for this EDE model was log(Z)
=−8.276. This value, along with figure 9, indicates that EDE provides a good χ-squared fit to
the model but requires fine-tuned parameters and therefore is a highly specific model. ΛCDM,
by comparison, is a good general model, effective over a large range of parameters.

We compared the EDE model to a ΛCDM model without EDE and using constraints based
on Planck 2018 results and DA based on Pantheon results [4]. Figure 10 shows the MCMC
analysis resulting in H0 = 67.31 km s−1 Mpc−1, ωb = 0.0225 and ωcdm = 0.1210. The results
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Figure 7. H0 MCMC plot for fluid ΩX(1+ z)3(1+Y), resulting in just Gaussian noise.
Similar to figure 6, the median values ofH0,ΩX and Y are of the order of each parameter
and the uncertainties in the parameters again inconclusive.

are in agreement with data obtained from the Planck collaboration [34], confirming the validity
of our model.

Figure 11 shows a plot of the likelihood over the parameter space investigated (H0,ωb and
ωcdm) in the ΛCDM (Planck and Pantheon constraints) MCMC analysis. It shows that the
model is effective for a wide range of parameters across the volume. The figure depicts the
parameter space and slices through the space at the point of maximum likelihood.

For this model, the Bayesian evidence was log(Z) = −2269.147 which indicates a less
favoured model than our EDE model. However, the likelihood in figure 11 shows this model

11
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Figure 8. H0 MCMC plot with EDE. A high fraction of EDE, at high redshift, results
in H0 = 73.56 km s−1 Mpc−1, in general agreement with observations from the local
Universe.

is favourable across a wider parameter space than the EDE model and does not require finely
tuned conditions.

Lastly, we compared the EDE model to a ΛCDM model without EDE using constraints
based on Planck 2018 results only. Figure 12 shows the results of the analysis, with H0 =
67.05 km s−1 Mpc−1, ωb = 0.0225 and ωcdm = 0.1209, similar to the model based on Planck
and Pantheon constraints.

Figure 13 shows the Likelihood over the parameter space investigated (H0,ωb and ωcdm) in
the ΛCDM (Planck and constraints only) MCMC analysis. This model shows a similar likeli-
hood to figure 11, but with a slightly higher likelihood across a marginally wider volume, and
is the model with the highest likelihood over a wide parameter space. The Bayesian evidence
for this was log(Z) = −23.975, several orders of magnitude higher than the Planck/Pantheon
constraints model.

12
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Figure 9. Likelihood over the parameter space for the EDE model, including slices for
each parameter at the point of maximum likelihood. The narrow path of high likelihood
shows the EDE model is effective at alleviating the Hubble tension for a very narrow
range of parameters.
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Figure 10. H0 MCMC plot with no EDE and using Planck and Pantheon constraints.
The values of H0,ωb and ωcdm are in agreement with data obtained from the Planck
Collaboration [34] and are well constrained.
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Figure 11. Likelihood cube for the ΛCDM model, based on Planck and Pantheon con-
straints. The high likelihood across a large volume indicates the model is effective for a
wide range of parameters across the volume.
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Figure 12. H0 MCMC plot with no EDE and using only Planck constraints. Similar to
figure 10, the values of H0,ωb and ωcdm are in agreement with data obtained from the
Planck collaboration [34] and are tightly constrained.
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Figure 13. Likelihood cube for the ΛCDM model, based on Planck constraints only.
This model shows a slightly higher likelihood across a marginally wider volume than
figure 11, and is the model with the highest likelihood over a wide parameter space.

4. Conclusion

While observations of the early Universe are only possible as far back as the CMB, various
theoretical models have been proposed to vary the state of the pre-CMB Universe to resolve
the Hubble tension. In this paper we have reviewed a number of papers that each modified the
conditions in the early Universe, reducing the sound horizon and raising the value of H0. We
have taken a phenomenological approach to the conditions of the early Universe, exploring
the effect of EDE in the pre-CMB Universe on the size of the sound horizon and its effect on
the Hubble constant.

Using an MCMC analysis, we found that a proportion of EDE can increase the Hubble
constant to values consistent with measurements from the local Universe. While effective, this
method is a blunt approach and tends to move the onset of EDE to higher and higher redshifts,
with EDE an increasing fraction of the Universe and having a likelihood over a very narrow
parameter space, particularly when compared to ΛCDM models. The median EDE fraction
was found to be as high as f = 0.798 +0.15

−0.28, at a median critical redshift zc = 60467 +95043
−40204,

resulting in H0 = 73.56 km s−1 Mpc−1, which is in general agreement with observations from
the local Universe, such as SH0ES. This leaves questions as to the precise redshift and fraction
that should occur for best effect.
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The Bayesian evidence for our EDE model, with log(Z) = −8.276, and the plot of like-
lihood over the parameter space, indicates our EDE model is favoured for a narrow volume
requiring highly fine-tuned parameters and therefore is not a good general model. The ΛCDM
model based on Planck data has a slightly lower evidence, log(Z) = −23.975, but the plot of
likelihood indicates this is a valid model over a wide range of parameters.

We have shown that EDE can resolve the tension but only for a model with finely-tuned
parameters. If the Hubble tension is resolved by a model just using EDE, our study shows that
the parameters involving the distribution of EDE over time and the fraction of the Universe are
highly specific. If this small parameter space can be ruled out in some way, then we agree that
EDE by itself will not resolve the Hubble tension and any model that does resolve the Hubble
tension would most likely include physics of the early and late Universe.
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