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Abstract: Einstein–Newcomb–de Sitter (ENdS) space is de Sitter’s modification of spherical space
used by Einstein in his first cosmological model paper published in 1917. The modification by de
Sitter incorporated the topological identification of antipodal points in space previously proposed by
Newcomb in 1877. De Sitter showed that space topologically modified in this way (called elliptical or
projective space) satisfies Einstein’s field equations. De Sitter also found that in a space with constant
positive curvature, spectral lines of remote galaxies would be red-shifted (called the de Sitter effect).
However, de Sitter’s formulae relating distances to red shifts do not satisfy observational data. The
likely reason for this mismatch is that de Sitter mainly focused on space curvature and ignored the
identification of antipodal points. Herein, we demonstrate that it is this particular feature that allows
an almost perfect fit of the ENdS-based cosmological model to observational data. We use 1701
sources from the type Ia supernovae data sample called Pantheon+, which was previously used to fit
the ΛCDM model. ΛCDM and ENdS diverge in their predictions for red shifts exceeding z ∼ 2.3.
Since there are no available type Ia supernovae (SNe) data for higher red shifts, both models can be
validated by using an additional sample of 193 gamma-ray bursts (GRBs) spanning red shifts up to
z ∼ 8. This validation shows that the minimum χ2 for the SNe+GRBs sample is about 2.7% smaller
for the ENdS space model than for the ΛCDM model.

Keywords: type Ia supernovae; elliptical space; wormholes; nonlocality; Schwartzschild metric;
gravitational red shift; cosmological red shift

1. Introduction

The first cosmological model was introduced in 1917 by A. Einstein [1]. It was based
on static space with constant positive curvature. At that time, Einstein was not concerned
with the cosmological red-shift problem because there was no observational evidence for
such a phenomenon at the time, and the universe was commonly believed to be static.
Therefore, Einstein introduced to his model a fine-tuned cosmological constant to make
space static.

Even so, based on Einstein’s static universe model alone, it was already possible to
foresee the existence of cosmological red shift. This was described by W. de Sitter [2],
who analysed various cosmological models based on positively curved three-manifolds
of spherical (S3) and elliptical shapes, the latter having been previously studied by S.
Newcomb [3]. For brevity, we use the acronym ENdS (Einstein–Newcomb–de Sitter) when
referring to this particular version of de Sitter’s models.

Elliptical space (also called projective space (P3)) differs from S3 by identification of
antipodal points, which is schematically shown in Figure 1 in the form of an embedding
diagram, in which spherical curvature is neglected for simplicity. Two antipodal points
of space are separated from each other by the maximal possible distance corresponding
to the projective angle (χ = π) (the solid and dot-dashed line along the manifold in this
diagram). Topological identification is indicated by the dashed line connecting two points
in the perpendicular direction. According to de Sitter, elliptical space (P3) is preferable
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for modelling the physical world because when P3 is projected to the Euclidean (E3) or
hyperbolic (H3) spaces, it covers them once, whereas S3 covers them twice. The projection
corresponds to the coordinate transformation

r = R tan χ , (1)

where R−2 is the constant positive curvature of S3 or P3, and χ is the projective angle.
Locally, S3 and P3 are identical to E3. However, de Sitter noted that since velocity and
energy are related to different reference frames, they change when observed from one or
another reference frame. The time component of the elliptical space metric is

gtt = cos2 χ . (2)

Therefore, from the point of view of a remote observer, all physical processes slow
down, including chemical and atomic reactions, which leads to the reduced frequencies of
electromagnetic waves emitted in these reactions. This time-dilatation effect (called the de
Sitter effect) was regarded by E. Hubble as one of the main possible physical mechanisms
explaining the distance–red shift relationship [4].

Figure 1. Embedding diagram of Einstein–Newcomb–de Sitter elliptical space with two antipodal
points topologically identified (the dashed line). The radius of curvature (R) is neglected in this plot
for simplicity. The distance between two antipodal points is measured along the spatial coordinate
(thin solid and dot-dashed line) by the projective angle (χ), which is equal to π for the maximal
possible separation in the elliptical space.

An alternative interpretation of the distance–red shift relationship due to space expan-
sion was widely debated by many authors, including A. Friedmann [5], G. Lemaître [6],
H.P. Robertson [7] and A. G. Walker [8] (FLRW), whose approach became a basis for the
standard FRLW cosmological model. The 1998 discovery of type Ia SNe excessive dimming
at z ' 1 [9–11] was interpreted as evidence in favour of dark energy—repulsive gravity or
the Λ term in Einstein’s equations, which was incorporated into the standard cosmological
model, together with cold dark matter (CDM) detected via its gravitational effects. Among
other expanding universe models, the standard ΛCDM cosmological model is the best
to fit observational data, including the accurately measured distance moduli of type Ia
supernovae and the fluctuations of the cosmic microwave background (CMB).

In recent years, the standard cosmological model has been subject to some problems.
For example, extremely remote galaxies were found to host very high-mass supermassive
black holes, with not enough time for their formation since the beginning of the uni-
verse [12]. Galaxies were also discovered whose sizes and surface brightness contradicted
the predictions of ΛCDM [13]. More recently, observations made using the James Webb
Space Telescope have demonstrated that there are many well-evolved galaxies with red
shifts (z > 15) that must have been formed in an impossibly short time span of ∼230 Myr
available since the beginning of the universe according to ΛCDM (see a review by N.
Lovyagin [14] and references therein). Static cosmological models provide much more time
for the evolution of those galaxies, which would explain the unexpected JWST results.

All this suggests that the old debate on the nature of the cosmological red shift needs to
be revived. This debate has lasted since the 1930s [15–17] through the 1970s–1990s [18–21],
continuing to very recent years [22,23]. Herein, we contribute to this debate but without
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exploring the de Sitter effect in its original form [2], or the Zwicky’s photon-energy dissipa-
tion mechanism [15], as neither matches the modern standard-candle data based on the
type Ia supernovae distance moduli.

Instead, we focus on a different aspect of ENdS elliptical space, namely the topological
identification of antipodal points. This aspect was neglected by de Sitter when he associated
distances with red shifts in his theory, likely due to the oversight that de Sitter’s formulae,
(1) and (2), do not match observations.

In order to relate red shifts to distances in the elliptical space, the mathematical
concept of identical antipodal points needs to be interpreted in the form of a physical
model. We propose such an interpretation in the next section. In Section 2.2, we derive
a formalism relating the luminosity distances of remote sources with their cosmological
red shifts, which is needed to obtain parameter values for our model using accurately
calibrated observational data of type Ia supernovae (Section 2.3). In Section 3, we compare
the theoretical predictions of the ΛCDM and ENdS models with the distance moduli based
on type Ia supernova data from the Pantheon+ sample. In Section 4, we validate our model
via an external χ2 criterion for red shifts exceeding z ' 2.3 using gamma-ray burst (GRB)
distance moduli provided by L. Amati et al. [24].

2. Materials and Methods
2.1. Physical Interpretation of Identified Antipodal Points

The topological identification of antipodal points of a manifold is a mathematical
abstraction. In order to interpret this in terms of physics, we would need to find a phys-
ical object, preferably one described in a generally relativistic way, which allows widely
separated points of space to be connected. Such an object was found and described in
1935 within the framework of the theory of general relativity by the very author of this
theory [25]. It is called an Einstein–Rosen bridge or, more frequently, a “wormhole” because
it can connect two different spaces (universes).

Later on, it was found that wormholes may connect widely separated regions of the
same space, which was viewed as a possibility for interstellar travel [26]. Thus, wormholes
can also connect antipodal points of ENdS space, which is what we require. This is schemat-
ically shown in Figure 2 in the form of an embedding diagram, where the topological
connection previously indicated as a dashed line in Figure 1 is now replaced with a worm-
hole’s throat. In Figure 2, the observer (o) and the observed source (s) are at distances of ro
and rs, respectively, from the far end of the wormhole’s throat, where rg is the wormhole’s
gravitational radius. The source is at a distance of d = ro − rs from the observer, and we
need to relate this distance to the observed red shift (z) of the source (s) in order to compare
our model with observations.

Figure 2. Embedding diagram depicting a possible physical realisation of the topological connection
between two distant (antipodal) regions of space via a wormhole structure. Here, ro and rs are
distances of the observer (o) and source (s) from the wormhole’s far throat, opposite to the near throat
in the vicinity of the observer; and rg is the gravitational radius of the wormhole.

M.S. Morris, K.S. Thorne and U. Yurtsever highlighted [27] that wormhole creation is ac-
companied by extremely large space-time curvature, which corresponds to microscopic struc-
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tures on a scale length of the order of the Planck–Wheeler length,
√

Gh̄/c3 = 1.3× 10−33 cm.
Therefore, in principle, wormholes can be microscopic. There might be an arbitrarily
large number (n) of microscopic wormholes, and when n → ∞, physical space becomes
approximately equivalent to its mathematical idealisation, called elliptical space.

The fact that two sides of the wormhole’s throat can be located at a very large distance
from each other can be (and is) used to solve the Einstein–Podolsky–Rosen (EPR) para-
dox [28] and to explain the phenomenon of quantum entanglement of subatomic particles
separated by large distances (see, e.g., [29]).

Einstein referred to the possibility of quantum entanglement as to a “spooky action at
distance” [30]. However, surprisingly, it is his own wormhole theory [25] that provides a
solution to the quantum entanglement and nonlocality puzzle 1. This implies that quantum
mechanics, in order to be consistent, require general relativity, which is not a welcome idea
to most modern physicists. However, the matter stands.

Herein, we do not discuss the possibility of solving the EPR paradox using the con-
nectivity between distant regions of space via wormholes. Instead, we focus on another
aspect of this nonlocal connectivity, namely the possibility of perceiving the event horizons
of local microscopic wormholes (near the observer) as horizons in the far distance from the
observer, as these horizons have an effect on both the source and the observer remote from
the far-throats of the same wormholes.

These remote horizons of local microscopic wormholes are spherically symmetric
around the observer. This follows from the topology of the elliptical space. For example,
when looking at the near throat of a microscopic wormhole, the observer localises it within
a very narrow solid angle (a zero-aperture solid angle in the case of the mathematical
elliptical space). However, when the observer looks at the far throat of the same microscopic
wormhole, the solid angle spans 4π steradians (a sphere around the observer), even in the
case of an ideal elliptical space when the far throat of the wormhole at χ = π is point-like.

As the remote horizons are at extremely large distances from the observer, their
deviations from spherical symmetry due to different locations of neighbouring points
around the observer are negligible. Furthermore, the average global collective horizon
around any point of ENdS space is practically ideally spherically symmetric, making all
points of this space equivalent to each other from the observer’s perspective.

As with any Schwartzschild event horizon, there is an associated gravitational red
shift, which is calculable when we know the distances from the horizon to the source
and to the observer. Thus, in this particular setup, the observed cosmological red shift is
gravitational in nature. However, in principle, this gravitational red shift can be mixed with
the red shift caused by the changing scale factor of the FLRW metric, as the concept of space
expansion can equally be applied to ENdS space. Therefore, the resulting cosmological red
shift might be a mix of the gravitational red shift with the red shift caused by a changing
scaling factor. We shall discuss this option later elsewhere.

2.2. Red Shift–Distance Relationship

Consistent with ENdS, we adopt the Schwarzschild metric related to the global remote
horizon. In our setup (Figure 2), we include unknown distances (rs, ro), the source-to-
observer distance (d = ro − rs) and the unknown gravitational radius (rg). Both the source
and observer are within the Schwartzschild metric, which corresponds to the following
spacetime interval in spherical coordinates (r, θ, φ):

ds2 = gttc2dt2 − grrdr2 − r2(dθ2 + sin2 θdϕ2), (3)

where gtt = 1− rg
r and grr = g−1

tt . The source’s red shift with respect to the observer is

z =
√

go
tt/gs

tt − 1 , (4)
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or, if we define rg := 1 as the distance unit,

(1 + z)2 =
(

1− r−1
o

)(
1− r−1

s

)−1
. (5)

Then, the source-to-observer distance reads

d(z) = ro −
[
1− (1− r−1

o )(1 + z)−2
]−1

[in units of rg], (6)

which has to be multiplied by the scaling factor ((1 + z)2) in order to obtain the luminosity
distance

dL(z) =
{

ro −
[
1− (1− r−1

o )(1 + z)−2
]−1
}
(1 + z)2, (7)

with one of the (1 + z) factors accounting for the decrease in the number of incoming
photons due to time dilatation in the Schwartzschild metric (the gtt metric coefficient) and
another accounting for the photon path distortion (the grr metric coefficient). Equation (7)
is the required red shift–luminosity relationship, permitting us to compare the ENdS-based
model with observational data.

2.3. Comparison with Observations

In order to compare the theoretical luminosity distances with observational data (e.g.,
distance moduli of the type Ia supernovae), the distances need to be scaled and converted
into magnitude values comparable with the observed source magnitudes.

For our comparison, we use the well-calibrated sample of 1701 type Ia SNe called
Pantheon+ [32,33]. The uncertainty of the parameters of the standard ΛCDM cosmological
model were recently substantially reduced using this Pantheon+ sample [34]. For example,
the uncertainty in the H0 parameter was reduced to ±1 km/s/Mpc.

Although the ΛCDM model was previously fitted to the Pantheon+ sample by D.
Brout et al. [33], we repeat that fit here to ensure that our calculation algorithms, when
applied to both ΛCDM and ENdS, remain the same in order to consistently intercompare
these two models 2.

Starting with the ΛCDM model, the luminosity distance in this model is calculate as a
function of red shift (z) from

DL(z) = DA(z)(1 + z)2 , (8)

where the scaling factor ((1 + z)2) is the same as in Equation (7), and DA is the angular
diameter distance:

DA(z) =
c

H0

1
1 + z

z∫
0

dz′√
1 + ΩM[(1 + z′)3 − 1]

, (9)

as calculated for a flat cosmology (Ωk = 0). On the other hand, the luminosity distance is
defined as the relationship between the bolometric flux and luminosity of a source, which
is encoded in the source distance moduli provided by the Pantheon+ sample. If DL is
expressed in Mpc, the distance modulus is

µΛCDM = 5 log DL + 25. (10)

3. Results

By fitting the theoretical values (10) to the observationally determined distance moduli
of type Ia supernovae, we can find the values of the ΛCDM parameters. In the flat ΛCDM,
there are two free parameters–H0 and ΩM– and a fixed parameter, ΩΛ = 1−ΩM. The fit
can be achieved by minimising Pearson’s χ2 [33]:

χ2 = ∆DTC−1∆D, (11)
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where C is the covariance matrix, and ∆D is the vector of SN distance–modulus residuals

∆Di = µΛCDM(zi)− µi, (12)

the length of which is N = 1701 for the Pantheon+ sample.
Since here, we are only interested in comparing the goodness of fit of two different

cosmological models, we do not need to reach out for the correct cosmological parameters
via these fits. Thus, we can use a simplified statistic

χ2 = (diag CT∆D)2 =
N

∑
i=1

∆D2
i

σ2
µi

, (13)

where σ2
µi

are the uncertainties of µi as determined from the diagonal of the covariance
matrix (see, e.g., [36], § IIIc for theoretical work or [37] for practical examples of using (13)
and the Pantheon sample [38] for comparison of various cosmological models between each
other). For our comparison, we use µSH0ES from [33], which are the corrected distance
moduli where fiducial type Ia SNe magnitudes (M) were determined from SH0ES 2022
Cepheid host absolute distances [34]. This minimisation of χ2 gives

H0 = 72.429+0.116
−0.109 [km/s/Mpc];

ΩM = 0.389+0.010
−0.007 , (14)

which differ, as expected, from those based on the full covariance matrix (H0 = 73.6±
1.1 [km/s/Mpc]; ΩM = 0.334± 0.018 [33]). This is acceptable, as we are interested in the
goodness of fit characterised by the minimal value

χ2
ΛCDM = 881.15. (15)

Minimisation is achieved by the global descent method with consecutive iterations,
and the confidence limits in (14) are estimated by using the calculated parameter values
corresponding to Pearson’s probability of 68.3% divided by the square root of the number
of degrees of freedom (

√
N − np), where the number of free parameters is np = 2.

In the case of ENdS, besides its free parameter (ro), the expression (10) requires an
extra free parameter, such as sg (a scaling factor), in order to match the theoretical µENdS
with the observationally determined µ from the type Ia SNe:

µENdS = 5 log(sgdL) + 25 , (16)

because dL is expressed in units of rg, and we need to scale it to Mpc. Thus, the ENdS model,
like the flat ΛCDM, also has two free parameters, the χ2-minimised values of which are

ro − 1 = (9.91+0.02
−0.01) · 10−8;

sg = (2.13+0.14
−0.13) · 1010 [Mpc] , (17)

with the minimal χ2
ENdS = 887.56.

The results of these two χ2 fits are graphically presented in Figure 3, where the distance
moduli (µ) from the type Ia SNe Pantheon+ sample are plotted as red points, and the
minimum χ2-fitted theoretical curves for the flat ΛCDM model and the ENdS model are
plotted with solid and dashed curves, respectively.
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Figure 3. Distance moduli (µ) from the type Ia SNe Pantheon+ sample (red points) as a function of
red shift (z), with the minimal χ2-fitted theoretical curves for the flat ΛCDM model (thin solid curve)
and the ENdS model (dashed curve).

4. Discussion
4.1. Validation Using a Gamma-Ray Burst Sample

By comparing the minimal values (χ2
ΛCDM = 881.15 and χ2

ENdS = 887.56), we conclude
that, according to observational evidence (the type Ia SNe distance moduli), both the ΛCDM
and ENdS cosmological models compete on an equal footing with respect to the prediction
of distance moduli.

We see that within the red-shift range of 0 < z < 0.7, the two models are practically
identical. However, for larger red shifts, the ENdS model predicts slightly larger distance
moduli (fainter SNe) than those expected within the ΛCDM framework (see the upper-right
corner of Figure 3).

The difference between the model predictions within the red-shift range of 1 < z < 2
is not significant (a fraction of magnitude). On the other hand, the small number of
available SNe within this red-shift range and the scatter of their magnitudes do not allow
for confident selection one model over the other.

For a robust comparison of these two models, we would need accurately calibrated
type Ia SNe with red shifts of z > 3. Unfortunately, they have not yet been discovered.
However, they are expected to be discovered in a few years by the James Webb Space
Telescope (JWST). Should the future newly discovered SNe with z > 3 be fainter than
what is expected in ΛCDM cosmology, then our cosmological model based on Einstein–
Newcomb–de Sitter space would be robustly confirmed.

The 1998 discovery of type Ia SNe excessive dimming at z ' 1 [9–11] was interpreted
as evidence in favour of dark energy (repulsive gravity or the Λ term in Einstein’s equa-
tions). In physics, dark energy is an unknown entity, and it can only be viably physically
interpreted in terms of vacuum energy. Experimental evidence from particle physics sug-
gests that the vacuum energy density (due to quantum fluctuations) must be large enough
that it is discrepant by the order of 10120 from what is currently deduced from type Ia SNe
observations.

In contrast, the competing model based on ENdS space discussed here is based on the
experimentally observed effect of gravitational red shift. In addition, the ENdS model pre-
diction can be appropriately validated in the near future via the expected aforementioned
JWST discoveries.

As we cannot yet do so due to the lack of standard candle data for z > 3, we can get a
hint of what these data might be by using a proxy for standard candle data in the form of
gamma-ray burst distance moduli (µGRB) obtained via the Amati relation [24]. These GRB
distance moduli (µGRB) are extremely noisy in comparison with the distance moduli (µ)
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of the type Ia SNe, including a low-red shift systematic bias of µGRB. We calculated this
systematic bias to be +0.258 (mag) by minimising χ2 for the 27 µGRB values for z < 0.7
(as the ΛCDM and ENdS models are identical within this red-shift range). The distance
moduli of both type Ia SNe (red points) and GRBs (blue points) are plotted in Figure 4, with
the GRB red shifts projected to z ' 8. As in the previous plot, the ΛCDM-based theoretical
distance moduli are indicated by a thin, solid curve, and the ENdS-based distance moduli
are indicated by a thicker dashed curve.

Figure 4. Distance moduli µ from the Pantheon+ type Ia SNe sample (red points), together with the
distance moduli from the GRB sample (blue points) calibrated using the Amati relation. The thin,
solid and thick, dashed curves indicate the minimum χ2-fitted theoretical curves for the flat ΛCDM
and ENdS models, respectively.

A large sample of quasars spanning approximately the same red-shift range as GRBs is
also available [39]. This sample is thought to be useful as yet another proxy for cosmological
standard candles. However, the sample of quasars is strongly affected by the observational
selection effect for z > 3, as found by Raikov, Lovyagin & Yershov [40]. This means that
this sample cannot be used for robust validation of cosmological models. Some other
authors, e.g., M. López-Corredoira [41] and N. Khadka & B. Ratra [42], arrived at the same
conclusion, which is why we do not use quasars in our study.

4.2. Experimental Challenges of Static and Dynamic Cosmological Models

Our analysis favours a static rather than expanding cosmological model. Static models
were largely superseded by the standard cosmological model of the expanding universe be-
cause it appeared to explain many observations in an elegant way, including the formation
of light elements, the cosmic microwave background and the power spectrum of matter
overdensities in the local universe. The standard ΛCDM cosmology has therefore been
almost universally adopted because of its strength in explaining observational evidence.

However, the same observational evidence has, in the past, also been used to support
static universe models. As we previously mentioned in Section 1, the cosmological red shift
was predicted by de Sitter for Einstein’s static model well before such a phenomenon was
experimentally discovered [2]. A thermalised background radiation with T = 3 K (CMB)
for a static universe was predicted in 1926 by A.S. Eddington [43], and with T = 2.8 K
by W. Nernst in 1937 [44]. These predictions were also made well before G. Gamow’s
CMB prediction in 1953 for the expanding universe [45]. Further detailed explanations of
CMB properties in the framework of a static universe model were made by several authors,
including Yu. Baryshev [46], M. Cirkovic [23] and others. As for the temperature (energy)
of CMB photons arriving at the observer from remote distances, it scales with red shift in
ENdS space in exactly the same way as in expanding universe models,



Universe 2023, 9, 204 9 of 14

T(z) = T0(1 + z), (18)

where T0 ≈ 2.7 K. It follows from the fact that both models reproduce the Hubble law,
i.e., photons arriving from further away (including remote background photons) have
reduced energies compared with the energies of photons emitted nearer to the observer.
The possibility that the cosmic background has a local origin in static universe models
is confidently excluded by measurements of excitation lines in absorption features of
quasar spectra (for example, see [47]) or by measuring the imprint of galaxy clusters on the
cosmic background via the Sunyaev–Zeldovich effect, as in [48]. However, for a cosmic
background of a distant origin, the temperature–red shift relation in static universe models
follows Equation (18). As mentioned above in Section 2.1, ENdS space evolves over time.
Therefore, in contrast with any purely static universe model, the origin of the remote cosmic
background in the model based on ENdS space can include an evolutionary component
similar to expanding universe models.

The abundances of light elements in a static universe were explained by G.R. Burbidge
and F. Hoyle [18,19], R. Salvaterra and A. Ferrara [49] and others. However, there are some
unresolved issues for static universe models. For example, according to the standard cosmo-
logical model, deuterium (2H) was created exclusively during the Big Bang nucleosynthesis
stage, after which it cannot be produced and can only be destroyed in stars [50]. Therefore,
its observed abundance is gradually diminishing. Similarly, lithium (7Li) is also regarded
as having been produced during the Big Bang nucleosynthesis. However, observations
suggest its continuous enrichment due to cosmic-ray spallation [51].

There are other elements (e.g., beryllium and boron) that cannot be produced in stars.
Their existence can be explained by a solution in the form of cosmic-ray spallation/fusion
reactions [52]. This solution has been extensively studied and discussed by many authors,
e.g., [53–55]. It opens an alternative way to model light element formation, which is
required by static and semistatic cosmological models [19]. This mechanism also provides
the possibility of producing 2H, as well as of replenishment of 1H that has been burned in
nuclear reactions in stars. Since the energies of cosmic rays can be as high as 1019 eV, they
can produce spallation fragments, even from 4He [56]. 4He spallation processes can also
involve highly energetic neutrinos [57]. Reactions of this kind are absolutely real, as they
are regularly observed in laboratory experiments [58].

Other alternatives to Big Bang nucleosynthesis are the synthesis of light elements in
massive objects within the nuclear regions of galaxies [18] and the creation of practically
the whole periodic table of the elements in extreme processes involving relativistic compact
objects, e.g., neutron stars [59,60]. As all the abovementioned alternatives are extensively
discussed in literature, we do not need any deeper discussion here.

However, there is one issue that does require attention when considering a static
universe model, which is the question of cosmic structure formation, which is resolved by
the ΛCDM model via quantum fluctuations during the universe’s inflation stage and by
baryonic acoustic oscillations in the early universe. Overdensities are then modelled by
performing perturbative expansions with respect to the background FLRW geometry.

A.S. Eddington [61] demonstrated that homogeneous and isotropic perturbations
cause Einstein’s static universe to be unstable, as a result of which Einstein abandoned
his static cosmological model in 1931. Much later, N. Rosen proved the opposite—that
Einstein’s static model was, in fact, stable [62]. This opened up the question as to whether
the structure formation issue could be resolved in static universe models.

While discussing the observational challenges for static universe models, it would be
unfair to ignore the problems accumulated in the past decade for the ΛCDM model. First,
it is worth mentioning that the standard Big Bang nucleosynthesis theory is not without
serious problems [63–65]. Secondly, four years ago, the Hubble constant tension issue
became so acute within the standard cosmology framework, which was regarded as a crisis
in modern cosmology [66].
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Despite the successes of ΛCDM’s perturbative approach to correctly predict structure-
formation parameters, this approach is still challenged by the fact that on scales below
100 Mpc, the matter distribution in the universe is extremely inhomogeneous. This problem
was recently alleviated by considering quasistatic models containing black hole lattices [67].
Structure formation in such models is quite complicated, but this provides a prospect for
solving the structure-formation issue in static universe models, especially in those based
on black holes or wormholes, such as the model discussed here.

For simplicity, herein, we discussed a static version of ENdS space. However, men-
tioned above in Section 2.1, the concept of space expansion/contraction can equally be
applied to ENdS space. Such a mixed model needs a third free parameter, which would
result in the model’s slightly better fit to the Pantheon+ SNe data. This is a work in progress,
and we shall discuss it in a separate paper. However, we can already note that mixed ENdS
space allows for the exploitation of the existing structure-formation and light-element-
synthesis formalisms that are in use for expanding universe models.

In 2012, we found that the CMB data obtained by the Wilkinson Microwave Anisotropy
Probe were contaminated by irreducible distant (intergalactic) foreground [68]. That con-
tamination was later confirmed to persist in the Plank space mission measurements [69,70].
We also found that the inhomogeneities in the Planck CMB maps are fractal [71], which is
consistent with the well-known fractal distribution of matter in the universe [72–74].

There is statistical evidence that matter overdensities and underdensities imprint
on the CMB as hot and cold spots [75,76]. For example, the CMB cold spot, which is
inexplicable within the ΛCDM framework, was found to be physically related to the
Eridanus supervoid [77,78]. These results support Eddington’s idea that CMB radiation
could be either partially or entirely explained as thermalised radiation from matter.

Since CMB data contamination is caused by a foreground whose influence is cur-
rently impossible to take into account, it is highly likely that the CMB-derived ΛCDM
cosmological parameters cannot be trusted.

Recently, JWST observations of highly red-shifted galaxies [79,80] have shown them to
be similar in appearance to the fully developed galaxies found in the late universe, despite
their impossibly short ages as calculated using ΛCDM. This inconsistency casts doubt
on one of the foundational pillars of the standard cosmological model, which is accurate
prediction of geometrical and evolutionary structure.

In turn, this fact leads us to question whether the whole bulk of observational evidence
supporting ΛCDM is, in fact, untrustworthy. It is this observational evidence that became
the main reason for building the alternative cosmological model discussed here.

5. Conclusions

The comparison between the standard ΛCDM cosmological model and the cosmologi-
cal model proposed here demonstrates that these two models are practically identical in
terms of their predictions for the distance moduli of the available standard candles (type Ia
SNe) within the red-shift range of 0 < z < 2.3.

For higher red shifts, the model based on ENdS space predicts longer-distance moduli
(fainter type Ia SNe) than those calculated within the framework of the standard ΛCDM
cosmological model. This theoretical prediction can be experimentally verified in the future,
as new discoveries of type Ia SNe with z ' 3 are expected within a few years by the JWST.
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The following abbreviations are used in this manuscript:

CMB Cosmic microwave background (radiation)
ENdS Enstein–Newcomb–de Sitter (space)
EPR Einstein–Podolsky–Rosen (paradox)
FLRW Friedmann–Lemaitre–Robertson–Walker (metric)
GRB Gamma-ray burst
JWST James Webb Space Telescope
ΛCDM Lambda cold–dark matter (cosmological model)
SN supernova.

Notes
1 In fact, this is the only viable way of understanding what matter is and what particles of matter are made of: “there is nothing in

the world except empty curved space” [31]. It is also a way of answering the question as to the origin of particle species and the
pattern of three generations of fundamental fermions. These are incorporated into the Standard Model of particle physics as
something given to us by nature, setting aside the question, “why do we have this particular set of fundamental particles and not
something else?”. This is a related but different question, discussed by the author elsewhere.

2 There might be small differences in algorithms and software used by different research groups, so our results might also be
slightly different from other previously published results. We conduct our calculations here using the R package cosmoFns [35]
and the formulae presented above.
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