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Abstract: The existence of a background of ultra-strongly interacting gravitons is a key postulate of the author’s low-energy gravity
model. Side effects of the model due to photons interacting with this background may be important for cosmology, and their observation
would be essential to support the model. The most important such effect is the quantum redshift mechanism, which may constitute an
alternative to the generally accepted mechanism associated with the expansion of the universe. The model should have a weakening of
the light flux due to a change in the number of photons, which replaces the influence of dark energy. Scattered photons may form a
new background that can be detected by deep space missions. Some important predictions of the model are tested using observational
data sets of Supernovae Ia (SNe Ia), compact quasars, and Lyman-alpha emitters. The article shows that the linear function H(z) of the
model satisfactorily describes the results of measurements of the Hubble parameter. Using a trial function for the weakening parameter,
the possibility of a different interpretation of the Hubble tension is illustrated. The increasing angular diameter distance of this model
is fitted to a set of 120 measurements of the angular sizes of compact quasars with redshifts of 0.46–2.76 with independent calibration
of their linear sizes. Attention is drawn to the possibility of a false interpretation of changes in the measured sizes of Lyman-alpha
emitters observed by the James Webb Space Telescope in the redshift range of 3–7 as evolutionary effects in the ΛCDM model, since
these changes can be due to the increasing angular diameter distance of this model.
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1. Introduction

The discoveries of the last decades in cosmology have an
important feature: both dark matter and dark energy [1, 2] are
something unknown that has been given a name. Intensive searches
are underway for particles that could make up dark matter [3],
but it is not even clear where to look for the substance called
dark energy. With the increase in the accuracy of measurements
and the volume of cosmological surveys, some tensions with the
standard cosmological model have appeared, for example, the
Hubble tension, forcing one to assume the dynamic nature of
dark energy [4, 5]. Attempts to construct a quantum theory of
gravity based on Einstein’s metric theory have been persistent for
decades, but so far without success. Existing testable predictions
of such models are few, since the main effects are expected to
occur at Planck energies and distances [6]. In the author’s model
of low-energy quantum gravity, based on the postulate of the exis-
tence of a background of superstrongly interacting gravitons, the
situation is different [7, 8]. The term “superstrongly interacting
gravitons” means that the cross section for interaction between
gravitons and any particle is very large. Unlike quantum gravity
models based on general relativity, in this model, the interac-
tion of individual gravitons is described by a new constant, D,
with the value: D = 0.795 · 10−27m2/eV2 [7]. For example, the
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interaction cross section of a 10-meV graviton and a 1-eV photon
in a head-on collision is equal to ∼ 10−30m2. Cosmic expansion
is impossible in this model, as gravity is treated as a screening
effect in the background of gravitons. The cosmic distance dual-
ity relation of general relativity is not satisfied in the model, as
the number of photons is not conserved; some of them are scat-
tered through non-head-on collisions with gravitons. The model is
not metric; the gravitational interaction of bodies is described in
flat space using forces, with Newton’s constant calculated in the
model.

The model predicts small effects due to the interaction of pho-
tons with this background, which may be of great importance for
cosmology. The most important of these is the quantum redshift
mechanism, which may become an alternative to the mechanism
based on the expansion of the universe. The second effect is due
to non-head-on collisions of photons with background gravitons
and leads to an additional weakening of the light flux from a
distant source, making dark energy unnecessary. The scattered
photons should create a new isotropic background, which will be
the third effect. Multiple collisions of gravitons with each other
should lead to the appearance of a sea of massive virtual gravitons
with very low energies, which can pretend to be dark matter par-
ticles. The implications of these effects and their differences from
the cosmological ΛCDM model are discussed here.
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2. The Hubble Parameter

In this model, the geometric distance r depends on the redshift
z as:

r(z) = H0

c
· ln(1 + z), (1)

where H0 is the Hubble constant, which can be calculated in this
model and has the following theoretical value: H0 = 66.875 km ·
s−1 ·Mpc−1, c is the speed of light (a detailed derivation of the
key equations of this paper (e.g., Equations (1), (2), (3), and (6)
can be found in references [3] and [13] of the article by Ivanov
[8]). The Hubble parameter H(z) in this model without expansion
can be defined as [7]:

H(z) ≡ dz
dr

· c = H0 · (1 + z), (2)

which is significantly different from its nonlinear dependence on
redshift in ΛCDM. To compare this expression with observations,
I have used a full set of 32 observed points H(z) from the paper by
Moresco et al. [9] obtained with the cosmic chronometers method
and have calculated < H0 > and σH0 as described in the paper by
Ivanov [8]. The obtained result: < H0 > ±𝝈H0 = 62.315 ± 5.84
has a high C.L. 98.80%, 𝜒2=16.718; this means that the measure-
ment accuracy of H(z) does not allow us to distinguish between
this model and ΛCDM. Figure 1 [9] shows the fitting curve with
H0 =< H0 > (solid) and observed points H(z). Moresco et al. [9]
estimated the Hubble constant in ΛCDM higher using the same

data set: < H0 > ±σH0 = 66.5 ± 5.4. The linear function H(z)
provides a good fit to other sets of Hubble parameters (see [8] for
examples), except for the five-point compilation [8] obtained from
the results of the DESI collaboration [10].

3. Photon Number Losses, the Luminosity Distance,
and the Possibility to Re-Interpret the Hubble Tension

In the model, the luminosity distance DL(z) is equal to:

DL(z) = c
H0

· ln (1 + z) · (1 + z)(1+b)/2, (3)

where b is the attenuation factor of the luminous flux caused
by non-head-on collisions of photons with background gravitons
[7, 8]. This factor was calculated for the case of a narrow beam
of rays, when a photon after a collision leaves the photon stream
registered by a remote observer [8]: b = 2.137. For photons with
very high energy, b = 0 should be. But the exact dependence of
b on the photon energy remains an open problem in the model.
The dependence of the luminosity distance on the factor b, which
can take different values for radiation sources with different spec-
tra, makes the luminosity distance a multi-valued function of the
redshift, which is very different from the situation in ΛCDM.
This difference in models would be easy to detect by measuring
the luminosity distances of distant sources of visible and gamma
radiation, for example. Unfortunately, gamma-ray bursts have an
unknown absolute luminosity, and they have to be calibrated inΛCDM using supernovae.

Figure 1
The linear curve fit with H0 = < H0 >(solid) and 32 observed points H(z)
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Another open problem is the value of the photon energy
at which we will have b = 2.137. Since b should increase with
decreasing photon energy, this should lead to some increase in
b with increasing redshift if b < 2.137, that is, to the replace-
ment: b → b(z). If b < 2.137 in the ultraviolet (UV), visible, and
infrared, this should lead to another observable effect – a change
in the shape of the spectra of distant sources in these ranges. Spec-
tral lines on the red side of the spectrum should be weakened more
than lines on the blue side. It is possible that this putative effect
leads to the appearance of small blue galaxies observed by the
James Webb Space Telescope (JWST) at redshift z > 10 [11, 12].

The ratio δ(z) of the scattered flux to the remainder that
reaches the observer due to photon number losses is also
determined by factor b [8]:

δ(z) = (1 + z)b − 1. (4)

The possible formation of a background of visible radiation from
these scattered photons may be related to the preliminary detec-
tion of a diffuse cosmic optical background by the New Horizons
mission [13].

I want to demonstrate here that the possible dependence
b(z) allows for a different interpretation of the Hubble tension
[14, 15]. If initially this term meant the detected difference between
the locally measured value of H0 and its value obtained by the
Planck 2018 team [16] within a ΛCDM scenario (see Figure 2
in the paper by di Valentino et al. [14]), now it is understood
somewhat more broadly – as a change in the value of H0 at
different intervals of redshift values [17, 18]. In the paper by

Dainotti et al. [17], the authors use the following phenomeno-
logical function H0(z) to obtain the best fit to the binned values
of the Master sample of SNe Ia (Supernovae Ia) data: H0(z) =
H′

0/(1 + z)α, where the parameters H′
0 and α are evaluated.

Table 1
The linear functions b(z) and the best fitting values of< H0 > and σ0 for the Union 2.1 compilation of SNe Ia

b(z) < H0 > 𝜎0 x2 C.L., %

2.137 + 0.1z 68.454 6.002 230.535 100
2.137 68.223 6.097 239.635 100
2.0 + 0.1z 67.782 6.189 250.159 100
1.9 + 0.2z 67.526 6.233 255.600 100
1.8 + 0.24z 67,129 6.371 270.000 100

1.7 + 0.31z 66.805 6.477 282.010 100

Such a decrease in H0 with increasing z in my model can be
interpreted as an increase in b with increasing z at a constant H0.
To demonstrate the effect of such a change in b, I chose a linear
trial function b(z) = b_0 + a·z and found the best values of H_0
for different values of its parameters b_0 when fitting D_L (z) to
the Union 2.1 compilation of SNe Ia [19] corrected for no time
dilation. The results are shown in Table 1; we see that the selection
of the parameters of the trial function b(z) allows us to reduce the
estimate of H0. Using Equation (3) with a constant b = 2.137 gives
for the full data set: < H0 > ±𝜎0 = (68.22 ± 6.10) km/s ·Mpc,

Figure 2
The angular diameter distance in units of c/H0 for a flat Universe with concordance cosmology with ΩM = 0.3 and w = -1 (solid) and in

this model without expansion (dash)

Pdf_Fol io:3 03



Journal of Optics and Photonics Research Vol. 00 Iss. 00 2026

with 𝜒2 = 239.64, C.L. 100%, while dividing it into two subsets
with z < 0.15 and z > 0.15, we have < H0 > ±σ0 = (69.411 ±
5.402)km/s · Mpc for the first subset with 𝜒2 = 124.46, C.L.
100%, and < H0 > ±σ0 = (65.710 ± 5.391)km/s · Mpc for the
second one with 𝜒2 = 95.74, C.L. 100% [8].

4. Model Testability

The cosmic distance duality relation (CDDR):

η(z) ≡ DL(z)
DA(z) · (1 + z)2 = 1, (5)

where DA(z) is the angular diameter distance, taking place
under the conditions that photon number is conserved, gravity is
described by a metric theory, and photons are traveling on unique
null geodesics [20]. While the paper by Bassett and Kunz [20]
reported small deviations of η(z) from 1 caused by excess bright-
ening of Supernovae Ia (SNe Ia) at z > 0.5, a recent paper by
Kanodia et al. [21] using reconstructed DL(z) from SNe Ia and
DA(z) from Megamaser data showed that CDDR holds in ΛCDM
at z < 0.04, and using combining baryon acoustic oscillations
(BAO) and SNe Ia data with appropriate choices of calibration
parameters, it holds at 0.04 < z < 1.6. He et al. [22] tested the per-
formance of the CDDR using SNe Ia data (Pantheon data) and
the compact radio quasars sample in the redshift range (0.4–2.26).
In the paper by Roman et al. [23], the measurement errors of
DA(z) and H(z) in the upcoming SPHEREx survey up to z = 4.6
are estimated in the ΛCDM model. The paper by di Valentino
et al. [24] describes observational tensions in cosmology, the ways
to resolve them, and the key objectives and potential new physics
that may be observable in upcoming surveys.

This model differs significantly from the ΛCDM model. It is
based on a non-metric gravity model; the number of photons in it
changes due to scattering on gravitons – that is, the attenuation of
light from distant objects is not associated with dark energy, and
space is considered Euclidean, so the angular diameter distance
DA(z) = r(z). There is no expansion of the universe, and there-
fore, there is no time dilation. If in the ΛCDM model the Hubble
constant is a model parameter, then in this model, it can be cal-
culated. The functions DA(z) of the two models differ greatly, as
can be seen in Figure 2. If in ΛCDM DA(z) has a maximum at
z ≈ 1.5 and then monotonically decreases, in this model, DA(z)
is a growing function, which at z = 10 is almost 12 times greater
than its analogue in ΛCDM. It may be that this is what leads to
the apparent supercompactness of blue galaxies at z > 10 [11, 12].
Naturally, CDDR in the form η(z) = 1 does not take place. The
theoretical expression for η(z) has the form in this model:

η(z) ≡ DL(z)
DA(z) · (1 + z)2 = (1 + z)(b−3)/2. (6)

This function may be equal to unity for all z, but with the value
b=3, which is unacceptable in this model. The graphs of Equations
(4) and (5) are shown in Figure 3, and to compare the graphs
of Equation (5) with the measurements, the DL(z) values must be
corrected for no time dilation.

Using a data set of 120 milliarcsecond compact radio sources
in quasars with the redshift range 0.46 < z < 2.76 and with
milliarcsecond angular sizes measured by very-long-baseline inter-
ferometry, Cao et al. [25] in the ΛCDM model computed DA(z)
for these sources and evaluated < H0 > to be 67.6 + 7.8 − 7.4
km s-1 Mpc-1. The size of compact quasars was derived using a

Figure 3
The graphs of Equations(4) (dotted) and (5) with b = 2.137 (solid) and b = 0 (dashed)
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Figure 4
Plot of the theoretical angular diameter distance of this model (solid) and 120 angular diameter distance values calculated from the

angular sizes of quasars

phenomenological model of a source and the observational H(z)
data: l = (11.03 ± 0.25) pc. The obtained values of the angular
diameter distance are in agreement with the theoretical curve of
the ΛCDM model with ΩΛ = 0.7.

In order to use the same data set of the angular sizes of
compact quasars to fit the function DA(z) of this model, it is nec-
essary to estimate the value of l independently of work [25]. To
do this, I multiplied the measured values of the angles θ(zi) from
Table 1 of the article by Cao et al. [25] by the values of the theo-
retical function DA(z) for the same zi. Averaging over all points,
I found the following estimate of l in (c/H0) · milliarcsec units:
l = (1.187 ± 0.458), or l = (25.52 ± 9.84) pc with H0 = 67.6
km s-1 Mpc-1, which is approximately 2.3 times higher than the
estimate of the cited work. This difference is due to the different
scales of distances in the two models. Using this estimate, I calcu-
lated DA(zi) using the formula: DA(zi) =< l > /θ(zi) and found
the standard deviation σDA(zi) for indirect measurements of this
quantity. The fitting results are shown in Figure 4 (the angular
sizes of quasars are taken from Table 1 of the paper by Cao et al.
[25]); in units of (c/H0), the theoretical function DA(z) has no
free parameters. The resulting value of 𝜒2 ∶ χ2 = 98.247 gives

C.L. 91.75%. Changing the calibration of the linear size of distant
objects increased the angular diameter distance values.

Perhaps measurements of the sizes of Lyman-alpha emit-
ters with images from the JWST [26] are relevant to this topic.
In this paper, analyzing a large sample of 876 spectroscopically
confirmed Lyman-alpha sources at 3 < z < 7, the authors
found in the ΛCDM model a weak size evolution according to∝ (1 + z)−0.91 ± 0.10 and ∝ (1 + z)−0.93 ± 0.18 in the rest-frame
UV and optical ranges. To find the behavior of the measured
angular sizes θ(zi) of the emitters with changing redshift, I divided

each of the two functions (1 + z)<𝛽> by the angular diameter
distance DA(z) in the ΛCDM model with Ωm=0.3. Since in my
model the angular size of distant objects with constant linear size
is proportional to ln−1(1 + z), I also found a value of the expo-

nent β0=-1.143, at which the function (1 + z)β0 /DA(z) in theΛCDM model well models the function ln−1(1+ z) of this model
on the interval z ∈ [3, 7]. The graphs of these functions ∝ θ(z),
normalized to unity at z = 3, are shown in Figure 5. We see that

the graphs of (1 + z)β1 /DA (z) and (1 + z)β2 /DA (z) go above
the graph of ln−1(1 + z) for normalized functions; that is, the
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Figure 5
Graphs of the normalized functions 𝜃(z) of this model for objects of constant linear size (solid) and functions of the form𝜃(z)∝(1 + z)𝛽 / DA (z) in the ΛCDM model with β = β0 (dashed), β = < β1 > (dotted) and β = < β2 > (dash-dotted)

size of the Lyman-alpha emitters from the point of view of this
model rather increases with the growth of z. In units of standard
deviations σβ, the difference between the best value of 𝛽0 for a
constant emitter size and the values of 𝛽1 and 𝛽2 found in work
by Song et al. [26] is 2.3 · 𝜎𝛽1

and 1.8 · 𝜎𝛽2
in the rest-frame UV

and optical ranges, and here, the errors in the absolute sizes of the
emitters for z = 3 were not taken into account.

An important question is whether this model can be falsified.
I believe the most reliable way to do this is to test the quantum
nature of the redshift in the model in a ground-based laser exper-
iment. If the model is correct, then such an experiment should
detect a weak shifted line after repeatedly passing a laser beam over
a distance of several kilometers. With an average photon energy
of 1 meV, the photon energy in the red-shifted line should be the
same amount less than in the main line. The ratio of the inten-
sities of the red-shifted and main lines should be proportional to
the distance traveled by the beam in the high-vacuum tube (more
details can be found in reference [13] of the paper by Ivanov [8]).

5. Conclusion

When comparing the theory with the measurement results, it
is important to consider the difference in paradigms between this
model and the ΛCDM model. The luminosity distance measure-
ments need to be adjusted for the absence of time dilation in this
model. The angular diameter distance should be determined using
a different calibration for the linear size of distant objects. It is
crucial to investigate how the apparent size of an object may be
affected by evolution and its relationship to the angular diameter

distance. In this model, the Hubble parameter H(z) is not linked
to the history of cosmological expansion; instead, the Hubble con-
stant describes the energy loss of photons as they travel through
the graviton background. The small effects discussed in the arti-
cle have been partially observed but require further examination
for a more accurate interpretation. The relationship between the
attenuation factor b and photon energy could offer a new perspec-
tive on the Hubble tension, but resolving this requires addressing
the statistical challenge of multiple non-head-on collisions between
photons and gravitons. The possible formation of a background
of visible radiation in the model, presumably detected by the New
Horizons mission [13], requires additional study by future deep
space missions.
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