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Abstract

In the authors model of low-energy quantum gravity, the gravitational
interaction of bodies arises as the effect of screening in a sea of super-
strongly interacting gravitons. Newton’s constant can be calculated as a
statistical parameter of the repeated interaction of bodies with gravitons.
Small vacuum effects in the model, caused by a new type of interaction -
photon-graviton - may have major implications for cosmology. The ones
are reviewed here and compared with cosmological observations; this is
a self-review of author’s works in this approach. The constancy of the
ratio H(z)/(1 + z) in this model is consistent with observations of the
Hubble parameter H(z). Cosmological redshift is a local quantum effect
caused by head-on collisions of photons with gravitons, while the addi-
tional dimming of distant objects and diffuse cosmic optical background
supposedly detected by the New Horizons mission are due to non-head-
on collisions. For very soft radiation, the additional relaxation factor is
calculated. Since this factor must have different values for soft and hard
radiation, the distance modulus in this model must be a multi-valued func-
tion of the redshift. The Hubble tension is discussed in this context. The
considered quantum effects are beyond the scope of the standard cosmo-
logical model. These small effects can describe cosmological observations
in a very elegant and unified manner without dark energy and cosmolog-
ical expansion. Graviton-graviton interactions can lead to the formation
of virtual gravitons with very low mass, which may be candidates for the
role of dark matter particles.
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1 Introduction

The idea of the expansion of the universe became the basis of modern cosmology
and was deeply embedded in the consciousness of physicists. The current pre-
vailing ACDM ‘concordance’ paradigm [1] is based on the Friedman-Lemaitre-
Robertson-Walker (FLRW) metric [2].The need to introduce the epoch of infla-
tion [3], dark matter [4] and dark energy [5, 6, 7] into this model takes it beyond



the framework of the general theory of relativity itself. Recent observations of
massive z > 7 galaxies with the James Webb Space Telescope [8, 9], as well as
measurements of baryonic acoustic oscillations by the DESI collaboration [10],
which may indicate that the dark energy density changes over time, may lead
to further modification of the model.

In alternative cosmological models, known as ”tired-light” models, the cos-
mological redshift is treated as a local effect. Several mechanisms for photon
energy loss have been proposed [11, 12]. In [13], the Hamiltonian formulation
of general relativity was used to study the interaction of photons and gravitons
in the first approximation. It has been shown that only a photon with energy
> 10%® eV can decay into another photon and a graviton; this means that
this process cannot explain the redshift as a ”tired light” phenomenon. This
conclusion cannot be transferred to any model of photon-graviton interaction.
To avoid introducing an accelerated expansion of the universe, a hybrid model
is proposed in [14]: the redshift is considered as a result of expansion and a
local mechanism. The latter is based on the introduction of a non-zero photon
mass (less than the experimentally established limit), which can cause an energy
exchange with galactic or intergalactic background electromagnetic fields, the
existence of which is assumed.

The resonant transformation of gravitons into photons with a stochastic
magnetic field of primordial nature is considered in [15]. Such a process could
be used for indirect detection of gravitational waves by radio telescopes if the
resulting photons have a suitable spectrum. For a similar purpose - to use opti-
cal instruments for indirect detection of gravitational waves - the scattering of
photons on gravitons in the weak field limit is analyzed in [16]. Both massless
and massive gravity are considered. The authors have shown that with such
scattering, the polarization of light and helicity can change with a very low
probability, which in principle makes it possible to study the passage of gravita-
tional waves through a photon field, but only under the condition of using the
amplification of weak scattering amplitudes through suitable pre-selected and
post-selected scattering states.

After the first detection of gravitational waves [17], Lorentz violation dur-
ing the propagation of gravitational waves, which may be caused by space-time
foam effects, was discussed in [18]. Using additional observations with the Fermi
Gamma-Ray Burst Monitor of a transient source in apparent coincidence, a
constraint was obtained on the difference between the speeds of light and grav-
itational waves: ¢, — ¢ < 10~ '7¢.

In the model of low-energy quantum gravity by the author [19, 20, 21, 22,
23] the cosmological redshift has namely the quantum and local interpretation.
Together with additional dimming of distant objects, it results from scattering
of photons on super-strong interacting gravitons of the background. Gravity
is considered as the screening effect of bodies in this background having the
same temperature as CMB. The theoretical Hubble diagram of the model fits
observations very well without dark energy. The Hubble parameter H(z) is a
linear function of z that is consistent with observations. These small effects are
described here and confronted with cosmological observations.



2 Gravity as a screening effect

My model is based on the assumption that gravity is a purely quantum phe-
nomenon, while geometry is just a language for describing the average behavior
of large bodies interacting with a graviton background. The geometric language
in this model is limited very far from the Planck scales of energies and dis-
tances. The basic assumption of the model is the existence of a background of
superstrongly interacting gravitons [24]. The interaction cross section o(FE, €)
for head-on collisions of any particle with energy F and a graviton with energy
€ is defined as:

o(E,e)=D-E-e. (1)

The new dimensional constant D should have the value: D = 0.795-1027m?2 /eV2.
The screening of the superstrongly interacting graviton background creates for
any pair of bodies both an attractive force and a repulsive force due to the gravi-
ton pressure. For single gravitons, these forces are approximately balanced, but
each of them is much stronger than the Newtonian attractive force. In order
for the attraction to exceed the repulsion when the background of gravitons is
screened by bodies, paired gravitons are needed, which, upon collision, disin-
tegrate into a pair of single gravitons [20]. It turns out that such pairs can
be formed in the process of collisions of photons with gravitons [20, 25]. The
inverse-square law of classical gravity describes the fundamental quantum ef-
fect of this model. The background temperature T" determines the values of
Newton’s constant and Hubble’s constant, so that: G ~ T% and Hy ~ T°.The
ability to calculate Newton’s constant G makes the model in some sense under-
lying general relativity.

3 The photon-graviton interaction

The postulated existence of a graviton background distinguishes this model
from all models based on general relativity. Since the ever-present background
of gravitons interacting with photons must be in thermodynamic equilibrium
with the cosmic microwave background, and in detail, it follows that these two
backgrounds must have not only the same temperatures, but also the same en-
ergy spectra. This makes it possible to use the rich information contained in
Planck’s formula for thermal radiation, as well as the Poisson distribution for
a random number of gravitons in the plane wave realization. It is a somewhat
strange assumption of this model that single gravitons have spin 1, and only
paired gravitons have spin 2. Another difference from the cosmic microwave
background is that gravitons are endowed in the model with the ability to in-
teract superstrongly in collisions with any microparticles, including gravitons
themselves. At the initial stage of development described here, this model does
not yet contain such mathematical attributes as the operators of creation and
annihilation of particles, commutation relations etc. Using only Eq. 1, Planck
spectrum and conservation laws, expressions are obtained for Hubble’s constant,
which is not associated in this model with the expansion of the universe, and for
the magnitude of the additional attenuation of light from a distant source due
to the scattering of some photons in non-head-on collisions with background
gravitons.



We are dealing here with a homogeneous, non-expanding Universe in Eu-
clidean space.

3.1 Forehead collisions of photons with gravitons

Taking into account Eq. 1, if the average loss of photon energy € in one act
of interaction is relatively small compared to the photon energy E (below it is
shown that € = 8.98 - 074V at T = 2.7K), then the average loss of photon
energy along the path dr will be equal to:

dE = —aFEdr, (2)

where a is a constant. If the entire redshift is due to this effect, we must define
the constant as a = Hy/c, where Hy is Hubble’s constant, ¢ is the speed of light,
in order to have the Hubble law for small distances. The photon energy E must
depend on the distance from the source r as

E(r) = Eg exp(—ar), 3)
where Ejy is the initial value of the energy. We have for r(z):
r(z) =In(l+ 2)/a. (4)

The following example shows how different this model is from the ACDM model.
The unusually bright galaxy at z = 14.44 [26] would be at a distance of 28.74
light gigayears by this model, more than twice as far as the estimated period
since the Big Bang would allow. Equations 2 - 4 are the same as those appearing
in other tired light models (compare with [12]).

3.2 Non-forehead collisions with gravitons

The average energy loss of the photon flux along the path dr due to non-head-
on collisions with gravitons should be proportional to badr, where b is a new
constant of the order of 1. These losses are due to the deviation of some of the
photons from the source-observer direction.

Let us consider the case of a non-head-on collision of a graviton with a
photon, when the latter leaves a photon flux, detectable by a distant observer
(assumption of a narrow beam of rays) [20, 27]. Since both particles have speeds
¢, the cross-section of the interaction, which is ”visible” at an angle 6 (see Fig. 1),
will be equal to og| cos 8], if g is the cross-section due to head-on collisions. The
function | cos @] allows us to take into account both the forward and backward
hemispheres for incoming gravitons. In addition, the flow of gravitons incident
on the selected region (cross-section) depends on the angle 6. For the ratio of
flows we have:

@(9)/(1)0 = SS/O'O7

where ®(0) and P are the flows incident on oy at an angle # and perpendicular
to it, S is the area of the lateral surface of a truncated cone with a base oq (see
Fig. 1).
Finally, for the factor b we get [20, 27]:
de

/2
b:Q/O c0s0~(SS/UO)7T—/2. (5)
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Figure 1: In non-frontal collisions of gravitons with a photon, it is necessary to
calculate the lateral surface area of the cone, Ss.

For 0 < 6 < 7/4, the formed cone contains self-intersections, and we have:
Ss =200 - cosf. For /4 < 6 < m/2, we have S; = 4og -sin? 0 cos 6.
After calculating simple integrals we obtain:

4 71'/4 7'!'/2 3 2
b= f(/ 2 cos® 0df +/ sin®20d) = = + = ~ 2.137. (6)
™ Jo /4 2 e

Both the redshift and the additional relaxation of any photon flux due to
non-frontal collisions of gravitons with photons lead in the model to the following
luminosity distance Dy (z) :

Dr(z) =a ' In(1+2) - (14 2)0+0/2, (7)

3.3 Computation of the Hubble constant

We will assume that the total redshift is caused by interactions with single
gravitons [20, 25]. If o(E, €) is the cross section of head-on collisions of a photon
with energy E with a graviton with energy ¢, we actually assume (see Eq. 1)

that
%f(’;) = const(E),

where df) is the element of the spatial angle, and the function const(x) has a
constant value for any x. If f(w,T)dS/27 is the spectral density of the graviton
flux within dQ2 in some direction (w is the graviton frequency, ¢ = hw), i.e.
the intensity of the graviton flux is equal to the integral (d€2/27) [~ f(w, T)dw,
where T is the equivalent temperature of the graviton background, then for the
Hubble constant we can write:

H, : /OOO J(E,E)f(waT)dw-

o E



If f(w,T) is described by Planck’s formula for equilibrium radiation, then

/OO fw,T)dw = oT*?,
0

where o is the Stefan-Boltzmann constant. Using eq. 1, we then obtain:

1 15DkoT"

Hy=—D-¢-(oT% = Iy, (8)
2
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where € is the average energy of a graviton:
[z flw,T) 15
e:/o hw - o dwzFL;kT, (9)

where

[e'e] 4d
I, = / T 94.866.
o exp(z)—1

Since € = 8.98 - 10 eV at T = 2.7K, we obtain the following theoretical value
of the Hubble constant: Hy = 2.14- 1078 s71 =66.875 km - s~ 1 - Mpc™!.

The resulting formula for the Hubble constant remains valid for the case
when some of the background gravitons are paired [20]: a twofold increase in the
energy of paired gravitons is accompanied by a twofold decrease in the number
of such gravitons compared to the number of single gravitons participating in
the pairing, so the average energy of gravitons does not change.

4 The Hubble parameter H(z) of this model

The photon energy losses due to head-on collisions with background gravitons
alone yield a geometric distance/redshift relationship of Eq. 7. Then the Hubble
parameter H(z) in this model can be defined as [20]:

H(z)E%w:Ho-(l—i—z). (10)
It means that in the model: H(2)
z

= H,. 11

(1+2) 0 (11)

The last formula gives us the possibility to evaluate the Hubble constant using
observed values of the Hubble parameter H(z). The weighted average value of
the Hubble constant may be calculated by the formula:

H Zi
- e /o2
Y 1/o?
The weighted dispersion of the Hubble constant may be found with the same
weights:

< Hy >= (12)

S () < Hy >)2/0?

Y 1o}

o3 = (13)

The x?2 value is calculated as:

HE) o Hy >)?

X2 — Z ( 1+2z; 5 . (14)

(on
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Then we have [20] for the data set of observed values of the Hubble parameter
H(z) (40 points) of [31]: < Hy > F0o = (60.566 & 3.513) km - s~1 - Mpc~L.
The value of x? is now equal to 32.529. By 40 degrees of freedom of this data
set, it means that the hypothesis described by Eq. (11) cannot be rejected
with 79.33% C.L. The weighted average value of the Hubble constant with +o(
error bars are shown in Fig. 2 as horizontal lines; observed values of the ratio
H(z)/(1+ z) with +0;/(1 + z) error bars are shown in Fig. 2, too (points).
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Figure 2: The ratio H(%)/(1 + #;) £ 0¢; and the weighted value of the Hub-
ble constant < Hp > +o0¢ (horizontal lines). Observed values of the Hubble
parameter H(z;) (40 points) are taken from Table 1 of [31].

The Ry, = ct cosmological model (a Friedmann-Robertson-Walker cosmology
with zero active mass) has the same function H(z) as the considered one; Ry, is
the Hubble radius.

5 The volume/redshift relation

The geometrical distance/redshift relation of this model: r(z) = In(1+2z)-¢/Ho,
leads to the volume/redshift relation [32]:

V(z) =4/3-7(In(1 + 2) - ¢/Hp)® = A- (In(1 + 2))3, (15)

where A = 4/3 - mw(c/Hy)? = 13627 Gyr? by the theoretical value of Hy in the
model: Hy = 2.14-10718 57! = 66.875 km - s~! - Mpc~!. The derivative of this



function is equal to:
av. 34
dz 14z
Its graph is shown in Fig. 3. The derivative has a maximum near z = 6.4,
and further it decreases more than 2.5 times up to z = 100. An observer may
conclude that the universe becomes more and more empty by z > 6.4, if a
concentration of galaxies remains really constant.

(In(1+ 2))%. (16)
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Figure 3: The graph of derivative % for a big range of z [32].

6 The Hubble diagram of this model

Both forehead and non-forehead collisions with gravitons give the luminosity
distance/redshift relation of Eq. 7, where the parameter b belongs to the range
0-2137 (b= % + % ~ 2.137 for very soft radiation, and b — 0 for very hard
one). Because of this, the distance modulus should be a multivalued function of
the redshift [20]: for a given z, b may have different values for different kinds of
sources. To fit this model, observations should be corrected for no time dilation
as: p(z) — pu(z)+2.5-1g(1+ 2z), where lgz = log;, =, and the distance modulus:
wu(z) = 5lgDy(z)(Mpc) + 25.

The graphs of theoretical distance moduli p(b, z) for b = 2.137 and b = 0
(with the correction for the effect of time dilation of the standard model: b —
b — 1) are shown in Fig. 4 [33]; for comparison, the graph of p.(z) for the flat
Universe with the concordance cosmology by Q; = 0.3 and w = —1 is shown,
too. Possibly, positive low redshift values of the difference p.(z) — p(2.137, 2)
can be related to the Hubble tension in LCDM cosmology [28, 29, 30] if the
function p(2.137, z) describes the observations better. The maximum difference
between p.(z) and ©(2.137,2) for z < 10 is equal to —0.54, it increases up to
—0.87 for z < 20.



Data set b x> CL.,% < Hy> =0y

SCP Union 2.1 [37] 2.137 239.635 100 68.22 £ 6.10
JLA [34] 2.365 30.71 43.03 69.54 + 1.58
109 long GRBs [38] 2.137 70.39 99.81 66.71 4 8.45
44 long GRBs [39], 2.137  40.585 57.66 69.73 +37.23
the Amati calibration 1.885 39.92 60.57 60.31 +=31.93
44 long GRBs [39], 2.137  43.148 46.5 70.39 4+ 38.79
the Yonetoku calibration 1.11 32.58 87.62 38.84 +18.55
quasars [40] 2.137  23.378 13.73  69.53 = 10.87

Table 1: Results of fitting the Hubble diagram with the model of low-energy
quantum gravity[35]. The best fitting values of b for 44 long GRBs are marked
by the bold typeface.

Since Dy (z) in Eq. 7 is proportional to 1/Hy , the possible dependence b(z)
due to the change in the frequency of light on its way from the source to the
observer may be another cause of the Hubble tension. The function b(z) should
increase with increasing z, so the decrease of Dy, (z) by z — 0 in this model can
be interpreted in the standard model as an increase of Hy at small z.
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Figure 4: Three theoretical Hubble diagrams [33]: u(b, z) of this model with
b =2.137—1 (solid) and b = 0 — 1 (dash-dot) to take into account the effect
of time dilation of the standard model; and for comparison, p.(z) for the flat
Universe with the concordance cosmology by Qs = 0.3 and w = —1 (dash).

Using SN 1a observations from the SCP Union 2.1 compilation (580 super-
novae) [37], the theoretical Hubble diagram p(z) of this model with b = 2.137
was fitted to observations with Hy as a free parameter [35]. Results are shown



in Fig. 5; the value of Hubble’s constant from the fitting is:
< Hy > +o¢ = (68.223 £ 6.097)km/s - Mpc.

Given Hy =< Hy >, we get x? = 239.63 that gives C.L. of 100%. If we divide
this data set into two subsets: the first with z < 0.150 and the second with z >
0.150, we can see the manifestation of the Hubble tension in this model at con-
stant b = 2.137, although with great uncertainty. For the first subset we obtain
an estimate of the Hubble constant: < Hy > +o¢ = (69.411£5.402)km/s - M pc,
and for the second: < Hy > 0o = (65.710 + 5.391)km /s - Mpc.

I have used [22] 31 binned points of the JLA compilation from Tables F.1
and F.2 of [34] (diagonal elements of the correlation matrix in Table F.2 are
dispersions of distance moduli). Varying the value of b, we find the best fitting
value of this parameter: b = 2.365 with x? = 30.71. It means that the best
fitting has 43.03% C.L. This value of b is 1.107 times greater than the theoretical
one. For the Hubble constant we have in this case: < Hy > 09 = (69.54 &+
1.58) km - s~1 - Mpc~!.
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Figure 5: The theoretical Hubble diagram po(z) of this model (solid); Super-
novae la observational data (580 points of the SCP Union 2.1 compilation) are
taken from [37] and corrected for no time dilation.

In my paper [35] results of fitting the Hubble diagram for different data sets
of remote objects with the model of low-energy quantum gravity are summa-
rized in Table 1; its part is shown here as Table 1. For best fitting values of
b in a case of 44 long GRBs, values of distance moduli are overestimated in
both calibrations: on ~ 0.225 for the Amati calibration, and on ~ 1.18 for
the Yonetoku calibration. It leads to the corresponding underestimation of the
Hubble constant. The theoretical Hubble diagram of the model should be the
multivalued function of the redshift for soft and hard radiations; perhaps, this
feature may be seen for the 44 GRBs data set with the Yonetoku calibration
[23]. GRB observational data with the Yonetoku calibration (44 points) were
taken from Table 3 of [39] and corrected for no time dilation. Another set of
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distance moduli

GRB observational data, which for small z are calibrated using SNe 1a with the
Amati calibration, (109 points) was taken from Tables 1,2 of [38], corrected for
no time dilation and fitted in the same manner with b = 2.137 [20]. In this case
we have x? = 70.39 that corresponds to 99.81% CL of fitting (see Fig. 6).
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Figure 6: The theoretical Hubble diagram pg(z) of this model (solid); long
GRBs observational data with the Amati calibration (109 points) are taken
from Tables 1,2 of [38] and corrected for no time dilation.

In this model, the functions r(z) and Dy (z) are found at present for radia-
tion consisting of photons with energies fiw > €, where € is the average graviton
energy. But for hw < €, e.g. for the radio band, the situation is more com-
plicated [22]. In this case, only a small part of the background gravitons will
transfer their momentum to photons in head-on collisions, and this momentum
will often be of the same order as the photons’ own momentum. This should
lead to a large broadening of the emission spectrum towards the red, and its red-
shift as a whole will be much smaller than expected for high-energy radiation.
From another side [22], all gravitons with energies ¢ > hw are able to get the
photon momentum in such the collisions that should additionally attenuate the
radiation flux. This means that the known redshift z and the constant param-
eter b are not enough to describe the situation; this issue remains open. This
feature of the model may be important for measurements of the redshifted 21-
cm radiation, which are now of great interest [41, 42, 43], and fast radio bursts
(FRBs) to understand their origin and large dispersive delays [44, 45, 46].
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7 The light from nowhere effect

After non-forehead collisions, scattered photons should create the light from
nowhere effect which has not an analog in the standard cosmological model
[47]. The scattered photons will be redshifted proportionally to passed random
distances. Because of this randomness of angles of scattering and passed dis-
tances, it is difficult to compute the sky brightness in the optical range, for
example, due to this light from nowhere effect. It is necessary to know the ratio
§(2) of the scattered flux to the the remainder ®(z) = L/D? (b, z) reaching the
observer, and, at least, the light flux of galaxies and their number counts by
different redshifts. To evaluate how big is the ratio §(z), we can compute the
flux ®o(z) = L/D3%(0, z), where L is the luminosity, Dy, (b, 2) and D (0, z) are
luminosity distances by b # 0 and b = 0. ®g(z) corresponds to the absence of
non-forehead collisions. Then the ratio may be defined as:

8(2) = (o(2) — 2(2))/®(2). (17)

Using Eq. 10 we get:
§(2) =(1+2)° 1. (18)

We have by b = 2.137: §(0.4) = 1.05, §(1) = 3.34, §(2) = 9.46. But a problem
to compute the sky brightness remains open: one should take into account the
randomness of angles of scattering and passed distances of photons in some
probabilistic manner.

After non-forehead collisions, scattered photons should create the light-from-
nowhere effect which has not an analog in the standard cosmological model. The
ratio §(z) of the scattered flux to the remainder reaching the observer is equal
to:

§(z) = (14 2)" —1. (19)

By b = 2.137 we have, for example: §(0.4) = 1.05, i.e. this effect is big enough
to explain a tentative detection of a diffuse cosmic optical background [36].

8 The galaxy number counts-redshift relation

Total galaxy number counts dN(r) for a volume element dV = dQr2dr is equal
to: dN(r) = nydV = ny,dQr?dr, where n, is a galaxy number density (it is
constant in the no-evolution scenario), d) is a solid angle element. Using the
function r(z) of this model, we can re-write galaxy number counts as a function
of a redshift z [20, 21, 35, 438]:

_5ln?(1+2)

dN(z) = ngdQ(Hy/c) 11, dz. (20)
Let us introduce a function (see [49]):
_ (Hy/c)’dN(z)
f2(z) = ngdNz2dz
then we have for it in this model:
In?(1+ 2)
= =/ 21
f2(2) 22(1+ 2) (21)
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A graph of this function is shown in Fig. 7; the typical error bar and data
point are added here from paper [50] by Loh and Spillar. There is not a visible
contradiction with observations. There is not any free parameter in the model
to fit this curve; it is a very rigid case.
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Figure 7: Number counts f; as a function of the redshift in this model [21, 48].
The typical error bar and data point are taken from paper [50] by Loh and
Spillar.

It is impossible to count a total galaxy number for big redshifts so as very
faint galaxies are not observable. For objects with a fixed luminosity, it is easy
to find how their magnitude m changes with a redshift [21, 48]. So as dm/(z)
under a constant luminosity is equal to: dm(z) = 5d(lgDr(z)), we have for
Am(z1,22) = fzzf dm(z) :

Am(z1,z2) = 5lg(fi(22)/ f1(21))- (22)

This function is shown in Fig.8 for z; = 0.001;0.01;0.1.

I would like to note that a very fast initial growth of the luminosity distance
with a redshift z in this model might explain the observed excess of faint blue
galaxy number counts above an expected one in the standard model [48]. A
galaxy color depends on a redshift, and a galaxy dimming depends on the lu-
minosity distance, because by big values of the ratio Am(z1,22)/(22 — z1) in a
region of small redshifts and by a further much slower change of it (see Fig.9)
an observer will see many faint but blue enough galaxies in this region (in the
no-evolution scenario) [20].
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Figure 8: Magnitude changes Am as a function of the redshift difference zo — 2z;
in this model for z; = 0.001 (solid); 0.01 (dot); 0.1 (dash) [21, 48].

9 Virtual massive gravitons as dark matter par-
ticles

Unlike models of expanding universe, in this model a problem of utilization of
energy, lost by radiation of remote objects, exists [20, 21, 35, 47]. A virtual
graviton forms under collision of a photon with a graviton of the graviton back-
ground. It should be massive if an initial graviton transfers its total momentum
to a photon; it follows from the energy conservation law that its energy € must
be equal to 2¢ if € is an initial graviton energy. By force of the uncertainty
relation, one has for a virtual graviton lifetime 7 : 7 < Eﬁ,, ie. for € ~ 107 3eV
it is 7 < 107'2s. By force of conservation laws for energy, momentum and an-
gular momentum, the virtual graviton may decay into no less than three real
gravitons [22]. In a case of decay into three gravitons, their energies should be
equal to e, ¢ ¢, with € +€" = €. So, after this decay, two new gravitons with
€',¢” < e inflow into the graviton background. It is a source of refilling the
graviton background. Collisions of gravitons with massive bodies, leading to
their deceleration, should provide the bulk of this replenishment.

From another side [22], a self-interaction of gravitons of the background
should also lead to the formation of virtual massive gravitons with energies less
than €,,;, where €,,, is a minimal energy of gravitons of an interacting pair. If
gravitons with energies 6//, ¢’ experience a series of collisions with gravitons of
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Figure 9: To a possible explanation of the excess of faint blue galaxy number
counts [48]: Am(z1,22)/(22 —21) vs. the redshift difference z3 — 21 in this model
for z; = 0.001 (solid); 0.01 (dot); 0.1 (dash).

the background, their lifetime should increase. In every such a cycle collision-
decay, an average energy of “"redundant” gravitons will double decrease, and its
lifetime will double or more increase. Only for ~ 93 cycles, a lifetime will have
increased from 10725 to as minimum 1 Gyr. Such virtual massive gravitons,
with the lifetime increasing from one collision to another, would be ideal dark
matter particles. The ones will not interact with matter in any manner except
usual gravitation. The ultracold gas of such gravitons will condense under the
influence of gravitational attraction. In addition, even in the absence of the
initial inhomogeneity in such the gas, it will easily arise. It is a way of cooling
the graviton background.

The model of the composite fundamental fermions by the author [51] has
all symmetries of the standard model of elementary particles on global level.
Possibly virtual gravitons with very low masses are quite acceptable for the role
of components of such the fermions.

10 How to verify the quantum redshift mecha-
nism

The main conjecture of this approach about the quantum nature of redshifts
may be verified in a ground-based laser experiment. To do it, one should com-
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pare spectra of laser radiation before and after passing some distance [ in a
high-vacuum tube [20, 21, 35]. The temperature T of the graviton background
coincides in the model with the one of CMB. Assuming T' = 2.7K, we have for
the average graviton energy: € = 8.98-10* eV. Because of the quantum nature
of redshift, the satellite of main laser line of frequency v would appear after
passing the tube with a redshift of 1072 eV /h, and its position should be fixed.
It will be caused by the fact that on a very small way in the tube only a small
part of photons may collide with gravitons of the background. The rest of them
will have unchanged energies. The center-of-mass of laser radiation spectrum
should be shifted proportionally to a photon path. Due to the quantum nature
of shifting process, the ratio of satellite’s intensity to main line’s intensity should
have the order: ~ %%l . Given a very low signal photon number frequency,
one could use a single photon counter to measure the intensity of the satellite
line after a narrow-band filter with filter’s transmittance k. If ¢ is a quantum
output of a photomultiplier cathode, f, is a frequency of its noise pulses, and
n is a desired signal-to-noise ratio, then an evaluated time duration t of data
acquisition would be equal to:
= \2
,_ Gen?p, -
(HogkPl)?

where P is a laser power. Assuming for example: n = 10, f, = 10> s™!, ¢ = 0.3,
k=0.1, P =200 W, [ = 300 km, we have the estimate: ¢t ~ 3-10% s. Such the
value of [ may be achieved if one forces a laser beam to whipsaw many times
between mirrors in the vacuum tube with the length of a few kilometers.

The advanced LIGO detectors [52, 53] have many technological achieve-
ments needed to do the described experiment: stable powerful lasers and input
optics, high-vacuum tubes with optical resonator that multiplies the physical
length by the number of round-trips of the light, mirror suspension systems with
actuators. Some parameters of LIGO systems are of the same order as in the
considered example. If one constructs a future LIGO detector with some addi-
tional equipment, the verification of the redshift mechanism may be performed
in parallel with the main task or during a calibration stage of the detector.

11 Conclusion

The considered quantum effects are beyond the scope of the standard cosmolog-
ical model. These small effects can describe cosmological observations in a very
elegant and unified manner without dark energy and cosmological expansion
[20, 54]. It is perhaps a paradoxical coincidence that the desire of cosmologists
to find new physics, and the long-standing expectation of high-energy physicists
and gravitational scientists to discover some quantum gravity effect will be sat-
isfied by recognizing the century-old redshift as a local quantum effect. If the
discovery of a diffuse cosmic optical background by the New Horizons mission
[36] is confirm by future missions, it will be a big puzzle for the standard cosmo-
logical model. The described possibility of interpreting dark matter as a gas of
virtual massive gravitons, which cannot be detected, but can be the foremother
for all visible matter, seems attractive.

The presented analysis of the interaction of photons with the graviton back-
ground is currently incomplete, since it does not contain an important fragment
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- an analysis of the deflection of photons when they pass near massive bod-
ies. When calculating the factor b in the article, the probability of a photon
deviation from its original direction of propagation in an isotropic background
of gravitons was calculated. However, near a massive body, it will be neces-
sary to take into account the background anisotropy caused by the scattering
of gravitons by the body. Another unsolved problem is the calculation of the
attenuation factor b for an arbitrary photon energy; so far it has been found
only for very soft and very hard radiation. The solution to this problem would
allow, in particular, to describe the dependence of the factor b on the redshift
z. This would allow the model to describe in detail the effect of decreasing b(z)
at lower redshifts, which in the ACDM model is known as the Hubble tension
(or crisis).

Data Availability Statement

The data used in this study are publicly available and taken from the cited
articles.
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