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Abstract

Based on the idea of hypothetical 4-dimensial substance with an inverse pop-
ulation of energy levels, a model of accelerated expansion of the Universe has
been developed, which describes Hubble diagrams with great accuracy for
type Ia supernovae, quasars and gamma-ray burst sources at the Hubble pa-
rameter value of 67.7 km/s/Mpc, coinciding with the value obtained from
analysis of inhomogeneities of relic radiation. Calculations at the Hubble pa-
rameter value of 73.5 km/s/Mpc, obtained using the ACDM model based on
the analysis of data on type Ia supernovae and cepheids, differ markedly from
the observed data. An explanation of the two values of the Hubble constant is
proposed. It is shown that in this model, the magnitude of 13.8 billion years
characterizes not the age of the Universe, but the time of propagation of light
from those galaxes whose acceleration of removal has a minimal value. Based
on the recently discovered curvature of the Universe, estimates are given of
the lower limits of its size and lifetime, which turned out to be at least 270
billon years. The probability of transition from the excited state to the under-
lying energy levels of a hypothetical 4-dimensial substance, as well as the low
of increasing energy density as a result of transitions to the underlying levels
of this substance, is determined.

Keywords

4-Dimentional Space, Hypothetical 4-Dimensional Substance, 4-Dimensional
Spherical Layer, Redshift, Type Ia Supernovae, Quasars, Gamma-Ray Bursts

1. Introduction

As is known [1] [2], when studying the spectra of distant type Ia supernovae, it
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turned out that the distance to these supernovae, determined by their brightness,
is noticeably greater than it was from the redshift estimates. This allowed the
authors of these papers to draw conclusions about the accelerated expansion of
the Universe and to prove the existence of dark energy associated with antigrav-
ity. This exotic property of dark energy still remains, however, misunderstood,
despite the many cosmological models currently existing [3]-[12].

In this article, we propose a model of accelerated expansion of the Universe,
which is based on the idea of a hypothetical 4-dimensional substance with a re-
verse population of energy levels. As in [5] [8] [9] [12] in the model under con-
sideration, our Universe is enclosed in a 4-dimensional spherical layer formed in
front of an expanding 3-dimensional sphere, inside which there is a source of
expansion. “Dark energy”, or rather, its source, turns out to be carried outside
the Universe. This allows you to abandon the “dark energy” and the association
with antigravity. However, unlike [10] [12], the source of expansion has a dif-
ferent nature and geometry. It is assumed that the source is caused by stimulated
transitions from upper to lower energy levels, and the 4-dimensional spherical
layer is hard. This slows down the increase in the radius of the three-dimensional
sphere and has a significant impact on the dynamics of expansion, which leads
to agreement with the observed data. All relations are obtained without refer-
ence to the standard model of the Universe (ACDM model).

It should be noted that, despite the fact that this model in some respects coin-
cides with the Urusovsky model [5], and to a greater extent with the cosmology
of Shulman [8], Gogberashvili [9], Potemine [12], differs from them both quali-
tatively and quantitatively. The main difference is that the dependence of the red-
shift on the distance to galaxies is obtained without reference to the general theory
of relativity, but solely on the basis of the idea of a hypothetical 4-dimensional

substance with an inverse population of energy levels.

2. Description of the Model

2.1. Initial Views

The proposed model is based on two postulates. Consider an unlimited
4-dimensional flat Euclidean space with coordinate axes x, y; z s, filled with
some hypothetical substance, relative to which it is assumed that it has some
energy levels with inverse population. And although this assumes that the hypo-
thetical substance consists of particles, but these particles, unlike [11], are lo-
cated inside a 3-dimensional sphere, that is, outside our Universe and their gra-
vitational properties do not matter in this model.

Let it be that in some area of space, due to fluctuations in its characteristics,
the release of energy during stimulated transitions from the upper level to the
lower one prevails in this area compared to the space surrounding this area. Let’s
allocate a 4-dimensional volume V, in this space, covering the area under con-
sideration, and denote the energy contained in it by the letter E.

The first postulate is that the rate of increase of the energy released in this vo-
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lume is proportional to the energy itself, as in stimulated transitions from the

overlying energy levels to the underlying ones, and is described by the equation
d=/dt ==, 1)

where (9 is the probability of transition proportional to the inverse population
of the lower and upper energy levels of the substance, generally time-dependent.
Since the area where more energy is released will increase, the volume covering
this area will also increase. In the approximation of a homogeneous energy den-
sity ps in a 4-dimensional volume V,, we reduce equation (1) to the form d V,/d¢
= h(?) V,, where A(f) = x(f) — dlnp./dt. Since 4-space in this model is assumed to
be unlimited, it is quite acceptable to consider the considered 4-dimensional vo-
lume as a 4-dimensional ball. Expressing the volume of a 4-dimensional ball in
terms of its radius V, = n*R*/2 [13], we obtain

dR/dr = (1/4)h(1)R . )

If A(?Y) > 0, then the radius of the 4-dimensional ball increases.

The second postulate is that in front of the surface of the expanding ball,
which is a 3-dimensional sphere, due to the compression of the medium and the
phase transition, a hard 4-dimensional spherical layer appears at some point in
time, possibly similar to how it is described in [14] and [8] (mechanism the oc-
currence of the layer does not matter for the results of this work).

The ability to hold waves can be described by some potential. The simplest
model of the potential that holds the waves in a 4-dimensional spherical layer is
an infinitely deep potential well, the width coinciding with the thickness of the
layer. In such a potential model, at any point of a 4-dimensional spherical layer
and in any direction, waves propagate with the same velocity equal to the speed
of light ¢ and independent of their wavelength. This allows us to determine the
time included in the expressions written above through the distance /traversed
by these waves: ¢ = J/c. The radius of a 4-dimensional spherical volume varies in

the general case according to the law
R(1) = Ryexp| (14)[[ A(r)ar ], 3)

where £ is the moment of formation of a 4-dimensional spherical layer, R, =
R(t)). The processes occurring up to the moment £ are not considered in this ar-
ticle. Figure 1(a) shows the cross sections of this 4-dimensional spherical layer
with the plane of the Figure at the moment of occurrence £ and at the next two
time points ¢ and ¢

The gigantic wave propagation velocity in a 4-dimensional spherical layer in
comparison with the velocity of propagation of perturbation waves in the solids
known to us suggests that it can be considered as a substance of enormous
hardness and elasticity. Waves of disturbances propagate in this hard layer over
vast cosmic distances with virtually no loss and attenuation. The thickness of the
spherical layer in this model does not exceed half of the Compton wavelength of
the electron. Therefore, the space inside a 4-dimensional spherical layer in the

cosmic scales available to us can be considered as a 3-dimensional flat space. At
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Figure 1. Cross-section by the plane of the drawing of a 4-dimensional ball with a hard spherical layer adjacent to it and the tra-

log(Time)

(®)

jectory described by light as the radius of the ball increases. The cross-sections of the spherical layer at times %, £, ¢ are

represented by concentric circles. The thickness of the 4-dimensional spherical layer is depicted on a greatly enlarged scale (a).

The dependence of log(p;) on log# (the image is borrowed from [20]) is radiation (1), matter (2), neutrinos (3), cosmic strings (4),

domain walls (5), cosmological constant (6) (b).

the same time, the 4-dimensional spherical layer itself in the same scales can be
considered as an unlimited plane-parallel layer formed by the mentioned hard
substance, in which waves propagate, forming modes that correspond to one or
another elementary particle depending on the longitudinal index [15] [16]. A
hard spherical layer for these particles and the macro-objects formed by them
acts as a vacuum, which does not resist their movement. We emphasize that
even such a crude model of the holding potential, as shown in [17] [18] [19], is
able to accurately describe both the kinematics and dynamics of relativistic ef-
fects.

Thus, in the model under consideration, the Universe we see is enclosed in a
thin 4-dimensional spherical layer formed at time # with radius R, the inner
boundary of which is currently adjacent to the hypersurface of the 3-dimensional
sphere of radius R. All the dependencies obtained in this article relate to the
moments of time ¢ ¢,

Note that the space-time relations between the modes of a 4-dimensional
spherical layer are relativistic due to the resonant condition, the fulfillment of
which is necessary for each mode [16] [17] [18] [19]. The space itself, both out-
side and inside the layer, is Euclidean. Relativism refers only to the modes of the

layer, which, as mentioned above, form our reality.

2.2. Basic Ratios

It is obvious that the density of the total energy of various modes, Ze., different

types of matter in a 4-dimensional spherical layer will decrease as the ball ex-
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pands and the volume of the layer increases due to its stretching. We concretize
the law of this decrease, assuming that the density p; of the total energy of vari-
ous types of matter in a 4-dimensional spherical layer decreases inversely pro-
portional to the density of the energy released inside the ball, ie., p; = const/p:.
Differentiating in time, we get dlnp./dInt + dlnp/dln¢ = 0. But dlnpy/dInt =
—p, where > 0 is a constant value [20], Figure 1(b). Then dlnp./dlnt = fand
h(H=n0)-plt

During the time scales of the Universe studied in this paper, we consider (%)
= k= const. To calculate Hubble diagrams, it is necessary to determine the rate
of relative removal of galaxies, ie., the rate of removal of the observed galaxy
from the galaxy from which the observation is being conducted. To do this, it is
necessary to require that the change in radius from the moment of light emission
t. > t, occurs in such a way that this change depends only on the difference - ¢
and does not depend on the position of £ with respect to £. This requirement
can be satisfied by replacing the upper limit of integration A(?) in formula (4)
with ¢- (£ - t,). By entering the notation x = (¢ — %)/, we get

R(x)=M(1,)R, exp{’(—%{x—ﬁln(l+x)}} ,
4 Kt,

where, when replacing £ with £, we get the inner radius of a 4-dimensional
spherical layer, which can be referred to as the inner radius of the Universe. At
Pl (kty) < 1, the scale factor of the Universe M ~ R increases at each moment of
time, and the 4-dimensional spherical layer stretches. In the radiation moment,
the radius of the Universe is R(%) = Rexp{(«/4)[t. — &, — (f/©)In(L/t)]} and
M(t) = R(L)/ R,

Since the metric of a 4-dimensional spherical layer changes due to stretching,

after normalization by M( %) we get the expression

R (x)=RUE) _p exp{%to[x—ﬁln(l+x)}}, ()

M(t,) Kt,

which can also be written as R(x) = R,M(x), where M(x) = exp{(xt/4)[x -
(B/xt)In(1 + x)]} - scale factor from the moment of radiation. The rate of galaxy
removal V, = 2nt Vi, where Vi = dR,/dt, will be described by the formula

_n _A | P
Vg(x)—ZKRO{l pry 1+x}exp{ 1 {x ) ln(1+x)}}. (5)

From (5) it can be seen that V, depends only on the difference between the
present moment of time and the moment of light emission and does not depend
on the position of the moment of radiation or reception with respect to the mo-
ment £,

Figure 1(a) also shows the trajectory of light as it propagates in a moving
4-dimensional spherical layer. Let's find the distance that the light travels from
the emitter to the receiver, depending on the difference ¢ - £. To do this, we take

into account that at the moment of radiation, the speed of light, taking into ac-
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count the spatial scale that has already changed by this moment, is equal to the
value ¢ obtained in terrestrial laboratories. Since the 4-dimensional spherical
layer is stretching, the speed of light along the spherical layer at the time £ < ¢'<
t from the point of view of an observer outside layer, will increase as ¢,(¢'— )
=cM(t'— t). The change in the speed of light along the trajectory will be de-

scribed by the expression

¥) = \[edr, (x')/ax T +[er, ()R, ] - ©)
where x'= (t'— t,)/t, Since the cosine of the angle between the tangents to the
trajectory and to the layer cosa(x) = cM(x)/¢,(x), then multiplying ¢.(x) by
cosa(x) and dividing by the scale factor M(x) we obtain that the speed of light
from the point of view of an observer inside the layer is numerically the same as
at the moment of radiation, Ze, it is a universal constant. Since dD = ¢, (x)d¢,
the time scale does not change. Note that the angle by which the radius of the
photon vector rotates during ¢ —

= ijt;chosa(t')/Rg (t'—1.)+o(t.),

where ¢(£) is the value of the angle at the moment of photon emission. As a re-
sult, we get ¢(H) — ¢(t) = £(dR)(t - ), Le., regardless of where the source is
located and at what time it emits, the radius vector of the photon R rotates by
the same angle in the same time.

Substituting in (6) R,(x) and dR,(x)/dx; and integrating by dx; we obtain the

distance that light travels from the source to the receiver during ¢'- ¢,

e N [ e

Note that for £ = £, (4) and (5), describe the time behavior of the radius and

velocity of expansion of a 4-dimensional spherical layer, and (7) is the distance

that light has traveled from the moment of formation of the Universe. At this
point, the increase in the 4-dimensional volume stops for a moment due to the
formation of a hard 4-dimensional spherical layer. Consequently, the rate of ex-
pansion of the layer (%) = 0. This initial condition is equivalent to the condi-
tion B = «t,. Then formulas (4), (5) and (7) take the form

t()
R,(x)=R, exp{%[x—ln(l+x)]}, (8)
Vg(x):gKRoﬁexp{ ;0 [x—ln(l+x)]}, 9)

D(x)= ctojgexp{%to[x’—ln(l+x’)}} 1+£KR j dx’. (10)

4c¢ 1+x'

3. Hubble Diagrams

For x> 0, the distance D is proportional to x: D = cf,x, from where we find that
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x = Dl(ct,). Substituting this expression into formula (9) for V,(x), which for
small x has the form V,(x) = (n/2)xR,x, we obtain Hubble’s law V(D) = H,D,
where H, = (n/2)kR,/(ct,) is the Hubble constant. By expressing x through the
Hubble constant x = (2/m) Hyct,/ R, respectively, we obtain

R,(x)=R, exp{—[;(;zo %[x—ln (1 +x)}} , (8a)
Ht, ct
v, (x) :cHotoﬁexp{zL;RT?[x—ln(l+x)}} , (9a)

Ht, ct,

D(x)= ctojo"exp{? R [x'—ln(l+x')]} 1+(

Note that it follows from the results obtained above that it is impossible to

Hyt, x'
21 1+x'

j dx". (10a)

calculate the red shift through an increase in wavelength due to the stretching of
space. Indeed, due to the fact that the 4-dimensional spherical layer is stretching,
the wavelength A, of the emitting source, during propagation from the source to
the receiver, increases as A = A, R,(x)/ R, and, if we define the redshift as z= 1/,
- 1, we get that z= R(x)/R, — 1. This dependence contradicts the data of red-
shift observations. For example, at a small distance at which R(x)/R, is a qua-
dratic function of the distance R/R, = 1 + H,[’/(4ncR,), a redshift dependence z
on D of the form z = H,[’/(4ncR,) is obtained, in contrast to the observational
data, which show that it is linear in D and has type z= H,D/c (see also below).

It is also impossible to calculate the redshift using the formula of the relativis-
tic Doppler effect. As shown in [21], it occurs only between the modes of a
4-dimensional spherical layer due to the motion of the modes excited in it rela-
tive to each other, in other words, due to the difference in the slopes of the wave
vectors of the waves forming these modes with respect to each other. The stret-
ching of a 4-dimensional spherical layer cannot lead to the appearance of an an-
gle of inclination with respect to the normal of the layer. Otherwise, an increase
in the radius of a 4-dimensional spherical layer would lead to spontaneous acce-
leration of bodies at rest with respect to the normal to the layer in the Universe.

Since the space of the 4-dimensional spherical layer under consideration is
Euclidean, in this model it is natural to assume that the frequency of the received
light is determined in the same way as for sound in the case when the receiver is
not moving and the source is moving away at a speed of V' [22], ie as W) =
U L)/(1 + Vic). Here c, is the speed of sound. Then in our case, the redshift z=
[A£) — U]/ W¢) will be described by the formula

z(x)= (%) =Hoto—exp{Mﬂ[x—ln(l+x)]}. (11)
0

c 1+x 2n R

The set of formulas (10a) and (11) sets the dependence IXZz) in parametric
form. Thus, in the model under consideration, to describe the expansion of the
Universe, it is necessary to know three parameters: H,, # and R,

Let’s find H, first. As it was shown above at small distances to galaxies V,(x) =
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42

40

38

m — M (mag)

36

34

V(D) = H,D. This is equivalent to the fact that z= H,D/c. We express I)(2) in
terms of the distance module y using the well-known ratio D = 10“°7° [23],
where D is calculated in Mpc: u(x) = 5lgD(x) + 25. Then, at small distances to
galaxies u = 25 [1 + 1g(cz/ Hy)]. The dependence of y on lgzis linear. Let's com-
pare it at different values of H, with the dependencies given in [1] (the results of
calculation and fitting to them were used). In Figure 2(a) shows data from this
work and linear dependencies at H, = 40; 67.7 and 100 km/s/Mpc. It can be seen
that there is a strong dependence on H,, and the best match occurs at H, = 67.7
km/s/Mpc, which practically coincides with the value of the Hubble constant A
= 67.74 km/s/Mpc (2.19 x 107" ¢'), determined by the parameters of the relic
radiation [24] (latest data 67.9 + 1.5 [25] and 67.6 +1.1 [26]). The same result is
obtained from the results of comparing calculations at small z for this model
with the data presented by Perlmutter in [2]. In further calculations, the value of
the Hubble constant H, = 67.7 km/s/Mpc will be used.

Thus, to describe the expansion of the Universe, it is necessary to define two
more parameters. As mentioned above, these are £, and R,. However, it is more
convenient to use the product 7 = ct,, expressed in Mpc, and the ratio 7y/R,. In
this paper, these parameters were determined by comparing the dependences
calculated by the formulas (10a, 11) of the distance modulus as a function of the
redshift with varying 7; and 7;/R, with observations of supernovae Ia. As a re-
sult of this comparison, it was found that for these radiation sources 7; = 8500
Mpc, and T/ R, = 3.8. The results of calculations for the specified values of the
parameters 7, and 7;/R, and the data of observations of type Ia supernovae pre-
sented by Perlmutter in [2] are shown in Figure 2(b). Since in [2] the depen-
dences of the absolute distance modulus (absolute brightness) m on zare given,
then in the calculations, ¢ was expressed in terms of m: = m — M°, where M’ =
—19.25 [27]. Then m = 5lgIXx) + 5.75. At H, = 67.7 km/s/Mpc, we obtain a

(Qumo, )

r 267 e (0.0, 1.0)

r i (b) .71(03,0.7)

_ sl % (0.5,05)

F “r Supernova 7 (1.0.0.0)

[ - Cosmology 1(5.-03)
r 22' Project e 1
L _ E %@: g 4
[ o ]
i £ N Calan/Tololo 'Af ]
L , g | (Hamuy et al, 3’!#_@ i

[ — Qu=0.24, QA=0.7 8L AJL196) o
i i 2 ]
P o G - On=0.20, 0»=0.00 1 i e ]
i 1 161 -
- == Om=1.00, QA=0.00 - r éﬁf(} 1
Es 1 - ]
/{ -+ +—+ ] 14 : — . ey
0.01 0.10 1.0 0.02 005 0.1 0.2 0.5 1.0

Redshift, z

Redshift, z

Figure 2. Comparison of calculation results by linear formulas at A, = 40 (1); 67.7 (2) and 100 km/s/Mpc (3) with the observed
data [1]. The deviation of the observed data from the linear dependence is clearly visible (a). The results of calculations using the
obtained formulas (10a, 11) (bold dashed line) of the distance modulus as a function of the redshift at A, = 67.7 km/s/Mpc and the
specified values of the parameters 7; and 7/ R, and observations of type Ia supernovae presented by Perlmutter in [2] (b).
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dependence m on Igz that coincides with the dependence approximating the da-
ta of observations of type Ia supernovae at Q_, = 0.3 and Q, = 0.7 calculated on
the basis of the ACDM model.

The value H,, which appears in the formulas obtained, is the Hubble parame-
ter at a small z ie, at a small distance from the light source and a small time for
which light passes from the moment of radiation to the receiver. Now let’s find
out how the Hubble parameter changes with the distance to the source. It fol-
lows from (9a) that the local D value of the Hubble parameter H# = dV,/dD =
(dV,/dx)/(dD/dx). Differentiating (9a) and (10a) by x, we obtain

2
H(x)=H, (1+}2[°T°T°x2j (1+x)’ 1+(H°T0 xj

nc R, 2nc 1+x

Together with the expression for X(x), we have a dependence A on D, from
which it follows that with increasing D, the Hubble parameter first decreases,
and then, after passing the minimum at D = 8.24 Gpc, it begins to increase.
When D->co (x>0)

lim H (x i ° =75.08 km/s/Mpc.
x> 2ncR 27:0

This limit value falls within the range of values A = 73.48 + 1.66, ie, 71.82 <
H< 75.14 km/s/Mpc, obtained by the Riess team [28]. It also practically does not
differ from the value A= 75.1 + 2.3 (stat) * 1.5 (sys) km/s/Mpc obtained in [29].

For a more detailed analysis of the obtained result, let us consider the behavior
of the curve calculated from the model under consideration, describing the Hubble

diagram in a wider range of redshifts than has been done so far, Figure 3.

55

4

35

3 2 -1 0 1 2
lgz

Figure 3. A feature of the behavior of the distance module depending on the redshift.
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It can be seen that in the range of values of z~ 1 there is a feature in the beha-
vior of the distance module (curve 1), which sheds light on the appearance of
different values of the Hubble constant. For small values of z ~ 0.01, the depen-
dence is steeper, dg/dlgz= 5.0 (line 2). Then, for values of z> 3 there is a bend in
the region z~ 1, and a transition to the less steep part of the curve dy/dlgz= 4.61
(line 3).

Let’s find out which values of the Hubble constant correspond to these slopes
of the tangents to the curve. To do this, we express the derivative dy/dlgz in
terms of H, and the local value H = dV,/dD: dp/dlgz = d(5lgD + 25)/dlgz =
5(czI D)/(d V,/d D). But, as shown above, cz/D = H,. As a result, we get that /=
5H,/(du/dlgz). At Hy = 67.7 km/s/Mpc, H = 5Hy/4.61 = 73.4 km/s/Mpc, ie., the
value given by Riess [28].

It should be noted that the use of the value of the Hubble constant obtained by
Riess et al leads in this model to a mismatch with the observational data. To ve-
rify this, let us turn to the observational data [2]. At H = 67.7 km/s/Mpc, T, =
8500 Mpc, 7/ R, = 3.8, the dependence of m on z coincided with the dependence
obtained in ACDM at Q_, = 0.3 and Q, = 0.7 based on observations of type Ia
supernovae, Figure 2(b). At H; = 73.48 km/s/Mpc, the dependence of m on zis
lower by approximately 0.2 - 0.3 mag. A similar picture is obtained when using
the data presented by Riess et al [1].

To confirm the obtained values of H,, 7, and 7;/R,, comparisons were made
with the combined observations of type Ia supernovae, which extend up to z =
1.4 [30], as well as with observations of quasars [31] and gamma-ray bursts at z
values extending up to 6.6 [32] [33]. The results of calculations based on the ob-
tained distance modulus formulas depending on the redshift and the data of
combined observations of type Ia supernovae, quasars and gamma-ray bursts at
the specified values of the parameters 7 and 7;/R, are presented in Figure 4 be-
low.

It can be seen that the Hubble diagrams calculated using this model coincide
with the observed diagrams, while the diagrams calculated using the ACDM
model differ observed diagrams, while the diagrams calculated using the ACDM
model differ significantly from them at large z which is also confirmed by the

results of studies conducted in [34].

4. Discussion of the Results

Based on the results obtained, we conclude that the moment of formation of a
hard spherical layer on the time scale of the Universe we observe is # = Ty/c =
27.7 billion years (8.74 x 10" s), Hyf, = 1.92, and the initial inner radius of a
4-dimensional spherical layer, e, the inner radius of the Universe, R, = 7;/3.8 =
2.24 Gpc. The probability of transition from the excited state to the underlying
energy levels of a 4-dimensional hypothetical substance is x = 5.31 x 107" 57,
and S = «t, = 4.64. Having determined p and using the equation dlnp./dInt= S,

we come to the conclusion that the energy density as a result of transitions to the
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Figure 4. Hubble diagram based on observations of type Ia supernovae (Figure taken from article [30]). The solid line represents
the best fit within the framework of the standard ACDM model of a flat Universe (a). Hubble diagram constructed from quasar
observations. A solid line is the best approximation, a dashed line with small strokes is the result of fitting at z < 1.4 according to
the standard ACDM model of a flat Universe with Q,; = 0.31 + 0.05 and extrapolated to higher redshifts (the Figure is taken from
the article [31]) (b). The Hubble diagram constructed from observations of gamma-ray bursts. The dotted line is constructed by
calculation within the framework of the standard ACDM model of a flat Universe with Q_, = 0.27 and w;, = —1. The solid line is
the best approximation at Q_, = 0.27 and w= w, + wz where w, = —1.4, w'= dw/dz = 1.3, (the Figure is taken from [32] and
Schaefer's presentation [33]) (c). In all Figures, a bold dashed line is a calculation based on the formulas of the proposed model.

underlying levels inside the 4-dimensional ball increases in time according to the
law p-(9) = Pa(to)(t/to)&ﬂ-

Let us now find out how the acceleration of receding galaxies behaves de-
pending on the time of propagation of light from the galaxies. The rate of re-
moval of galaxies, as it was found out above, is given by the formula (9). Using
this formula, we obtain a formula for accelerating the receding galaxies

dv,
o (=T o (| LT TG T )
. (1+x) 2me R, 2mc R,

Figure 5 shows the dependence of the acceleration of receding galaxies on ¢ -
t. = xt,. It can be seen from the Figure that during the transition from nearby
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Figure 5. Acceleration of receding galaxies (1) and the distance to them (2) depending on
the time elapsed from the moment of light emission by the galaxy to the present moment.

galaxies to more distant ones, the rate of removal first slows down (curve 1),
then, in the region of #= 6 - 7 billion years, the deceleration decreases. At a value
of ¢ - ¢, = 14 billion years (D, = 4.5 Gpc (curve 2)), the acceleration drops to a
minimum value, and starting from the moment of time =14 billion years away
from the present moment, the acceleration begins to increase monotonically.

This means that in the considered model of the Universe, 14 billion years
characterize not the age of the Universe, but the moment in time when the acce-
leration of receding galaxies has a minimum value.

The lower bound of the age of the Universe from the moment of formation of
the 4-dimensional spherical layer according to this model can be estimated from
the data on the red shift of distant galaxies. If their zis known, then considering
the moment of galaxy formation equal to £, we can find x(z) and estimate the
lower bound of the age of the galaxy 7, = ¢ - ¢ using the ratio 7, = x(2)¢,. These
distant galaxies are the galaxy GN-z11 [35], for which the value z = 10.957 has
recently been determined with an error of 0.001 [36], and the protogalaxy
UDFj-39546284 with z = 11.9 [37], which is considered very young, because in-
tense star formation occurs in it. The indicated z values, as can be seen from
Figure 6(a), correspond to the age of galaxies at least 86-90 billion years (curve
1) and to the distance to these galaxies is D, =~ 80 Gpc (curve 2).

If the age of the Universe was equal to the age of these galaxies, then the
length of the equator of the 3-dimensional sphere L, would be, as can be seen
from Figure 6(a) (curve 3) = 115 Gpc. This value is comparable to the distance
to these galaxies, and the curvature of a 3-dimensional sphere, to which a

4-dimensional spherical layer adjoins, should appear in the observations of objects
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Figure 6. The dependences on the redshift of the age of the galaxy (curve 1) and the distance to it (curve 2), as well as the depen-

dence of the length of the equator of the 3-dimensional sphere (curve 3) on the age of the Universe, which is calculated under the

assumption that the age of the Universe coincides with the age of the galaxy (the left vertical line corresponds to the galaxy
GN-z11, the right one is for the galaxy UDFj-39546284) (a); the dependence of the age of the Universe on its inner radius (the
value of the radius corresponding to the vertical line was estimated from the data on the curvature of the Universe) (b).

at such distances. But even with such big red shifted, we see a flat Universe.

However, it has recently been discovered that the Universe has a positive cur-
vature basis equal to 4% [38]. Moreover, the confidence level is 99%. This dis-
covery was made on the anomalies in the distribution of relic radiation. Since
the dependence of the redshift of the relic radiation on the distance to the place
from where it came from is unknown, we estimate the lower bound of the inner
radius of the Universe based on the measured redshift of the galaxies GN-z11
and UDFj-39546284 and the distance to them D, calculated above according to
the considered model.

To do this, consider the equatorial section of a 3-dimensional sphere and draw
a straight tangent to the circle of the section. The ratio of the deviation ¢ from
the straight line to the distance D, from the point of contact of the circle and the
straight line must satisfy the condition &/ D, < &Qy, where Qy = 0.04 the curva-
ture of the Universe found in [38], £is a small value. It is necessary to put &£ no
more than 0.1 so that the curvature of the Universe at distances corresponding
to the galaxies mentioned above is imperceptible. On the other hand, § = R; -
[(Ry)* - (D,)’]"%, where Ry is the inner radius of the Universe. Solving this equa-
tion with respect to Ry, and using the inequality written above, we obtain an es-
timate for the lower bound of the inner radius of the Universe

1+£°Q; D,
e, DT na

Ry

As a result, we have R; > 10,000 Gpc, and the corresponding age of the Un-
iverse 7, should be at least 270 billion years, Figure 6(b).

This is consistent with the observational data, in which it was found that the
birth of low-metal stars and even entire galaxies occurs in the Universe during

its entire lifetime [39]. Based on these data, the opinion arose that at this stage
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there is no reason to assert anything about the age of the Universe [40]. Moreo-
ver, it was suggested that the observations of recent years, indicating the contin-
ued origin of stars and galaxies, provide the basis for the assertion of the eternal
existence of the Universe. Of course, within the framework of the proposed
model, there is no reason to agree with such an assumption. However, the above
estimate of the lower bound of the age of the Universe suggests that 270 billion
years, compared with the accepted age of the Universe in standard cosmology,

equal # =14 billion years, can be conditionally accepted as an infinite lifetime.

5. Conclusions

This article considers a model of accelerated expansion of the Universe based on
the idea of a hypothetical 4-dimensional substance with an inverse population of
energy levels. A theoretical model of the expanding Universe has been devel-
oped. The analytical dependence of the redshift on the distance to the galaxies is
derived. At the Hubble constant H, = 67.7 km/s/Mpc, it coincides with great ac-
curacy with the dependencies describing the Hubble diagrams for type Ia su-
pernovae, quasars and gamma-ray bursts, which are best adapted to the observed
data. At the same time, the use in this model of the Hubble constant A, = 73.48
km/s/Mpc obtained by Riess et al. does not provide agreement with the observed
data.

An explanation of two values of the Hubble constant is proposed. It is shown
that the Hubble constant first decreases with increasing distance to galaxies. Then,
after passing a minimum at a distance of about 8 Gpc, it begins to increase. Passes
in the range of z ~ 1 values the value of 73.5 km/s/Mpc, represented by the Riess
group. Then it reaches the limit value of 75.08 km/s/Mpc, which practically
coincides with the value Hj = 75.1 £ 2.3 (stat) + 1.5 (sys) km/s/Mpc obtained in
the work of Schombert et al

It is shown that in the considered model of the Universe, 14 billion years cha-
racterizes not the age of the Universe, but the moment of time when the accele-
ration of receding galaxies has a minimum value.

Based on the recently discovered curvature of the Universe, it is shown that
the age of the Universe is at least 270 billion years. This is consistent with the
conclusions from studies of the birth of low-metal stars.

The probability of transition from the excited state to the underlying energy

! is deter-

levels of a hypothetical 4-dimensional substance x = 5.31 x 107" s
mined, as well as the law of increasing energy density inside a 4-dimensional ball
p=(D) = pa(6) (1 £)** as a result of transitions to the underlying levels of an hy-
pothetical 4-dimensional substance.

It will be interesting to compare the obtained dependencies describing the
Hubble diagram with the dependencies that will be obtained on the basis of sta-
tistical processing of new data obtained using the James Webb Space Telescope.
If the dependences obtained in this work are confirmed at a redshift greater than

ten, then with a high degree of confidence it will be possible to assert that our
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Universe is really enclosed in a 4-dimensional spherical layer having a thickness
equal to half the Compton wavelength of an electron and possessing gigantic
hardness and strength. Since relativistic laws are conditioned by the resonance
condition for the deformation modes of this layer, the covariance of physical
processes, and, consequently, the properties of our world are conditioned by the
characteristics of this layer and the hypothetical 4-dimensional substance. As
follows from the results of this work, in order to determine their characteristics
that are not yet known, further research of objects of the Universe remote over

vast cosmic distances is required.

Acknowledgements

The author thanks Doctor of Ph.D. A.V. Vinogradov and Doctor of Ph.D. A.P.
Bogatov for their support in the work.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this pa-

per.

References

[1] Riess, A.G., Filippenko, A.V., Challis, P., Clocchiatti, A., Diercks, A., Garnavich,
P.M., et al. (1998) Astronomical Journal, 116, 1009-1038.
https://doi.org/10.1086/300499

[2] Perlmutter, S., Aldering, G., Valle, M., et al. (1998) Nature, 391, 51-54.
https://doi.org/10.1038/34124

(3] Ellis, G.F.R. and van Elst, H. (2008) Cosmological Models (Cargese Lectures 1998).
Cosmology Group Department of Mathematics and Applied Mathematics Univer-
sity of Cape Town, Cape Town.

[4] Melia, F. (2012) Fitting the Union2.1 SN Sample with the R, = ct Universe.

[5] Urusovskii, I.A. (2001) Cosmological Corollaries of Non-Constancy of the Speed of
Light. Yearbook of the Russian Acoustic Society. Collection of Proceedings of the
School-Seminar of Prof. S.A. Rybak, Moscow, 176-192.

[6] Steinhardt, P.J. and Turok, N.A. (2002) Science, 296, 1436-1439.
https://doi.org/10.1126/science.1070462

[7] Zhang, T.X. (2018) Journal of Modern Physics, 9, 1838-1865.
https://doi.org/10.4236/jmp.2018.99117

[8] Shulman, M.H. (2011-2020) Alternative Cosmology.
http://www.timeorigin21.narod.ru/rus_time/Alt_cosmology.pdf

[9] Gogberashvili, M. (2000) Europhysics Letters, 49, 396.
https://doi.org/10.1209/epl/i2000-00162-1

[10] Krause, W. (2021) Journal of High Energy Physics, Gravitation and Cosmology;, 7,
1306-1314. https://doi.org/10.4236/jhepgc.2021.74080

[11] Oks, E. (2021) Open Journal of Microphysics, 11, 1-7.
https://doi.org/10.4236/0jm.2021.111001

[12] Potemine, I.Yu. (2022) Journal of High Energy Physics, Gravitation and Cosmology,
8, 983-989. https://doi.org/10.4236/jhepgc.2022.84069

DOI: 10.4236/jmp.2023.141001

15 Journal of Modern Physics


https://doi.org/10.4236/jmp.2023.141001
https://doi.org/10.1086/300499
https://doi.org/10.1038/34124
https://doi.org/10.1126/science.1070462
https://doi.org/10.4236/jmp.2018.99117
http://www.timeorigin21.narod.ru/rus_time/Alt_cosmology.pdf
https://doi.org/10.1209/epl/i2000-00162-1
https://doi.org/10.4236/jhepgc.2021.74080
https://doi.org/10.4236/ojm.2021.111001
https://doi.org/10.4236/jhepgc.2022.84069

E. P. Orlov

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]
(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

Korn, G.A. and Korn, T.M. (2000) Mathematical Handbook for Scientists and En-
gineers: Definitions, Theorems, and Formulas for Reference and Review. Revised
Edition, Dover Publications, New York.

Mazur, P.O. and Mottola, E. (2002) Gravitational Condensate Stars: An Alternative
to Black Holes.

Rumer, Y.B. (1956) Studies in 5-Optics. Translated by D.H. Delphenich, State Pub-
lishing Office for Technico-Theoretical Literature, Moscow.

Orlov, E.P. (2004) Space-Time the Relationship between Modes Resonators with
Parallel Flat Mirrors. Preprint FIAN. No. 16. Moscow. http://preprints.lebedev.ru

Mankevich, S.K. and Orlov, E.P. (2010) Relativity Theory and Laser Location Me-
thod. Preprint FIAN. No. 18, Moscow. http://preprints.lebedev.ru

Orlov, E.P. (2014) Transformation of Space-Time at Rectilinear Relativis-
tic-Accelerated Motion in the Concept of an Extra Dimension. FIAN Preprint No.
3. Moscow. http://preprints.lebedev.ru

Orlov, E.P. (2016) A Method for Solving the Problem of Photon Scattering by Rela-
tivistic Electrons based on the Concept of an Extra Spatial Dimension. FIAN Pre-
print No. 1. Moscow. http://preprints.lebedev.ru

Siegel, E. (2018) Ask Ethan: Could Dark Matter Not Be a Particle at All? Forbes.
https://www.forbes.com/sites/startswithabang/2018/03/03/ask-ethan-could-dark-m
atter-not-be-a-particle-at-all

Orlov, E.P. (2012) Conic Sections, Light Aberration, Doppler Effect and Dirac Bis-
pinors. FIAN Preprint No. 10, Moscow. http://preprints.lebedev.ru

Laue, M. (1950) History of Physics. Academic Press, Cambridge.

Prokhorov, A.M. (1974-1983) Great Soviet Encyclopedia. Collier Macmillan, New
York.

Verhodanov, O.V. (2016) UFN, 186, 3-46.
https://doi.org/10.3367/UFNr.0186.201601b.0003

Aiola, S., Calabrese, E., Loic, M., Naess, S., Schmitt, B.L., Abitbol, M.H., et al. (2020)
The Atacama Cosmology Telescope: DR4 Maps and Cosmological Parameters.

Choi, S.K., Hasselfield, M., Patty Ho, S.-P., Koopman, B., Lungu, M., Abitbol, M.H.,
et al. (2020) The Atacama Cosmology Telescope: A Measurement of the Cosmic

Microwave Background Power Spectra at 98 and 150 GHz.

Riess, A.G., Macri, L.M., Hoffmann, S.I., Scolnic, D., Casertano, S., Filippenko,
AV, etal (2016) The Astrophysical Journal, 826, 56.
https://doi.org/10.3847/0004-637X/826/1/56

Riess, A.G., Casertano, S., Yuan, W., Macri, L., Anderson, J., MacKenty, ].W., Bow-
ers, ].B., et al (2018) The Astrophysical Journal, 855, 136.
https://doi.org/10.3847/1538-4357/aaadb7

Schombert, J., McGaugh, S. and Lelli, F. (2020) The Astronomical Journal, 160, 71.
https://doi.org/10.3847/1538-3881/ab9d88

A Suzuki, N., Rubin, D., Lidman, C., Aldering, G., Amanullah, R., Barbary, K., et al
(2011) The Astrophysical Journal, 746, 85.
https://doi.org/10.1088/0004-637X/746/1/85

Risaliti, G. and Lusso, E. (2018) Nature Astronomy, 3, 272-277.
https://doi.org/10.1038/s41550-018-0657-z

Schaefer, B.E. (2007) The Astrophysical Journal, 660, 16-46.
http://www.arxiv.org/abs/astro-ph/0612285

DOI: 10.4236/jmp.2023.141001

16 Journal of Modern Physics


https://doi.org/10.4236/jmp.2023.141001
http://preprints.lebedev.ru/
http://preprints.lebedev.ru/
http://preprints.lebedev.ru/
http://preprints.lebedev.ru/
https://www.forbes.com/sites/startswithabang/2018/03/03/ask-ethan-could-dark-matter-not-be-a-particle-at-all
https://www.forbes.com/sites/startswithabang/2018/03/03/ask-ethan-could-dark-matter-not-be-a-particle-at-all
http://preprints.lebedev.ru/
https://doi.org/10.3367/UFNr.0186.201601b.0003
https://doi.org/10.3847/0004-637X/826/1/56
https://doi.org/10.3847/1538-4357/aaadb7
https://doi.org/10.3847/1538-3881/ab9d88
https://doi.org/10.1088/0004-637X/746/1/85
https://doi.org/10.1038/s41550-018-0657-z
http://www.arxiv.org/abs/astro-ph/0612285

E. P. Orlov

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

https://doi.org/10.1086/511742

Schaefer, B. (2012) The Gamma-Ray Burst Hubble Diagram to z = 6.6.
https://fr.slideserve.com/erek/the-gamma-ray-burst-hubble-diagram-to-z6-6

Marosi, L.A. (2019) International Journal of Astronomy and Astrophysics, 9, 1-11.
https://doi.org/10.4236/ijaa.2019.91001

Oesch, P.A., Brammer, G., van Dokkum, P.G., Illingworth, G.D., Bouwens, R.J.,
Labbe, 1., et al (2016) The Astrophysical Journal, 819, 129.
https://doi.org/10.3847/0004-637X/819/2/129

Jiang, L., Kashikawa, N., Wang, S., Walth, G., Ho, L.G., Cai, Z., et al (2021) Nature
Astronomy, 5, 256-261. https://doi.org/10.1038/s41550-020-01275-y

Bouwens, R.J., Oesch, P.A,, Illingworth, G.D., et al. (2013) The Astrophysical Jour-
nal Letters, 765, L16. https://doi.org/10.1088/2041-8205/765/1/L16

Di Valentino, E., Melchiorri, A. and Silk, J. (2020) Nature Astronomy; 4, 196-203.
https://doi.org/10.1038/s41550-019-0906-9

Marsakov, V.A. (2007) Structure and Evolution of Galaxy Subsystems. Ph.D. Thesis,
Special Astrophysical Observatory of the Russian Academy of Sciences, Nizhny Ar-
hyz.

Astrophysics and Its Concepts. Age of Space Objects.
https://astrogalaxy.ru/923.html

DOI: 10.4236/jmp.2023.141001

17 Journal of Modern Physics


https://doi.org/10.4236/jmp.2023.141001
https://doi.org/10.1086/511742
https://fr.slideserve.com/erek/the-gamma-ray-burst-hubble-diagram-to-z6-6
https://doi.org/10.4236/ijaa.2019.91001
https://doi.org/10.3847/0004-637X/819/2/129
https://doi.org/10.1038/s41550-020-01275-y
https://doi.org/10.1088/2041-8205/765/1/L16
https://doi.org/10.1038/s41550-019-0906-9
https://astrogalaxy.ru/923.html

	A Model of Accelerated Expansion of the Universe Based on the Idea about a Hypothetical 4-Dimensial Substance with an Inverse Population of Energy Levels
	Abstract
	Keywords
	1. Introduction
	2. Description of the Model
	2.1. Initial Views
	2.2. Basic Ratios

	3. Hubble Diagrams
	4. Discussion of the Results
	5. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

