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1. INTRODUCTION

The concept of fine structure was introduced into physics in the 20s of the 20th century by Arnold
Sommerfeld to describe the energy sublevels discovered experimentally in the emission spectra of
atoms. Since then, many other manifestations of the same constant relationship have been revealed in
various phenomena associated with the interactions of elementary particles. In quantum
electrodynamics, the fine structure constant is a measure of electromagnetism - one of the four
fundamental forces in nature (others are gravity, weak nuclear force, and powerful nuclear force).
Electromagnetic force holds electrons moving around the nucleus in the atom of the universe,
otherwise all matter would be scattered into pieces. Until recently, it was believed that this is an
invariable force in time and space. Currently, in quantum electrodynamics, the following value of the
fine structure of elementary particles has been experimentally obtained:

a=7.2973525376 (50) x 1072 =1/137.035999679

e e
a= hc 4me, o 2gohc (1)

Where e is the elementary electric charge,

A =h/2m is the Dirac constant (or the reduced Planck constant),

c is the speed of light in vacuum,

g0 is the dielectric constant.

Until recently, it was believed that (a) this is an invariable magnitude in time and space. However, in
an article published on April 27, 2020 in the journal Science Advances, scientists at the University of
South Wales in Sydney reported that four new measurements of light emitted by a quasar 13 billion

light-years from Earth confirm past research by Professor John Webb that found variations in the
values of the fine structure (Figure: 1) [1, 2].

Figurel. The light emitted by the quasar J1120 + 0641, 13 billion light years from Earth.
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Not only do universal constants appear to scientists to be variables at the outer edges of the cosmic
universe, anomalies also only occur in one direction, which looks odd. Astrophysicists today continue
to find hints that one of the cosmological constants, the fine structure, is not all that constant after all.
Professor Webb stated: “We found a hint that this constant fine structure number was different in
certain regions of the universe. Not only as a function of time, but actually in the direction of the
universe, which is really strange if right. In the current study, a group of scientists studied the quasar,
which allowed them to return to a time when the universe was only a billion years old, which has
never happened before. Thus, the Universe cannot be isotropic from the point of view of the laws of
physics, that is, it is statistically different in all directions. In fact, it may contain some directions or
preferred directions in which the laws of physics change, but not in the perpendicular direction. In
other words, the Universe in a sense has a dipole structure. ”[1, 2]. A strong anisotropy of
cosmological parameters was found at a level of ~5c in the direction (1, b) ~ (303°, - 27°), which is in
good agreement with the data of other cosmological probes [3].

In an earlier the article “Fundamental experiments on the detection of the anisotropy of physical space
and their possible interpretation” 2015 Dr. Yu.A. Baurov, Yu.G. Sobolev, F. Meneguzzo presented a
new interpretation of the global anisotropy of physical space of the Universe [4]. It is radically
different from that in the standard cosmological model ACDM (A- Cold Dark Matter), the
inflationary theory of anisotropy. In space anisotropy, Dr. Yu.Baurov exposed the cosmological
vector potential - a new force of nature (fifth force), generated by the interaction of elementary
particles of matter with dark matter [4]. In 2015, Dr. Attila Krasnahorkai and his colleagues at the
Institute for Nuclear Research of the Hungarian Academy of Sciences (Debrecen) published an article
in which they concluded that they had discovered the fifth interaction [5]. In 2019, Attila
Kraznahorsky in new experiments with helium confirmed the discovery of the fifth interaction [6].
This experiment of the Hungarian researcher Dr. Attila Kraznahorsky interested Professor John Webb
as a possible reason for the anisotropy of the value of the fine structure in a strictly defined direction
of motion in the Universe (I, b) ~ (303°, —27°). A group of theoretical physicists led by Jonathan Fan
from the University of California (Irvine, USA) decided to check the results of their Hungarian
colleagues. Professor Yonotan Feng carefully studied the work of Dr. Attila Kraznahorsky and stated
that the fifth interaction does not violate any laws of nature. The new scalar field may belong to a
hypothetical dark matter particle - the protophobic X-boson, which, like the Higgs boson, creates a
scalar field responsible for the fifth interaction between dark matter and ordinary (baryonic) matter.
Dr. Jonathan Fehn of the University of California, Irvine, in a 2017 press release, said: “For decades,
we have known about four fundamental forces: gravity, electromagnetism, and strong and weak
nuclear forces. The discovery of a possible fifth force will completely change our understanding of
the Universe, which will entail the unification of the fifth force and dark matter.”[7]. In the light of the
above, we can conclude that the value of the fine structure constant can depend on many factors.
Below we will consider what exactly can influence the size of the fine structure.

2. DEPENDENCE OF THE MAGNITUDE OF THE FINE STRUCTURE ON TEMPERATURE DURING IHE
EVOLUTION OF THE UNIVERSE.

When the vacuum is polarized and transformed into a substance, the change in the vacuum energy w
can be represented as a sum [8]:

W = WP + We (2)
where wr is the vacuum polarization, wr << E2 / 8mx; (3)
we is the change in the energy of the substance at the production of particles
22 2

we=eETy, 3= exp(—m7-) (4)
The creation of particles is the main reason for the change in the energy of the vacuum. The small
value of the reverse reaction we implies the limitation on the electric field E strength for the given
time T (Es = 10'® [V x cm™] is the critical Schwinger’s field) [9]. For an electromagnetic field, the
polarization energy density of quantum vacuum can also be represented as the sum of two terms (2).
Where is the first term wr (w,) quadratic in the electric and magnetic fields:

(E*+H?) (5)
8z
determines the energy of a non-interacting electromagnetic field before critical values electric

W, =
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strengths Schwinger’s field Es = 1.32 x 10'°[V x cm™] and magnetic field strength H = 10%° [Gs].
The second term we (w;) describes the interaction of photons due to the production of electron-
positron pairs [10]:

W, = 2D[ 3E°E” ~ H’H’ ~(E*H? + H’E?) |+ 7D| (EH)" + (HE)’ | (6)
The constant D can be calculated by the methods of quantum electrodynamics [10] and in Gaussian

units

hs3
D=n— ()

Where 1 is the dimensionless coefficient n = 45:;“)2 ~75x%x107° (8)

a is the fine structure constant (1),
m is the mass of the electron,

c is speed of light.

It is convenient D to write the coefficient through the Compton wavelength of the electron A = h/ mc
in the form [10]:

3
D= nx—z 9)

mc
Experiments show that if an external field acts on the vacuum, then due to its energy, the production
of real particles is possible [10]. Precisely because the vacuum is not virtual, but a real physical object
(dark matter) and has a structure, the polarization of the vacuum leads not to virtual, but real radiation
corrections to the laws of quantum electrodynamics [11]. The interaction of the electromagnetic field
with the vacuum (dark matter) leads to a dependence of the speed of light propagation on the radiation
temperature. Estimates show that in the modern era, even at very high temperatures, such as those that
exist in the bowels of stars, the temperature-dependent correction to the speed of light is extremely

small [10]:

AE=C—-c,~10°cm/s (10)
Where Ac is temperature-dependent correction to the speed of light,

c is speed of light in the interior of a star,

co is speed of light in space vacuum.

However, in the cosmological model of the hot Universe, in the first moments after the Big Bang, the

temperature was so high that the speed of light was many orders of magnitude higher than the modern
one. The effect of the dependence of the speed of light on temperature should be essential for
understanding the early evolution of the Universe. As a result, the Dr. Yuri Poluektov obtained a
dependence for the fine structure constant, recorded through the observed speed of light [10]:

e2

1t
With the expansion of the Universe and its cooling, the speed of light decreased and in our era
reached its value, almost equal to the speed of light at zero temperature. At Planck's temperature, Tp
~1.42x10%2[K] = 10'°[GeV] the speed of light ¢, would be much higher than the modern one:

oy = (11)

¢,/€, ~0.8-10" (12)
Dr. Yu. Poluektov in table 1 presented how the speed of light changed as the Universe cools in the
first moments after the Big Bang [10].

Table 1
t,s T, GeV T,K r=T/T, n,cm™ ¢/¢,
5.4.10 1.2:10% 1.42.10% 4.9-10% 1.3.10% 0.8-10%
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10°% 10% 10% 3.5:10% 1.6:10% 2.3.10"
10 100 10" 3.5:10° 6.5-10% 1.5-10°
10° 0.2 2.10% 6.9-10° 1.4-10% 10
10 10 2.101 69 2.5.10% 1.9
1.5 0.7-10° 0.8-10% 2.8 4.9-.10% 1.00003

The reason for the large effect immediately after the birth of the universe during weak photon-photon
interaction, as can be seen from the penultimate column of the table, is the extremely high density of
photons at such temperatures [10].

3. DEPENDENCE OF THE FINE STRUCTURE VALUE ON PRESSURE DURING POLARIZATION OF
QUANTUM VACUUM (DARK MATTER) IN THE NUCLEUS OF A HYDROGEN ATOM AND NEUTRON
STARS

The CMS collaboration in experiments at the Large Hadron Collider in 2019 studied the distribution
of reaction products in pp collisions with energies from 1 TeV to 13 TeV. It was found that a decrease
in the mass of elementary particles obtained from data up to an energy of 13 TeV, as well as a
decrease in the value of the interaction constants at a confidence level of 95% depend on the energy at
which the measurements were made. This effect, explained by the polarization of the vacuum, was
actually observed in experiments, in particular, a decrease in the mass of b- and c-quarks, as well as a
changing in the strong interaction constant, were measured [12]. The vacuum polarization effect leads
to charge screening at low energies. With increasing energy, fine structure magnitude (o) changing
logarithmically:
Qo

a(E) = —= o) (13)
Where E is the electric field strength,
A a is the incremental value is calculated as part of QCD

In 2018. Professor Volker Burkert carried out a series of experiments at the CEBAF accelerator. After
the collision of fast electrons with the mass of liquid hydrogen (the source of protons), the researchers
registered the particles arising from their interaction - an electron, a proton and two photons. This
allowed for the first time to measure the pressure at the center of the proton, bombarding the proton
with electrons, the energy of which reached 100 MeV or more, which allowed the electron to
penetrate into the structure of the proton (Figure 2) [13].

Quark

Figure2. The structure of the proton, quarks and gluons

Volker Berkert and his colleagues from Jefferson's laboratory found that the pressure in a proton can
exceed 103> Pascal [13]. It is known that at such a pressure polarization of the quantum vacuum is
observed and, in accordance with formula (13), changing in the value of the fine structure constant.

Professor A.V. Rykov RAS, Institute of Physics of the Earth, relying on his theory of vacuum, as well
as the energy of polarization of the vacuum and its electromagnetic parameters (&, Llo), calculated the
value of the fine structure of the near-Earth quantum vacuum (dark matter) and intranuclear quantum
vacuum. According to him, the fine structure of the near-Earth quantum vacuum a. = 0.0072975 or
(1/137) and the fine structure inside the hydrogen nucleus o, = 0.00318157 (1/314) determine
electromagnetism in the first case, and nuclear forces in the second case [14].The Professor A.V.
Rykov determined the elastic deformation force in near-Earth quantum vacuum F=1.155 x10%° [kg /
s?] and inside the proton nucleus F=5.211x102°¢ [kg / s?]. Thus, the elasticity of quantum vacuum
inside the nucleus is 7 orders of magnitude higher than that of near-Earth quantum vacuum (dark
matter) [14].
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In an article by astrophysicists from Finland, published on June 1, 2020, it is said that “the matter
inside the most massive stable neutron stars is interpreted as evidence of the presence of quark matter
nuclei, in which the speed of sound almost reaches the speed of light” [15]. It is believed that a form
of this strange substance, called quark-gluon plasma, filled the newborn universe about 20
microseconds after the Big Bang. It behaved like an extremely hot liquid, which then cooled to the
state of "ordinary" matter that fills the universe today. Currently, the only place in the universe where
quark matter can still be found is at the epicenter of particle collisions at the Large Hadron Collider
and possibly the heart of a neutron star. It is in neutron stars that nuclear forces determine the value of
the fine structure equal to ax = 0.00318157 (1/314). Moreover, the force holding quarks in the neutron
star’s core is F = 5.211 x 10?° [kg / s?].

4. CONCLUSION

Thus, the meaning of the fine structure is determined by five fundamental interactions:
electromagnetic, gravitational, strong and weak nuclear interactions and the fifth interaction between
baryonic matter and quantum vacuum (dark matter) and their derivatives: temperature and pressure.
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