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ABSTRACT

This paper provides an overview of the 4-D World - Universe Model (WUM). The World - Universe
Model unifies and simplifies existing Cosmological models and results into a single coherent
picture, and proceeds to compare the origin, evolution, structure, ultimate fate, and parameters of
the World to the Big Bang Model.

WUM explains the experimental data accumulated in the field of Cosmology and Astroparticle
Physics over the last decades: the size and age of the World; critical energy density and the
gravitational parameter; temperatures of the cosmic microwave background radiation and the peak
of the far-infrared radiation; observed expansion of the World and cosmological redshift; gamma-
ray background and macrostructure of the World. Additionally, the Model makes predictions
pertaining to masses of dark matter particles, photons, axions, and neutrinos; proposes new types
of particle interactions (Super Weak and Extremely Weak) and the fundamental physical
parameters of the World; explains “Pioneer Anomaly” and the rise of the solar luminosity steadily
from about 70% of its current value during the last 4.6 Byr.

The Model proposes to introduce a new fundamental parameter @ in the CODATA internationally
recommended values for calculating time dependent parameters of the World.
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INTRODUCTION

Today, a growing feeling of stagnation is shared by a large number of researchers. In his “The
Twilight of the Scientific Age” (2013), Martin Lopez Corredoira outlines everything that is wrong
with Physics today: increasingly expensive experiments that yield less and less, lack of outstanding
results, lack of openness to new ideas exhibited by scientific journals and community as a whole.

In some respects, the situation today is similar to that at the end of 19t century, when the common
consensus held that the body of Physics is nearly complete. Discoveries of special and general
relativity, quantum mechanics and elementary particles shook that belief and led to a new
renaissance in Physics that lasted for a century. The genius of Einstein, Bohr, Dirac, Heisenberg, and
Schrodinger allowed them to propose fundamentally new theories with very little experimental
data to back them up.

During the 20th century, their theories were validated and elaborated with newly acquired
experimental results. The pendulum may, however, have swung too far: today, all results must be
made fit into the existing framework. The frameworks get adjusted when necessary, particularly
inconvenient results may even get discarded at times. The time may be ripe to propose new
fundamental models that will be both simpler than the current state of the art, as well as open up
new areas of research.

In 1870, William Clifford made the statement that matter is nothing but ripples, hills and bumps of
space curved in a higher dimension and the motion of matter is nothing more than variations in
that curvature. He speculated that the force of electricity and magnetism is caused by the bending of
higher-dimensional space and planned to add gravity to his theory at later date.

“This is the first time that anyone had speculated that a “force” is nothing but the bending of space
itself, preceding Einstein by 50 years. Clifford’s idea that electromagnetism was caused by vibrations in
the fourth dimension also preceded the work of Theodor Kaluza, who would also attempt to explain
electromagnetism with the higher dimension. For the first time, someone correctly isolated the true
physical meaning of higher dimensions, that a theory about space actually gives us a unifying picture
of forces” (Michio Kaku, Hyperspace. Oxford University Press, 1994).

4-D World - Universe Model follows this idea of the fourth spatial dimension, albeit introducing the
Medium of the World instead of empty space.

In 1937, Paul Dirac proposed a new basis for cosmology: the hypothesis of a variable gravitational
“constant” [1]; and later added the notion of continuous creation of matter in the World [2]. World
- Universe Model follows these ideas, albeit introducing a different mechanism of matter creation.

In the present work we are giving an overview of the World - Universe Model (WUM) which is
unifying and simplifying existing models and results in Cosmology into a single coherent picture.
The Model was developed in papers [3 - 10]. WUM is proposed as an alternative to the prevailing
Bing Bang Model (BBM) of standard physical cosmology. The main difference is the source of the
World'’s energy.



World - Universe Model utilizes the following principles:

Continuous creation of matter. A similar idea was proposed by Paul Dirac in 1974 [2]. According
to WUM, the World is finite and is expanding inside the Universe which serves as an unlimited
source of energy that continuously enters into the World.

Existence of the Medium of the World stated by Nikola Tesla: “All attempts to explain the
workings of the universe without recognizing the existence of the ether and the indispensable function
it plays in the phenomena are futile and destined to oblivion”. Unique properties of the Medium were
discussed by James McCullagh in 1839. He proposed a theory of a rotationally elastic medium, i.e. a
medium in which every particle resists absolute rotation. This theory produces equations
analogous to Maxwell’s electromagnetic equations [11].

In WUM the World consists of the Medium (protons, electrons, photons, neutrinos, and dark matter
particles) and Macroobjects (Galaxy clusters, Galaxies, Star clusters, Extrasolar systems, planets,
etc.) made of these particles.

Decisive role of energy postulated by Nikola Tesla: “There is no energy in matter other than that
received from the environment”.

Supremacy of matter postulated by Albert Einstein: “When forced to summarize the theory of
relativity in one sentence: time and space and gravitation have no separate existence from matter”.

Principal role of Maxwell’s Equations (ME) that form the foundation of classical electrodynamics.
The value of ME is even greater because ]. Swain showed that “linearized general relativity admits a
formulation in terms of gravitoelectric and gravitomagnetic fields that closely parallels the
description of the electromagnetic field by Maxwell’s equations” [12]. Hans Thirring pointed out this
analogy in his “On the formal analogy between the basic electromagnetic equations and Einstein’s
gravity equations in first approximation” paper published in 1918 [13]. It allows us to use formal
analogies between the electromagnetism and relativistic gravity. It is worth to note that the
equations for Gravitoelectromagnetism were first published in 1893, before general relativity, by
Oliver Heaviside as a separate theory expanding Newton'’s law [Wikipedia, Gravitomagnetism].

In accordance with Maxwell’s equations for electromagnetism and gravitoelectromagnetism there
are two measurable physical characteristics: energy density and energy flux density. For all
particles under consideration we used four-momentum to conduct statistical analysis of particles’
ensembles with the final result - energy density.

Basic unit of energy density p,, basic unit of energy flux density I, and basic unit of four-
momentum p, are three measurable Fundamental Units of WUM. Two Fundamental Parameters in
various rational exponents define all macro and micro features of the World: Fine-structure
constant @ and dimensionless quantity Q. While a is constant, Q increases with time, and is in
fact a measure of the Size and the Age of the World [6].



This paper provides an overview of the World - Universe Model. The Model was developed in
papers [3 - 10]. A number of results obtained there are quoted in the current work without a full
justification; an interested reader is encouraged to view the referenced papers in such cases.

1. COSMOLOGY

WUM is built on two major assumptions: the universality of physical laws and the cosmological
principle. The cosmological principle states that on large scale the World is homogeneous and
isotropic. WUM envisions an expansion of the World.

1.1. THE BEGINNING AND EXPANSION

About 14.223 billion years ago the World was started by a fluctuation in the Universe, and the
Nucleus of the World, which is a 4-ball, was born. The radius of the World’s Nucleus at the
Beginning was equal to

a = 2may 11

where a, is the classical electron radius. The Nucleus has since been expanding through the
Universe with speed equal to the gravitoelectrodynamic constant ¢ for time t (and thus now has
the radius of R = ct).

The 4-ball is the interior of a 3-sphere which is the World in our Model. The 3-dimensional cubic
hyperarea of a 3-sphere 1/}, ofradius R is:

Vy = 2m2R3 1.2

The extrapolated energy density of the World at the Beginning 3p, is much smaller than the
nuclear energy density (see equation 3.7.1).

1.2. THE WORLD’S MATTER CONTENT

The World consists of the Medium (protons, electrons, photons, neutrinos, and dark matter
particles) and Macroobjects (Galaxy clusters, Galaxies, Star clusters, Extrasolar systems, planets,
etc.) made of these particles. There are no empty space and dark energy in the WUM.

1.3. HORIZON AND FLATNESS
The principal idea of WUM is that the energy density of the World py, equals to the critical energy
density p. necessary for a flat World at any time t. The World is a closed structure. Hence the
Horizon problem does not arise.

1.4. THE CREATION OF MATTER
Recall the well-known Friedmann equation for the critical energy density of the World p, :

3HZc?
8nG

Per = 1.3

where G is the gravitational parameter and H, is Hubble’s parameter:
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Equation 1.3 can be rewritten as
4G 2 _ 2 _ _ 2 _ 1 _ C2
C_zxgpcr_.ugxgpcr_ﬂgxpM—HO—t_z—ﬁ 1.5

. . , 2 . . .
where pug, is the gravitomagnetic parameter and py = 3Per 18 the energy density of the Medium.
According to Paul Dirac the gravitational parameter G is proportional to = and is decreasing in
. 1 . 1 o
time as G « - [1]. It means that p. and p,, are also proportional to r and are decreasing in

time as py = %pcr [ % In frames of WUM the critical energy density equals to

Per =3p0 X Q71 =3poy 16

Amount of energy added to the World from the Universe dEj, is proportional to the increase of the
hyperarea of the 3-sphere dVy, :

dVy, = 6m?R?dR 1.7
and the energy density of the Medium p,, which is the surface energy density of the Nucleus.
The total amount of the World energy at time ¢ is thus

Ey = 127T2p0af: rdr = 6m?pyaR? = 6m20yR? 1.8
where parameter g, equals to

Op = pPoa 1.9
The energy density of the World py, is inversely proportional to the radius of the Nucleus R:

2,5 p2
6m“0gR”

Py = el 3% = Per 1.10

and equals to p., necessary for the flat World at any time ¢. It is important to note that:

e In our calculations we used the measurable Fundamental unit - energy density;

e Energy continuously enters from the Universe perpendicular to the 3-sphere and saturates
all points of the World at the same time;

e Energy density of the World is the surface energy density of the 3-sphere. The fluctuations
of energy density in the World with the value higher than the energy density of the Medium
are the fluctuations of 3-sphere surface energy density and correspond to “ripples, hills and
bumps” of 3-sphere curved in a fourth dimension.



1.5. NEWTONIAN PARAMETER OF GRAVITATION
In accordance with WUM the parameter G can be calculated based on the value of the energy
density of the Medium of the World py, :

4 2
G = — pu Py 1.11

- 8moyR T 16m (1)
Then the Newton'’s law of universal gravitation can be rewritten in the following way:
mcZMc?

mM
F=c1% =M 9% 9 1.12
r2 16w 1?2

where we introduced the measurable parameter of the Medium p,, instead of the

. . . . . mc? Mc?
phenomenological coefficient G ; and gravitoelectromagnetic charges — and — instead of
0 0
macroobjects masses m and M . The gravitoelectromagnetic charges have a dimension of “area”,

which is equivalent to “energy”, with the coefficient that equals to g .

In our Model, the gravitational parameter G can be calculated based on the value of Hy :

C3
G =-——H, 1.13

8moy

Hubble’s parameter H, is the impedance of the Medium filled with matter. It follows that
measuring the value of Hubble’s parameter anywhere in the World and taking its inverse value
allows us to calculate the absolute age of the World.

The gravitomagnetic parameter of the Medium u,, equals to:
=7 1.14

Taking its inverse value, we can find the absolute radius of the Nucleus. We emphasize that the
above two parameters (H, and p,,) are principally different physical characteristics of the Medium
that are connected through the gravitoelectrodynamic constant c.

In WUM, time and space are closely connected with the Medium’s impedance and gravitomagnetic
parameter. It follows that neither time nor space could be discussed in absence of the Medium.
Matter, then, is primary to time and space. It follows that the gravitational parameter G can be
introduced only for the World filled with matter, as Einstein has postulated.

While in our Model Hubble’s parameter H, has a clear physical meaning, the gravitational
parameter G is a phenomenological coefficient in the Newton’s law of universal gravitation and in
Einstein’s theory of general relativity.

1.6. TIME VARYING PARAMETERS OF THE WORLD

The constancy of the universe fundamental constants, including G, Fermi coupling constant G,
Planck mass Mp , is now commonly accepted, although has never been firmly established as a fact.
A commonly held opinion states that gravity has no established relation to other fundamental forces,
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so it does not appear possible to calculate it indirectly from other constants that can be measured
more accurately, as is done in some other areas of physics [Wikipedia, Gravitational constant].

WUM holds that there indeed exist relations between all Q-dependent, time varying parameters: G,
Gr, Mp, Hy,R, p.r, A; (Age of the World), Typgr (Temperature of the microwave background
radiation), m, (Axion mass), m, (Neutrino mass), etc. [3]. In accordance with WUM, the
dimensionless quantity @ in various rational exponents defines all time varying parameters of the
World as follows [3, 4]:

e Newtonian parameter of gravitation G

C4 -1
G = X Q 1.15

8moya

e Hubble’s parameter H,

H, = g x Q1 1.16
e Age of the World 4;

A= % X Q 1.17
e Size of the Nucleus R

R=axQ 1.18

e (ritical energy density p.,

Per = 3po X Q71 1.19
e Planck mass

Mp =222 % QY/? 1.20
e Temperature of the microwave background radiation Tygg

15a me

Typr = k ot )1/4 x Q~1/4 1.21

e Temperature of the far- 1nfrared background radiation peak Tgrp
_E 1/4 1/4

Trirp = 4-71'5) X Q~ 1.22

e Fermi coupling parameter Gr
6 _ (1800q M) M1 1/4 1.23
(hc)B_( “mp) mezg ¢ '

where m,, is the mass of a proton, m, is the mass of an electron, kg is Boltzmann constant, a is
the fine-structure constant, h is Dirac constant, and the basic energy unit E, equals to [6]:

EO:ppO—IO:pocz— 1.24
0



where h is Planck constant. Total energy of the World Ej, atcurrenttime t equals to
2
Ey = 6m%Ey x Q% = 6m?E, (%) 1.25
to
where the basic unit of time ¢, equals to

to = 1.26

¢
[
The proportionality of total energy in the World to its age squared (E, < A?) was also
hypothesized by Paul Dirac [1]. Using equation 1.15 we can find the dimensionless time varying
fundamental parameter Q. based on the average value of parameter G [4]:

= 0.760000(91) x 1040 1.27
G

Today, Fermi coupling parameter Gr is known with the highest precision. Based on its average
value we can calculate Qp using equation 1.23:

Qr = 0.759960(13) x 104 1.28

and significantly increase the precision of all Q-dependent parameters [4]. We propose to introduce
Q as a new fundamental parameter tracked by CODATA, and use its value in calculation of all time-
dependent parameters.

1.7. MACROOBJECTS OF THE WORLD. PIONEER ANOMALY

All macroobjects (MO) of the World (galaxy clusters, galaxies, star clusters, extrasolar systems, and
planets) have cores made up of different Dark Matter (DM) particles (see Section 3.7). The theory of
fermion compact stars made up of DM particles is well developed. Scaling solutions are derived for
free and an interacting Fermi gas in [3]. The calculated parameters of fermion compact stars show
that

e Strongly interacting WIMPs or neutralinos make up the cores of planets;

o White Dwarf Shells around the nuclei made of strongly interacting WIMPs or neutralinos
compose the cores of stars in extrasolar systems;

e Monopoles (dissociated DIRACs) form cores of star clusters;

e Preons (dissociated ELOPs) constitute cores of galaxies;

e Sterile neutrinos make up cores of galaxy clusters.

According to the developed Model, Macroobjects have cores made up of fermionic DM particles
possessing minimum radii R.org described in Tables 1 & 2 (Section 3.7). In case of extrasolar
systems, the cores are made up of strongly interacting neutralinos or WIMPs surrounded with
White Dwarf Shells (WDS).

The cores are surrounded by the transitional region. In this region, the density decreases rapidly to
the point of the zero level of the fractal structure [14] characterized by radius Ry and energy

density py that satisfy the following equation for r = R:
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p(r) = prRf 1.29

According to Yu. Baryshev: “For a structure with fractal dimension D =2 the constant psRy may be

actually viewed as a new fundamental physical constant” [14]. In our Model, it is natural to connect
this constant with the constant oy :

The value of 4 above follows from the ratio for all Macroobjects of the World: 1/3 of the overall
energy is in the central macroobject (for example, star in extrasolar system) and 2/3 of the energy
is in the fractal structure around it [3].

It allows us to explain the so-called “Pioneer anomaly”. The Pioneer anomaly is the observed
deviation from predicted accelerations of the Pioneer 10 and Pioneer 11 spacecraft after they passed
about 20 astronomical units (3 X 10% km; 2 X 10° mi) on their trajectories out of the Solar System. An
unexplained force appeared to cause an approximately constant sunward acceleration of
ap =8.74+ 1.33 x 1071%m/s? for both spacecraft. The magnitude of the Pioneer effect ap is
numerically quite close to the product of the speed of light ¢ and the Hubble constant H, hinting at
cosmological connection. [Wikipedia, Pioneer anomaly].

Let us calculate an acceleration ap at the distance rp > Rf due to the additional mass of the fractal

structure Mgs(rp) o r# with the equation 1.14 for the gravitational parameter G :

4 2
ap = Mes _ _© 2% =2 = cH, = 6.68 x 10710 m/s? 1.31

= T
03 8mooR c2 R

which is in good agreement with the experimentally measured value. It is important to notice that
the calculated acceleration does not depend on 7, and equals to cH, hinting at cosmological
connection. As for the values of Ry and P let us take

Rf = Ol_lRCORE 1.32

1.33

pr = 40y

RcoRrE

Equation 1.29 fits naturally into our Model, since the evolution of all spherical structures of the
World is progressing in a quasi-stationary mode. The ball of radius Ry is absorbing energy from

the Universe, and the distribution of energy outside of the ball follows equation 1.29.

The calculations carried out for our Sun using equations 1.32 and 1.33 are in agreement with the
experimentally measured characteristics of the Sun. Taking the value of the solar core radius
Rcoresun = 1.6 X 108 m (see 2.14.16 in [3]) we obtain

R =2.2X 101%m 1.34
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which is in agreement with estimated size of the Heliosphere. The Heliosphere, which is the cavity
around the Sun filled with the solar wind plasma, extends from approximately 20 solar radii
(~ 1.4 x 101% m) to the outer fringes of the Solar System [Wikipedia, Sun].

Mass of the fractal structure around Sun M, atdistances Ry > Ry is

My, = 8mR%0,/c? 1.35
Atdistance R, = 1.8 X 103 m away from the Sun (approximate distance to Voyager 1 [125]),

My, = 3.3 x 10%"kg 1.36

that is ~ 0.15% Ms,,,,- This additional mass can explain the observed deceleration of Voyagers.

1.8. NUCLEOSYNTHESIS

Nucleosynthesis of all elements (including light elements) occurs inside stars during their evolution
(Stellar nucleosynthesis). The theory of this process is well developed, starting with the publication
of a celebrated B2FH review paper in 1957 [15]. With respect to WUM, stellar nucleosynthesis
theory should be enhanced to account for annihilation of heavy Dark Matter particles (WIMPs and
neutralinos). The amount of energy produced due to this process is sufficiently high to produce all
elements inside stellar cores.

1.9. COSMOLOGICAL REDSHIFT

WUM gives the following explanations for supernovae la distance measurements and their relation
to redshift: all macroobjects of the World were fainter in the past. As their cores absorb new energy,
the size of macroobjects and their luminosity are increasing in time o« t. For example, taking the
age of the World = 14.2 Byr and the age of solar system = 4.6 Byr, it is easy to find that the young
Sun’s output was 67.6% of what it is today. Literature commonly refers to the value of 70% [126].

Interestingly, Nikola Tesla shared the same opinion. In 1934, “Dr. Tesla disclosed that he has lately
perfected instruments which flatly disprove the present theory of the high physicists that the sun is
destined to burn itself out until it is a cold cinder floating in space. Dr. Tesla stated that he is able to
show that all the suns in the universe are constantly growing in mass and heat, so that the ultimate
fate of each is explosion” [16].

In accordance with Hubble’s law, a distance d to galaxy for z < 1 is found to be proportional to z:

d= —z=Rz 1.37
Hy

The relationship of distance d to the redshift z for large values of z is not presently conclusive,
active research is conducted in the area. In WUM, the distance to galaxy equals to

d=——=R— 1.38
Ho 14z 1+z
which reduces to 1.37 for z < 1 and d = R for z - oo. Thus for z >1, the distance to supernovae
is smaller than expected and hence supernovae are brighter. There is then no reason to introduce
dark energy in order to explain the nonlinear relationship of distance to the redshift.
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2. COMPARING WORLD - UNIVERSE MODEL AND BIG BANG MODEL

Let’s proceed to compare the origin, evolution, structure, ultimate fate, and parameters of the
World speculated by the Big Bang Model (BBM) and World - Universe Model (WUM).

2.1. THE BEGINNING AND EXPANSION

BBM: “About 13.772 billion years (Byr) ago a tremendous explosion started the expansion of the
universe. This explosion is known as the Big Bang. At the point of this event all of the matter and
energy of space was contained at one point (singularity). What existed prior to this event is completely
unknown and is a matter of pure speculation. This occurrence was not a conventional explosion but
rather an event filling all of space with all of the particles of the embryonic universe rushing away
from each other. The Big Bang actually consisted of an explosion of space within itself unlike an
explosion of a bomb where fragments are thrown outward” [127].

Inflationary Epoch lasted from 10736 to approximately 10732 seconds after the Big Bang. Universe
underwent an extremely rapid exponential expansion. This rapid expansion increased the linear
dimensions of the early universe by a factor of at least 10%° (and possibly a much larger factor), and
so increased its volume by a factor of at least 1078, This expansion explains various properties of the
current universe that are difficult to account for without such an inflationary epoch (Horizon and
Flatness problems). Following the inflationary period, the universe continued to expand, but at a
slower rate [Wikipedia, Inflationary epoch].

WUM: About 14.223 billion years ago the World was started by a fluctuation in the Universe, and
the 4-ball Nucleus of the World with the radius a was born (1.1). The extrapolated energy density
of the 3-sphere World at the Beginning was

pwo = 3po = 6.0638901 x 1030 2.1

which is four orders of magnitude smaller than the nuclear energy density (see equation 3.7.1). The
4-ball Nucleus has since been expanding through the Universe with speed equal to the
gravitoelectrodynamic constant c.

2.2. THE SIZE AND AGE OF THE WORLD

BBM: Current interpretations of astronomical observations indicate that the age of the Universe is
13.772 Byr (the Hubble radius equals to 13.772 billion light years) and that the diameter of the
observable universe is at least 93 billion light years. According to general relativity, space can expand
faster than the speed of light, although we can view only a small portion of the universe due to the
limitation imposed by light speed. Since we cannot observe space beyond the limitations of light (or
any electromagnetic radiation), it is uncertain whether the size of the Universe is finite or infinite
[Wikipedia, Universe].

WUM: According to the Model, the 3-spere World is a closed structure. The radius of the 4-ball
Nucleus equals to the Hubble radius (about 14.223 Byr).
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2.3. HORIZON AND FLATNESS

BBM: The horizon problem is the problem of determining why the universe appears statistically
homogeneous and isotropic in accordance with the cosmological principle. In the big bang model
without inflation gravitational expansion does not give the early universe enough time to equilibrate.
In a big bang with only the matter and radiation known in the Standard Model, two widely separated
regions of the observable universe cannot have equilibrated because they move apart from each other
faster than the speed of light - thus have never come in to causal contact: in the history of the universe,
back to the earliest times, it has not been possible to send a light signal between the two regions.
Because they have no interaction, it is difficult to explain why they have the same temperature (are
thermally equilibrated) [Wikipedia, Inflation (cosmology)].

WUM: The energy density of the World equals to the critical energy density necessary for a flat
World. The World is a closed structure. Hence the Horizon problem does not arise.

2.4. THE CREATION OF MATTER
BBM: At the point of the Big Bang all of the matter and energy of space was contained at one point.

WUM: Creation of all matter in the World continually occurs by absorbing energy from the
Universe.

2.5. NEWTONIAN PARAMETER OF GRAVITATION
BBM: Newtonian constant of gravitation G is a Fundamental constant.

I , o 1
WUM: The gravitational parameter G is decreasingintimeas G « T

2.6. NUCLEOSYNTHESIS

BBM.: [t is now known that the elements observed in the Universe were created in either of two ways.
Light elements (namely deuterium, helium, and lithium) were produced in the first few minutes of the
Big Bang, while elements heavier than helium are thought to have their origins in the interiors of
stars which formed much later in the history of the Universe. Both theory and observation lead
astronomers to believe this to be the case. The measured abundances all agree at least roughly with
those predicted by the Big Bang model from a single value of the baryon-to-photon ratio. The
agreement is excellent for deuterium, close but formally discrepant for *He, and off by a factor of two
for 7Li; in the latter two cases there are substantial systematic uncertainties. Nonetheless, the general
consistency with abundances predicted by Big Bang nucleosynthesis is strong evidence for the Big
Bang [Wikipedia, Big Bang Nucleosynthesis].

WUM: Nucleosynthesis of all elements including light elements occurs inside stars during their
evolution (Stellar nucleosynthesis).

2.7. MICROWAVE BACKGROUND RADIATION

BBM: About 380,000 years after the Big Bang the temperature of the universe fell to the point where
nuclei could combine with electrons to create neutral atoms. As a result, photons no longer interacted
frequently with matter, the universe became transparent and the cosmic microwave background

13



radiation was created and then structure formation took place. This cosmic event is usually referred to
as decoupling. The photons present at the time of decoupling are the same photons that we see in the
cosmic microwave background radiation, after being greatly cooled by the expansion of the Universe.
The photons that existed at the time of photon decoupling have been propagating ever since, though
growing fainter and less energetic, since the expansion of space causes their wavelength to increase
over time [Wikipedia, Cosmic microwave background radiation].

WUM: The black body spectrum of the cosmic microwave background radiation (MBR) is due to
thermodynamic equilibrium of photons with low density intergalactic plasma. The World -
Universe Model calculates the value of MBR temperature Typr = 2.72522 K, that is in excellent
agreement with experimentally measured value of 2.72548 + 0.00057 K [Wikipedia, Cosmic
microwave background radiation].

2.8. FORMATION AND EVOLUTION OF LARGE-SCALE STRUCTURES

BBM: Cosmologists study a model of hierarchical structure formation in which structures form
from the bottom up, with smaller objects forming first, while the largest objects, such as
superclusters, are still assembling. A combination of observations and theory suggest that the first
quasars and galaxies formed about a billion years after the Big Bang, and since then larger structures
have been forming, such as galaxy clusters and superclusters. Populations of stars have been aging and
evolving, so that distant galaxies (which are observed as they were in the early Universe) appear very
different from nearby galaxies (observed in a more recent state) [Wikipedia, Big Bang].

WUM: All macroobjects of the World have cores made up of different DM particles. The energy
consumption rates are greater for galaxies relative to extrasolar systems, and for the World relative
to galaxies. It follows that new stars and star clusters can be created inside of a galaxy, and new
galaxies and galaxy clusters can arise in the World. Structures form from top (the World) down to
extrasolar systems in parallel around different cores made of different DM particles. Formation of
galaxies and stars is not a process that concluded ages ago; instead, it is ongoing.

2.9. CoSMOLOGICAL REDSHIFT. DARK ENERGY

BBM: Hubble's law of the correlation between redshifts and distances is required by models of
cosmology derived from general relativity that have a metric expansion of space. As a result, photons
propagating through the expanding space are stretched, creating the cosmological redshift
[Wikipedia, Redshift].

In physical cosmology and astronomy, dark energy is a hypothetical form of energy that permeates all
of space and tends to accelerate the expansion of the universe. Of particular importance are the
observations that extremely high red shift (z>1) supernovae are brighter than expected. [Wikipedia,
Physical cosmology].

WUM: The World - Universe model gives the following explanation for supernovae la distance
measurements: the distance to galaxies equals to

c z z
=tz _p =~ 2.2
Ho 1+z 1+z
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which reduces to 1.37 for z < 1 and d = R for z - oo. Thus for z >1, the distance to supernovae
is smaller than expected and hence supernovae are brighter. There is then no reason to introduce
dark energy.

2.10. ULTIMATE FATE OF THE UNIVERSE

BBM: There’s a growing consensus among cosmologists that the universe is flat and will continue to
expand forever. The preponderance of evidence to date, based on measurements of the rate of
expansion and the mass density, favors a universe that will continue to expand indefinitely, resulting in
the “big freeze” scenario below. However, observations are not conclusive, and alternative models are
still possible. The Big Freeze is a scenario under which continued expansion results in a universe that
asymptotically approaches absolute zero temperature. A related scenario is heat death, which states
that the universe goes to a state of maximum entropy in which everything is evenly distributed, and
there are no gradients - which are needed to sustain information processing, one form of which is life
[Wikipedia, Ultimate fate of the universe].

WUM: The World is continuously receiving energy from the Universe that envelopes it. Assuming
an unlimited Universe, the numbers of cosmological structures on all levels will increase: new
galaxy clusters will form; existing clusters will obtain new galaxies; new stars will be born inside
existing galaxies; sizes of individual stars will increase, etc. The temperature of the Medium of the
World will asymptotically approach absolute zero (Section 3.2).

3. ASTROPARTICLE PHYSICS

3.1. BAsic UNIT OF MASS
More than 60 years ago, Y. Nambu proposed an empirical mass spectrum of elementary particles
with a mass unit close to one quarter of the mass of a pion (about % = 35 MeV/c?) [17]. He

noticed that meson masses are even multiplies of a mass unit 70 , baryon (and also unstable

lepton) masses are odd multiplies, and mass differences among similar particles are quantized
by my = 70 MeV /c?. During the last 40 years M. Mac Gregor studied this property extensively [18].

In WUM we introduced a basic unit of mass m, that equals to

my == = 70025267 MeV /c? 3.1.1
3.2. Low DENSITY PLASMA. TEMPERATURE OF THE MICROWAVE BACKGROUND RADIATION
In our Model, the World consists of stable elementary particles with lifetimes longer than the age of
the World. Protons and electrons have identical concentrations in the Medium of the World [3]:

2
_ 2m*me

n, =n, = x Q™1 =0.25480 m™3 3.2.1

3
az my

which is in good agreement with their estimated concentration in the intergalactic medium
n, = 0.25 m~3 [Wikipedia, Outer space]. Low density plasma has plasma frequency vpr [3]:
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_ € Mev1/2 -1/2
Vy = X Q =4.5322 Hz 3.2.2
pl a mp)

Photons with energy smaller than E,, = hv,; cannot propagate in plasma, thus hv,,; is the
smallest amount of energy a photon may possess (Section 3.3). p, = n,E, is the energy density

of protons in the Medium. The relative energy density of protons {2, is then the ratio of Lo

Pcr

0, =22 = 2% _ 0048014655 3.2.3
Pcr 3

The above value is in a good agreement with estimations of baryonic matter in the World
), = 0.046 [Wikipedia, Dark Matter]. p, =n.E, is the energy density of electrons in the

Medium. The relative energy density of electrons (1, is then the ratio of Le

Pcr

2
0, =L Al 3.2.4

Pcr 3 my

Let’'s assume that the energy density of MBR pygr is twice larger than p, (due to two
polarizations of photons):

me _ 8mS ki
PMBR = 47T205m—ppo xQl= TsﬁTzﬁBR 3.2.5

where Tygr is MBR temperature. The black body spectrum of MBR is due to thermodynamic
equilibrium of photons with intergalactic plasma. We can now calculate the value of Tygg:

Tmpr = 2 15—(1&)1/4 X Q~Y* =272522 K 3.2.6

kg “2m3 my

Thus calculated value of Typgr is in excellent agreement with experimentally measured value of
2.72548 + 0.00057 K [Wikipedia, Cosmic microwave background radiation].

3.3. MASS VARYING PHOTONS. SPEED OF LIGHT
Photons with energy smaller than E,, = hv),,; cannot propagate in plasma, thus hv,,; is the

smallest amount of energy a photon may possess. This amount of energy can be viewed as a particle
(we will name it axion), whose frequency-independent effective “rest mass” equals to [3]:

1/2
my, =mg (’”—) x Q71?2 =1.8743 x 10~ eV /c? 3.3.1

mp

The calculated mass of an axion is in agreement with m,~ 10~5eV /c? discussed by C. Csaki et al.
[19] and with experimental checks of Coulomb’s law on photon mass my,. A null result of such an

experiment has set a limit of m,, < 107 eV /c? If the photon mass is generated via the Higgs
mechanism then the upper limit of my, < 107'*eV/c* from the test of Coulomb’s law is valid
[Wikipedia, Photon].
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According to special relativity, energy of an axion E, moving with a group velocity vy, is given by

v _
Eq(vgr) = hvp (1 —-2)7Y2 3.3.2
Taking into account the dispersion relation for plasma:
VgrVpp = C* 3.3.3

and the value of phase velocity v,, = —  where n ; is the index of plasma refraction
ph = 0 P

2
npr = (1 - B2 3.3.4
we calculate moving axion energy E,(vy,) to be
E,(vgr) = hv = Epy, 3.35
where v is photon frequency.

In our Model, the total energy of a moving particle consists of two components: rest energy and
“coat” energy. A particle’s coat is the response of the Medium to the particle’s movement. A photon
is then a constituent axion with rest energy E, = hvy,; and total energy E,, = hv. In most cases,
v » v,,;, and practically all of the photon’s energy is concentrated in the axion’s coat that is part of
the Medium surrounding the axion. Axions are fully characterized by their four-momentum.

Rest energy of an axion is decreasing with time: E, « t~'/? (3.3.1), and total energy remains
constant in the ideal frictionless Medium. The higher the photon’s energy, the closer its speed
approaches c. But the fact that axions possess non-zero rest masses means that photons can never
reach that speed.

3.4. MASS VARYING NEUTRINOS

It is now established that there are three different types of neutrinos: electronic v,, muonic v,
and tauonic v;, and their antiparticles. Pontecorvo and Smorodinskii discussed the possibility of
energy density of neutrinos exceeding that of baryonic matter [20]. Neutrino oscillations imply that
neutrinos have non-zero masses.

In WUM, neutrino masses are related to and proportional to m, multiplied by fundamental

parameter Q~'/* and different coefficients that were found in [3]. Masses of neutrinos are predicted
as follows:
my, ==-me x Q74 =3.1250 x 10~* eV /c? 3.4.1
m,, =mg X QY% =7.4999 x 1073 eV /c? 3.4.2
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m,_ = 6mg x Q~/* = 45000 x 1072 eV /c? 3.4.3

The squared values of the muonic and tauonic masses fall into the ranges of mass splitting Am2,,
and Am2,,, for solar and atmospheric neutrinos respectively estimated in literature [3]. The sum
of the calculated neutrino masses

Zm, = 0.053 eV/c? 3.4.4
is in good agreement with the value of 0.06 eV /c? discussed in literature [21].

One of the principal ideas of the World - Universe Model holds that energy densities of Medium
particles are proportional to proton energy density in the World’s Medium (3.2.3). Therefore the
total neutrinos relative energy density (2,;,; (in the Medium and in macroobjects) in terms of the
critical energy density p.. equals to [3]:

Dyeor = =0 = 30ma = 0.68775927 3.4.5

3.5. CosMiC FAR-INFRARED BACKGROUND

3.5.1. INTRODUCTION

Cosmic infrared background (CIB) is a mysterious infrared light coming from outer space. It is slowly
being resolved into specific sources by infrared telescopes. In some ways it is analogous to the cosmic
microwave background, but at shorter wavelengths.

One of the most important questions about the CIB is the source of its energy. Dust in the host galaxies
can absorb starlight and re-emit it in the infrared, contributing to the CIB. Although most of today’s
galaxies contain little dust (e. g. elliptical galaxies are practically dustless), there are some special
stellar systems even in our vicinity which are extremely bright in the infrared and at the same time
faint (often almost invisible) in the optical. These ultra-luminous infrared galaxies are just in a very
active star formation period [Wikipedia, Cosmic Infrared background].

The cosmic Far-Infrared Background (FIRB), which was announced in January 1998, is the part of
the CIB with wavelengths near 100 microns that is the peak power wavelength of the black body
radiation at 29 K. Below we are going to introduce a new component of the Medium of the World -
Bose-Einstein Condensate (BEC) drops of dineutrinos whose mass about equals to Planck mass, and
their temperature is around 29 K. These drops are responsible for the FIRB.

3.5.2. OBSERVATIONS

The Infrared Astronomical Satellite (IRAS) was the first all-sky survey which used far-infrared
wavelengths in 1983. Using IRAS, scientists were able to determine the luminosity of the galactic
objects discovered. Over 250,000 infrared sources were observed during the 10 month mission.

The FIRB radiation was observed for different galaxies in [22-41]. M. G. Hauser et al. revealed bright
emission from interplanetary dust at 100 micrometer [22]. F. ]. Low et al. pointed out that the 100
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micrometer cirrus may represent cold material in the outer solar system or a new component of the
interstellar medium [23].

B. Wang in 1991 found that the integrated far-Infrared background (FIRB) from galaxies peaks at
around 100 - 130 microns, with total radiation density from 0.5% to 6% of the cosmic MBR [24].
E. L. Wright in 1999 made the recomputation of the FIRB and found its total intensity to be about
3.4% of the MBR intensity [25].

In 1999, G. Lagache et al. described the Cosmic FIRB and announced that “for the first time the far-IR
emission of dust associated with the Warm Ionized Medium (WIM) is evidenced. The best
representation of the WIM dust spectrum is obtained for a temperature of 29.1 K’ [30]. D. P.
Finkbeiner et al. have detected substantial flux in the 60 and 100 micron channels in excess of
expected zodiacal and Galactic emission. They concluded that “there is currently no satisfactory
explanation for the 60-100 micron excess” [31].

M. J. Devlin et al. have this to say about a population of luminous, high-redshift, dusty starburst
galaxies: “In the redshift range 1 < z < 4, these massive submillimeter galaxies go through a phase
characterized by optically obscured star formation at rates several hundred times that in the local
Universe. Half of the starlight from this highly energetic process is absorbed and thermally reradiated
by clouds of dust at temperatures near 30 K with spectral energy distributions peaking at 100 um”
[38].

3.5.3. MODEL
According to WUM [3], the size of large cosmic grains D; is roughly equal to the Fermi length L :

De~Lp=axQY*=16532x10"*m 3.5.1
and their mass mg is close to the Planck mass Mp :
mg ~(107° & 1077) kg 3.5.2

The density of grains pg is close to the rock density p,ocy :

PG ~ Prock = ==& = 9.2008 x 10% -4 3.5.3

P

According to WUM, Planck mass Mp equals to

Mp = 2mg x Q1/? 3.5.4

Note that the value of M, is increasing with time, and is proportional to t/2 . Then,
d Mp

“Mp= 2 3.5.5

A grain of mass B;Mp and radius B,L is absorbing energy from the Medium of the World at the
following rate:
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ByMpc?
2t

d
= (B;Mpc?) = 3.5.6

where B; and B, are parameters.

The absorbed energy will increase the grain’s temperature T, , until equilibrium is achieved: power
absorption equals to the power irradiated by the surface of a grain in accordance with the Stefan-
Boltzmann law

BiMpc?
2t

= 05pT4 X 4mB2L% 3.5.7

where ogp is Stefan-Boltzmann constant:

54
2m kg

(o) =
SB T 15h3¢3

3.5.8

With Nikola Tesla’s principle at heart - There is no energy in matter other than that received from
the environment — we apply the World equation [3] to a grain:

B;Mpc? = 4nB31%0, 3.5.9
We then calculate the grain’s stationary temperature T, to be

= (= )1/4 ¢ = 28955K 3.5.10

This result is in an excellent agreement with experimentally measured value of 29 K [30-41].

3.5.4. RELATION TO MICROWAVE BACKGROUND
WUM calculates the value of the microwave background radiation temperature Tygg to be:

= 2.72522 K 3.5.11

15am hc
TMBR - ( 9)1/4 kg

213 m

Comparing equations 3.5.10 and 3.5.11, we can find the relation between the grains’ temperature
and the temperature of the microwave background radiation:

Te = (302,)"Y* x Tygr = 28.955 K 3.5.12

Cosmic FIRB radiation is not black body radiation. Otherwise, its energy density pgrp at
temperature T; would equal to the energy density of the Medium of the World:

sm® ki
PFIRB = ¢ (hCB)3 T Pcr = Pum 3.5.13

The total flux of the FIRB radiation is the sum of the contributions of all individual grains.

3.5.5. PLANCK MASS
The developed model of the FIRB introduces large grains whose mass about equals to Planck mass
Mp . Recall Dirac’s quantization condition:
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e _ phe 3.5.14

4mey 4T

where n is an integer, &, is the electric parameter, e and pu are electron and Dirac’s monopole
charges respectively.

Taking into account the analogy between electromagnetic and gravitoelectromagnetic fields, we can
rewrite the same equation for masses of a gravitoelectromagnetic field:

mM hcmM_nhc
ame, 2m M 4nm

3.5.15

where ¢ is the gravitoelectric parameter. Taking n =1 we obtain the minimum product of masses
mM = %Mﬁ = 2.36904 x 1071° kg? 3.5.16

Two particles or microobjects will not exert gravity on one another when both of their masses are
smaller than the Planck mass. Planck mass can then be viewed as the mass of the smallest
macroobject capable of generating the gravitoelectromagnetic field, and serves as a natural
borderline between classical and quantum physics. Incidentally, in his “Interpreting the Planck
mass” paper, B. Hammel showed that the Plank mass is “a lower bound on the regime of validity of
General Relativity” [42].

In our opinion, cosmic large grains with mass around M, are the smallest building blocks of all
macroobjects. Since these grains possess Planck mass, they can be reasoned about from the
standpoint of classical physics, validating our calculations of the grains’ masses and temperature.

3.5.6. MASS VARYING QUANTS. AXIONS AND DINEUTRINOS

According to WUM, all “elementary” particles of the World are fermions and they possess masses.
Bosons such as photons, X-rays, and gamma rays are composite particles and consist of an even
numbers of fermions. An axion is a boson possessing the lowest mass m, ~ 10~* eV /c? (3.3.1).

Gamma rays are usually distinguished from X-rays by their origin: X-rays are emitted by electrons
outside the nucleus, while gamma rays are emitted by the nucleus [Wikipedia, Gamma ray]. A better
way to distinguish the two, in our opinion, is the type of fermions composing the core of X-quants
and Gamma-quants.

Super soft X-rays have energies in the 0.09 to 2.5 keV range, whereas soft Gamma rays have
energies in the 10 to 5000 keV range. We assume that X-quants are dineutrinos vv with the rest
mass my (see Section 3.5.8):

my € myxQ Y*~10"*eV/c? 3.5.17

which is 10 orders of magnitude larger than the axion mass and is decreasing in time: my o« t~1/4,
We will name these dineutrinos “Xions”. New Physics with the dineutrinos in the Rare Decay
B — Kvv is actively discussed in literature in recent years (see, for example [43, 44]).
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According to WUM, the total neutrinos energy density in the World is almost 10 times greater than
baryonic energy density, and about 3 times greater than Dark Matter energy density (Section 3.5.7).
At such a high neutrino concentration, “neutrinos pairs” vv  (Xions) can be created. The
concentration of Xions may indeed be sufficient to undergo Bose-Einstein condensation (BEC), and
as aresult create BEC drops (large grains), possessing masses roughly equal to Planck mass.

3.5.7. ENERGY DENSITY OF DINEUTRINOS AND FIRB
Our Model holds that the energy densities of all types of Dark Matter (DM) particles are
proportional to the proton energy density p, inthe World’s Medium (3.2.3).

In all, there are 5 different types of DM particles (see Section 3.6). Then the total energy density of
DM ppy is

pom = 5pp = 0.24007327p,, 3.5.18

which is close to the DM energy density discussed in literature: ppy = 0.23 p., [Wikipedia, Dark
Matter].

The total neutrino energy density p,:,: equals to
45
Pvtot = Fpp 3.5.19

The total baryonic energy density pg is:
pg = 1.5p, 3.5.20

The sum of electron and MBR energy densities p.ypr equals to

Me M, —35Me
Pempr = Pe T Pupr = 1.50pp + 250 pp = 3.5 pp 3.5.21

Mp
We took additional energy density papp

2, 3.5.22

517 my

papp = (2 +
so that the energy density of the World py, equals to the theoretical critical energy density p.,

13 11 1 e . 45
o = [_+ (_+_)m_+_] Py = Pr 3.5.23

2 2 5m/ my b4

From 3.5.23 we can calculate the value of the fine-structure constant «, using electron-to-proton
mass ratio

—== [450 + 657 + (557 + 2) —¢| = 137.03600 3.5.24
1]

a

which is in an excellent agreement with the commonly adopted value of 137.035999074(44).
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It follows that there is a direct correlation between constants «a and ;nT expressed by equation of
P

the total energy density of the World (3.5.23). As shown above, % is not an independent constant,
14

but is instead derived from a. In Section 3.5.8 we will connect the chosen value of p,pp with
energy density of dineutrinos and FIRB radiation.

3.5.8. BOSE-EINSTEIN CONDENSATE
New cosmological models employing the Bose-Einstein Condensates (BEC) are actively discussed in
literature in recent years [45-59].

The transition to BEC occurs below a critical temperature T, , which for a uniform three-
dimensional gas consisting of non-interacting particles with no apparent internal degrees of
freedom is given by [Wikipedia, Bose-Einstein condensate]:

3.5.25

T, = (3228 o e

2mmykg  11.918mykg
where ny is the particle density, my is the mass per boson, { is the Riemann zeta function:
{(3/2) = 2.6124 3.5.26

According to our Model, we can take the value of the critical temperature T, to equal the
stationary temperature T, of large grains (see equation 3.5.10). Let’s assume that the energy
density of boson particles py equals to the MBR energy density (see equation 3.2.5):

px = nymy =222 p = 4n2a2e = 0,00015690 x 3.5.27
mp L

4
mp Lp

Taking into account equations 3.5.10, 3.5.25 and 3.5.27, we can calculate the value of ny :

m 15 1/4 -
ny = [47.672n2am—;(4—ns) P/5x L33 =

=0.011922 X L% = 2.6386 x 10° m™3 3.5.28

and the value of the mass my :

my = % = 0.013161my X Q~¥/* = 0.987 x 10~* eV /c? 3.5.29

my is 10 orders of magnitude larger than the axion mass (see equation 3.3.1).

The calculated values of the mass and concentration of dineutrinos satisfy the conditions for their
Bose-Einstein condensation. Consequently, BEC drops whose masses about equal to Planck mass
can be created. The stability of such drops is provided by the discussed detailed equilibrium
between the energy absorption from the Medium of the World and re-emission of this energy in
FIRB at the stationary temperature T; = 29 K.

The FIRB energy density prpg equals to
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1 me

PFIRB = PaDpD — Px = Pp 3.5.30

stmp
which is 107 times smaller than the energy density of MBR and dineutrinos:

1
PFIRB = Ty, PMBR & 0.032ppmpr 3.5.31

The ratio between FIRB and MBR corresponds to the value of 3.4% calculated by E. L. Wright [25].

In this Section we proposed a new component of the Medium of the World - BEC drops of
dineutrinos whose mass about equals to Planck mass, and temperature of around 29 K. BEC drops
are responsible for the FIRB and explain the substantial 100 micron flux in excess of expected
zodiacal and Galactic emission.

The BEC drops do not absorb and re-emit starlight. Instead, they absorb energy directly from the
Medium of the World. We can thus explain the existence of ultra-luminous infrared galaxies in a
very active star formation period, which are extremely bright in the infrared spectrum and at the
same time faint (often almost invisible) in the optical.

3.6. MULTI-COMPONENT DARK MATTER

The mystery about a is actually a double mystery. The first mystery - the origin of its
numerical value = 1/137 has been recognized and discussed for decades. The second
mystery - the range of its domain - is generally unrecognized.

Malcolm H. Mac Gregor

There are three prominent hypotheses on nonbaryonic DM, namely Hot Dark Matter (HDM), Warm
Dark Matter (WDM), and Cold Dark Matter (CDM). In our Model, DM particle masses are
proportional to m;, multiplied by different exponents of a. Consequently, we can predict the
masses of various types of DM particles:

CDM particles (fermions Neutralinos and WIMPs):

my = a~?my = 1.3149950 TeV /c? 3.6.1

My mp = @~ 1mg = 9.5959823 GeV /c? 3.6.2
DIRACs (bosons):

Mpirac = 2a° =2 = 70.025267 MeV /c? 3.6.3
ELOPs (bosons):

MeLop = 2a1% = 340.66606 keV /c? 3.6.4
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WDM particles (sterile neutrinos have both Dirac and Majorana terms [6]):
m,, = a*m, = 3.7289402 keV /c? 3.6.5

These values fall into the ranges estimated in literature (see [3] and references therein). In all, there
are 5 different types of DM particles. Then the total energy density of DM is (see equation 3.5.18):

pom = 5p, = 0.24007327p,, 3.6.6

Note that one of outstanding puzzles in particle physics and cosmology relates to so-called cosmic
coincidence: the ratio of dark matter density in the World to baryonic matter density in the Medium
of the World = 5 [60, 61].

The signatures of DM particles annihilation with predicted masses of 1.3 TeV, 9.6 GeV, 70 MeV,
340 keV, and 3.7 keV are found in spectra of the diffuse gamma-ray background and the emission of
various macroobjects in the World (see Section 3.8).

3.7. MACROOBJECTS CORES BUILT UP FROM FERMIONIC DARK MATTER
In our opinion, all Macroobjects (MO) of the World (including galaxy clusters, galaxies, globular
clusters, extrasolar systems, and planets) possess the following properties:

e Macroobject cores are made up of DM particles;

e Macroobjects consist of all particles under consideration, in the same proportion as they
exist in the World’s Medium;

e Macroobjects contain other particles, including DM and baryonic matter, in shells
surrounding the cores.

The first phase of stellar evolution in the history of the World may be Dark Stars (DS), powered by
Dark Matter heating rather than fusion. Neutralinos and WIMPs, can annihilate and provide an
important heat source for the stars and planets in the World.

A Dark Star made up of heavier particles - WIMPs and neutralinos - could in principle have a much
higher density. In order for such a star to remain stable and not exceed the nuclear density, WIMPs
and neutralinos must partake in an annihilation interaction. According to WUM the maximum
density of neutron stars equals to the nuclear density

m
Pmax = (m_2)4p0 = B*po 3.7.1

which is the maximum possible density of any macroobject in the World and f = % .
0

Table 1 and 2 summarize the parameter values for DS made up of various fermions:
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Table 1

Fermion Fermion Macroobject  Macroobject  Macroobject
relative relative mass relative relative
mass radius density
m M Ri P
f/mo max/}w0 mln/Lg max/po
Tauonic neutrino 6 x Q1/* 672 x Q1/2 672 x Q1/2 6*x Q!
Sterile neutrino a? a* a* a’
Preon 371qt 32q~2 32a72 37%at
Electron-proton al, 2 (ap)? a’p
(white dwarf)
Monopole 271 22 22 274
WIMP a~! a? a’ a?
Neutralino a=? a* at a®
Interacting WIMPs a’t B2 B2 B*
Interacting neutralinos a2 B2 B~ B*
Neutron (star) ~ B L2 L2 p*
where
My = 25 x Q32 3.7.2
Ly =axQ? 3.7.3
po = =5 3.7.4
Table 2
Fermion Fermion Macroobject Macroobject  Macroobject
mass mass radius density
mg, MeV/c? Minax, kg Rppin, m Pmax kg/m3
Tauonic neutrino 4.50x108 8.4x1050 3.7x10%4 3.8x10-24
Sterile neutrino 3.73x103 1.2x104 5.4x1014 1.8x10+
Preon =0.17 5.9x1037 2.6x1011 7.8x102
Monopole =35 1.4x1033 6.2x10¢6 1.4x1012
Interacting WIMPs 9,596 1.9x1030 8.6x103 7.2x1017
Interacting neutralinos  1,315x103 1.9x1030 8.6x103 7.2x1017
Electron/proton (white 0.511/938.3 1.9x1030 1.6x107 1.2x108
dwarf)
Neutron (star) 939.6 1.9x1030 8.6x103 7.2x1017

Note that DS made up of strongly interacting neutralinos and WIMPs have the same mass and size
as neutron star. The calculated parameters of DS show that
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e  White Dwarf Shells (WDS) around the nuclei made of strongly interacting WIMPs or
neutralinos compose cores of stars in extrasolar systems;

o Shells of Dissociated DIRACs to Monopoles around the nuclei made of strongly interacting
WIMPs or neutralinos form cores of globular clusters;

o Shells of Dissociated ELOPs to Preons around the nuclei made of strongly interacting
WIMPs or neutralinos constitute cores of galaxies;

e Shells of Sterile neutrinos around the nuclei made of strongly interacting WIMPs or
neutralinos make up cores of galaxy clusters;

e Shells of Tauonic neutrinos around the nuclei made of strongly interacting WIMPs or
neutralinos reside in the cores of galaxy superclusters.

Although there are no free Dirac’s monopoles and preons in the World, they can arise in the cores of
Fermionic Compact Stars (FCS) as the result of DIRACs and ELOPs gravitational collapse with

G . , k . .
density increasing up to the nuclear density ( ~ 107 m—gs) and/or at high temperatures, with

subsequent dissociation of dipoles to monopoles and preons.

The existence of supermassive objects in galactic centers is now commonly accepted. It is
commonly believed that the central mass is a supermassive black hole. There exists, however,
evidence to the contrary. In late 2013, ICRAR astronomer Dr. Natasha Hurley-Walker spotted a
previously unknown radio galaxy NGC1534 that is quite close to Earth at 248 million light years,
but is much fainter than it should be if the central black hole was accelerating the electrons in the
jets: “The discovery is also intriguing because at some point in its history the central black hole
switched off but the radio jets have persisted. This is a very rare occurrence—this is only the fifth of
this type to be discovered, and by far the faintest. We can only see it at low frequencies, which tells us
that the electrons in the jets are not getting new energy from the black hole, so it must have been
switched off for some time” [62]. It’s also possible there was never a black hole there at all.

Alternative models for the supermassive dark objects in galactic centers, formed by self-gravitating
non-baryonic matter composed of fermions and bosons, are widely discussed in literature.
According to WUM, the heaviest macroobjects include high-density preon plasma and sterile
neutrinos shells around their cores:

e Macroobjects with a cold preon shell emit strong radio waves. Such objects are good
candidates for the compact astronomical radio sources at centers of galaxies like Sagittarius
A* in the Milky Way Galaxy [Wikipedia, Sagittarius A*].

e Red Giants are macroobjects with hot preon shells.

e Blazars are members of a larger group of active galaxies that host active galactic nuclei
(AGN). They are macroobjects with hot preon and sterile neutrinos shells.

e Quasars are the most energetic and distant members of AGN. They are macroobjects with
very hot preon and sterile neutrinos shells.

o Seyfert galaxies are one of the two largest groups of AGN, along with quasars. They have
quasar-like nuclei, but unlike quasars, their host galaxies are clearly detectable. Seyfert
galaxies account for about 10% of all galaxies [Wikipedia, Seyfert galaxy].
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Note that the temperature of preon and sterile neutrinos shells depends on the composition of the
macroobject core. Macroobjects whose cores are made up of WIMPs and preons remain cold.
Macroobjects with cores made up of WIMPs and WDS produce hot preon and sterile neutrino shells.
MO whose cores consist of neutralinos and WDS have very hot preon and sterile neutrino shells.

The mass of an AGN is about 7-11 orders of magnitude larger than the mass of the Sun.
The radius of an AGN is about 4-7 orders of magnitude larger than the radius of WDS (see Table 2).
The area of the closed spherical surface around the AGN is 8-14 orders of magnitude greater than
the surface area of WDS. Luminosity of the AGN is then 8-14 orders of magnitude higher than the
luminosity of the Sun. This take on an AGN explains the fact that the most luminous quasars radiate
at a rate that can exceed the output of average galaxies, equivalent to two trillion (2x1012) suns
[Wikipedia, Quasar].

To summarize, macroobjects of the World have cores made up of DM particles. The cores are
surrounded by shells made up of DM and baryonic matter. Every macroobject consists of all
particles under consideration that are present in the same proportion as they exist in the World’s
Medium. No compact stars are made up solely of DM fermionic particles, for instance.

3.8. DARK MATTER SIGNATURES IN GAMMA-RAY SPECTRA

Large number of papers has been published in the field of X-ray and gamma-ray astronomy. The
X-ray and gamma-ray background from < 0.1 keV to = 10 TeV has been studied using high spectral
and spatial resolution data from different spectrometers. Numerous papers were dedicated to Dark
Matter searches with astroparticle data (see reviews [63-72] and references therein).

Dark Matter annihilation is proportional to the square of the DM density and is especially efficient
in places of highest concentration of dark matter, such as compact stars built up from fermionic
dark matter particles (see Section 3.7).

Recall that no macroobjects are made up of just a single type of DM particles, since other DM
particles as well as baryonic matter are present in the shells. It follows that macroobjects cannot
irradiate gamma rays in a single spectral range. On the contrary, they irradiate gamma-quants in
different spectral ranges with ratios of fluxes depending on structure of a given macroobject.

The models of DM annihilation and decay for various types of macroobjects (galaxy clusters,
blazars, quasars, Seyfert galaxies) are well-developed. Physicists working in the field X-ray and
gamma-ray astronomy attempt to determine masses of DM particles that would fit the experimental
results with the developed models.

WUM predicts existence of DM particles with 1.3 TeV, 9.6 GeV, 70 MeV, 340 keV, and 3.7 keV
masses. We will look for signs of annihilation of these particles in the observed gamma-ray spectra.
We connect gamma-ray spectra with the structure of macroobjects (core and shells composition).
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3.8.1. NEUTRALINO 1.3 TEV

J. Holder has this to say about TeV Gamma-ray Astronomy: “The mechanisms which drive the high
energy emission from blazars remain poorly understood, and a full discussion is beyond the scope of
this review. Briefly; in leptonic scenarios, a population of electrons is accelerated to TeV energies,
typically through Fermi acceleration by shocks in the AGN jet. These electrons then cool by radiating
X-ray synchrotron photons. TeV emission results from inverse Compton interactions of the electrons
with either their self-generated synchrotron photons, or an external photon field. The strong
correlation between X-ray and TeV emission which is often observed provides evidence for a common
origin such as this, although counter examples do exist” [73].

R.C.G. Chaves, et al. have this to say about Extending the H.E.S.S. Galactic Plane Survey:
“Approximately 100 VHE y -ray sources have now (2009) been discovered [75-79]. Over two-thirds of
these sources are located in our Galaxy. VHE vy -rays carry information about the most extreme
environments in the local Universe, and although a significant fraction of the Galactic VHE (Very High
Energy) vy -ray sources do not appear to have obvious counterparts at other wavelengths, the majority
of them are associated with the violent, late phases of stellar evolution, e.g. supernova remnants
(SNRs), pulsar wind nebulae (PWNe) of high spin-down luminosity pulsars, and massive Wolf-Rayet
(WR) stars in stellar clusters” [74].

0. Tibolla, et al. have this to say about New Unidentified H.E.S.S. Galactic Sources: “Some of the
unidentified H.E.S.S. sources have several positional counterparts and hence several different possible
scenarios for the origin of the VHE gamma-ray emission; their identification remains unclear. Others
have so far no counterparts at any other wavelength. Particularly, the lack of an X-ray counterpart
puts serious constraints on emission models” [75].

In our opinion, this correlation between keV emission and TeV emission can be easily explained by
the annihilation of the sterile neutrinos (3.7 keV) in the shell around the core of AGN made of
neutralinos (1.3 TeV). Moreover, the TeV blazar emission should be classified as extremely-hard
X rays and not gamma rays, since by definition, X rays are emitted by electrons outside the nucleus,
while gamma rays are emitted by the nucleus.

A detailed global analysis on the interpretation of the latest data of PAMELA, Fermi-LAT, AMS-02,
H.ES.S, and other collaborations in terms of dark matter annihilation and decay in various
propagation models showed that for the Fermi-LAT and H.E.S.S. data favor m, =~ 1.3 TeV [80-83].
This value of DM particle mass equals to the neutralino mass in our Model. The mass of the
annihilating DM serves as the cutoff scale of the e spectrum. The lepton spectra must have a
cutoff energy at the DM particle mass m, .

The obtained data in [84-92] require DM mass to be around 1 to 1.5 TeV which is in good
agreement with the predicted mass of a neutralino. A. A. Abdo, et al. have this to say about Cosmic
Ray e + e~ spectrum: “The obtained spectra can be nicely fit by adding an additional component of
primary electrons and positrons, with injection spectra J(E) «< E"Yexp{—E/E.,:} with the spectral
index y of about 3 and E.,; being the cutoff energy of the source spectra. Such an additional
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component also provides a natural explanation of the steepening of the spectra above 1 TeV indicated
by the obtained data. Pulsars are the most natural candidates for such sources” [78].

In our opinion, results obtained by the CALET program are the closest to the ultimate discovery of
the first confirmed dark matter particle - neutralino. Diffuse gamma-ray results anticipated for
CALET in five years of investigations compared to the previous data and to model predictions are
depicted in Figure 1. The anticipated results are in a very good agreement with the predicted mass

of neutralino.
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The presence of spectral break at 1.3 TeV in VHE spectra was measured for different blazars
[128 - 132]. Some nearby sources, e.g. Vela, Cygnus Loop and Monogem Supernova Remnant (SNR)
have unique signatures in the electron energy spectrum in the TeV region: broken power-law at
~ 1.3 TeV [133]. The DM interpretations of the e * excesses observed by PAMELA, Fermi and ATIC
give the mass of dark matter particles 1.3 TeV [134].

As we mentioned above, pulsars are the most natural candidates for such VHE gamma-ray sources.
Wikipedia defines pulsar as a highly magnetized, rotating neutron starthat emits a beam
of electromagnetic radiation. Neutron stars are very dense, and have short, reqular rotational periods
[Wikipedia, Pulsar]. According to WUM, FCS made up of strongly interacting neutralinos and WIMPs
have maximum mass and minimum size which are exactly equal to parameters of neutron stars (see
Table 1 and 2). It follows that pulsars might be in fact rotating Neutralino stars and WIMP stars
with different shells around them.

The cores of such pulsars may also be made up of the mixture of neutralinos (1.3 TeV) and WIMPs
(9.6 GeV) surrounded by shells composed of the other DM particles: DIRACs (70 MeV), ELOPs
(340 keV), and sterile neutrinos (3.7 keV). Annihilation of those DM particles can give rise to any
combination of gamma-ray lines. Thus the diversity of VHE gamma-ray sources in the World has a
clear explanation in frames of the World - Universe Model.
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3.8.2. WIMP 9.6 GEV

In his review “Empirical Case for 10 GeV Dark Matter,” Dan Hooper summarized and discussed the
body of evidence which has accumulated in favor of dark matter in the form of approximately
10 GeV particles, including “the spectrum and angular distribution of gamma rays from the Galactic
Center, the synchrotron emission from the Milky Way's radio filaments, the diffuse synchrotron
emission from the Inner Galaxy (the "WMAP Haze") and low-energy signals from the direct detection
experiments DAMA/LIBRA, CoGeNT and CRESST-II. Dan Hooper finds that gamma-ray signal
observed from the Galactic Center is consistent with 7-12 GeV dark matter particles annihilating
mostly to leptons” [93]. Dan Hooper and Lisa Goodenough estimated Dark Matter Annihilation in the
Galactic Center and found that it fits into 7-10 GeV range [94].

In “EGRET Observations of the Extragalactic Gamma Ray Emission”, P. Sreekumar, et al. provide a
graph of the all-sky observations in high-energy gamma rays from 30 MeV to 100 GeV (see Fig. 2).
EGRET data on diffuse gamma-ray background show visible peaks around 70 MeV and 10 GeV.
10 GeV peak is consistent with annihilation of WIMPs. 70 MeV peak corresponds to annihilation of
DIRACs (see Section 3.8.3).

E? dJ/dE (ke V/(cm
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10° 100 107
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Figure 2. Multiwavelength spectrum of the extragalactic gamma rays; spectrum from X rays to
high-energy gamma rays. The estimated contribution from Seyfert 1 (dot-dashed), and Seyfert 2
(dashed) are from the model of Zdziarski (1996); steep-spectrum quasar contribution (dot-dot-
dashed) is taken from the paper of Chen et al. (1996); Type la supernovae (dot) is from the paper of
Leising and Clayton (1993). The blazar contribution below 4 MeV (thin long dashed) is derived
assuming the average blazar spectrum breaks around 4 MeV (McNaron-Brown, et al. 1995) to a
power law with an index of ~-1.7. The thick solid line indicates the sum of all the components.
Figure adapted from [95].

Based on EGRET observations, P. Sreekumar, et al. attribute the high-energy gamma ray emissions
to blazars. “Most of the measured spectra of individual blazars only extend to several GeV and none
extend above 10 GeV, simply because the intensity is too weak to have a significant number of photons
to measure” [95]. WUM proposes that cores of blazars are composed of annihilating WIMPs (9.6
GeV), explaining why no observed radiation extends above 10 GeV.

31



The results of gamma-ray emission between 100 MeV to 10 GeV detected from 18 globular clusters
in our Galaxy are also in a good correlation with the predicted mass of WIMPs. The gamma-ray
spectra are generally described by a power law with a cut-off at a few GeV (1.4 - 7.1 GeV) [96, 97].

The DAMA/LIBRA, CoGeNT, CRESST-II, CDMS-II collaborations conduct direct detections of DM
particles by nuclear recoils due to the elastic scattering of DM particles. The closest result to the
predicted mass of WIMPs was obtained by CDMS-II collaboration which has reported 3 events in Si
detector that are consistent with being nuclear recoils due to scattering of Galactic dark matter
particles. An 8.6 GeV DM particle is deemed most probable [98].

Based on its core assumptions, WUM analytically predicts WIMPs to possess the mass of 9.6 GeV.
A large number of experimental results seem to converge to a number in the neighborhood of 10
GeV, providing additional support to WUM.

3.8.3. DIRAC 70 MEV

C. Boehm, P. Fayet, and ]. Silk propose a way “to reconcile the low and high energy signatures in
gamma-ray spectra, even if both of them turn out to be due to Dark Matter annihilations. One would
be a heavy fermion for example, like the lightest neutralino (> 100 GeV [100]), and the other one a
possibly light spin-0 particle (~ 100 MeV [100]). Both of them would be neutral and also stable as a
result of two discrete symmetries (say R and M-parities)” [99].

According to WUM, the two coannihilating DM particles are

e Neutralino (1.3 TeV) - a heavy fermion, and
e DIRAC (70 MeV) - a light spin-0 boson.

In Section 3.8.1 we discussed the observations of gamma rays in the very high-energy (> 100 GeV)
domain [80-92] which are consistent with self-annihilating neutralino. In Section 3.8.2 we showed
multiwavelength spectrum of the extragalactic gamma rays (Fig. 2) and mentioned the 70MeV peak.

S. D. Hunter, et al. discuss a “pion bump” centered at 67.5 MeV: “Below about 100 MeV, gamma rays
produced via electron bremsstrahlung are the dominant component of the observed spectrum,
whereas, above about 100 MeV, the gamma-rays from w° decay, which form the broad “pion bump”
centered at 67.5 MeV, are the dominant component of the spectrum. The “pion bump *“, clearly visible
in this spectrum, is the only spectral feature in the diffuse gamma ray emission in the EGRET energy
range” [101]. 70 MeV peak in EGRET data was discussed by Golubkov and Khlopov [102]. They
explained this peak by the decay of m°-mesons, produced in nuclear reactions. B. Wolfe, et al. said
that gamma rays at 70 MeV are notably detectable by GLAST and EGRET [103].

Another example of 70 MeV peak in the emission spectrum from an old supernova remnant (SNR)
is shown in Figure 3. R. Yamazaki, et al. attribute the peak to m°-decay: “When the SNR age is
around 105 yrs., proton acceleration is efficient enough to emit TeV y-rays both at the shock of the SNR
and that in the giant molecular cloud (GMC). The maximum energy of primarily accelerated electrons
is so small that TeV y-rays and X-rays are dominated by Hadronic processes, m°-decay and
synchrotron radiation from secondary electrons, respectively” [104, 105].
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Figure 3. Spectrﬁm of a single supernova remnant (SNR) with an age 1x103 years that stores
energy, 1050 ergs, of high-energy protons. Figure adapted from [105].

Note that whenever the 70 MeV peak appears in gamma-ray spectra, it is always attributed to pion
decay. We claim that m° decay produces a 67.5 MeV peak, while DIRAC annihilation is responsible
for 70 MeV peak. Observation of the two distinct peaks is complicated by the broadness of the
observed “pion bump”. We suggest utilization of exponentially cutoff power-law for analysis of
experimental data for gamma-ray energies < 70 MeV. A better fit of experimental data will be
evidence of DIRAC annihilation. DIRAC is a spin-0 boson with 70 MeV mass.

In our opinion, the DIRAC may indeed be the so-called U boson, target of intense search by the
scientific community [106-111]. Note that the mass of DIRAC proposed by WUM - 0.07GeV /c? -
falls into the mass range of U boson: My = 0.02 — 0.1 GeV /c?.

3.8.4. ELOP 340 KEV

An ELOP is a spin-0 boson with 340 keV mass. Existence of DM particles of similar masses has been
discussed by Y. Rasera, et al.: “The diffuse gamma-ray background depends on three main quantities.
The first is the annihilation cross-section: we are going to explore two extreme cases: S-wave and P-
wave. The second ingredient is the dark matter mass density profile: we are going to test peaked
distributions (Moore, c=15) and shallow ones (NFW, c=15). The last unknown quantity is the dark
matter particle mass m,, . Both the NFW S-wave case and the Moore P-wave reproduce the total flux
of the bulge 511 keV emission with reasonable Dark Matter particle mass of the order of m, =
100 MeV and m, = 1 MeV respectively. On the opposite, the NFW P-wave case would require masses
(m, < 0.42 MeV) so small that they are unable to produce 511 keV photons” [112].

The theoretical NFW P-wave case with mass m, < 0.42 MeV discussed above is in good agreement

with the experimental 100-400 keV “bump” [113] and with annihilating ELOPs with mass 340 keV
proposed in our Model. In our view, there are two coannihilating DM particles at play that explain
these bumps:

e  WIMP (9.6 GeV) - a heavy fermion, and
e ELOP (340 keV) - a light spin-0 boson.
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The extragalactic background spectrum between 1 keV and 10 GeV is presented in Figure 4 that
shows a visible “bump” around 4 keV (see Section 8.3.5) and in the 100 - 400 keV range.
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Figure 2. The high-energy extragalactic background spectrum from up-to-date measurements. The crosses marked by filled circles below
5 keV show the ASCA data as given by Gendreau (1995). The ASCA spectrum includes a Galactic contribution, significant below 1 keV. The
spectral feature at ~2keV is of instrumental origin. Crosses in the 3-100 keV range are from HEAO-1 A2 and A4 LED measurements
(Gruber 1992; see also Marshall et al. 1980; Rothschild et al. 1983). The data marked by open triangles and open circles are from HEAO-1
A4 MED (Kinzer et al. 1996), and Nagoya balloon (Fukada et al. 1975) measurements, respectively. Note that both the ASCA and HEAO-1
A4 MED data suggest that the normalization of the HEAO-1 A2/A4 LED spectrum is somewhat underestimated. The bold crosses in the
0.8-30 MeV) range are from COMPTEL (Kappadath et al. 1995), and the filled squares denote the data from EGRET (Sreekumar et al., in
preparation).

Figure 4. Extragalactic background spectrum inspired by Figure 2 of A. A. Zdziarski [113].

D. E. Gruber, et al. describes a wide gamma-ray diapason as a sum of three power laws: “Above 60
keV selected data sets included the HEAO 1 A-4 (LED and MED), balloon, COMPTEL, and EGRET data.
The fit required the sum of three power laws, the flattest of which largely characterizes the EGRET
observations (it ignores a likely “ripple” at 70 MeV), and the next steeper, with index 1.58, may be said
to represent the spectrum between 70 keV and 1 MeV. The steepest component, with index 5.5, is
almost certainly only a numerical necessity for matching to the lower energy spectrum and its
derivative, and represents nothing physical” [114].

According to our Model, the fit of the total diffuse spectrum in the range between 3 keV and 10 GeV
should be performed based on three exponentially cutoff power-laws with injection spectral
J(E) < E"Yexp{—E/E_.,:} with the spectral index y and E_,; being the cutoff energy of the source
spectra. For values of E.,;, we should use

e 9.6 GeV (annihilating WIMPs) in the 9.6 GeV - 70 MeV range;
e 70 MeV (annihilating DIRACs) in the 70 MeV - 340 keV range;
e 340 keV (annihilating ELOPs) in the 340 keV - 3.7 keV range.

The fit in the range between 9.6 GeV and 1.3 TeV should be done with E_,; = 1.3 TeV, which equals
to the mass of a neutralino.
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3.8.5. STERILE NEUTRINO 3.7 KEV

The Wikipedia overview of a sterile neutrino suggests the possibility of it being a Majorana fermion:
Unlike for the left-handed neutrino, a Majorana mass term can be added for a sterile neutrino without
violating local symmetries (weak isospin and weak hypercharge) since it has no weak charge.
However, this would still violate total lepton number. It is possible to include both Dirac and Majorana
terms: this is done in the seesaw mechanism. In addition to satisfying the Majorana equation, if the
neutrino were also its own antiparticle, then it would be the first Majorana fermion [Wikipedia,
Sterile neutrino].

The very first signature of the emission around 3.7 keV was found in 1967 by P. Gorenstein,
R. Giacconi, and H. Gursky. In their “The Spectra of Several X-ray Sources in Cygnus and Scorpio”
paper they analyzed the counting rate in the 2 - 5 keV range and found that “the sources GX-10.7,
+9.1, +13.5, and +16.7 are qualitatively different from Sco X-1, Cyg X-1 or Cyg X-2 in that the highest
number of net counts is recorded in the bin centered at 3.75 keV” [115].

An important result was obtained by S. Safi-Harb and H. Ogelman in 1997. In the “ROSAT and ASCA
Observations of W50 Associated with the Peculiar Source SS 433” paper they reported that “the
observations of the X-ray lobes of the large Galactic source W50 [are] associated with the two-sided
jets source SS 433. They noted that a continuum model (power law or thermal bremsstrahlung) plus a
Gaussian improves the fit to region w2 slightly. However, a broken power-law model gives the best fit.
The power-law indices are 1.9 and 3.6, with the break occurring at 3.7 keV. This result is also close to
our findings for the spectral fitting of region e2 in the eastern lobe, except that the spectrum from the
western lobe is softer” [116].

T. Itoh analyzed the broad-band (3.0-50 keV) spectra of NGC 4388 in his PhD Thesis “Suzaku
Studies of Time Variable X-ray Spectra of Edge-On Active Galactic Nuclei” (2007). He wrote: “The
ionized iron absorption line indicates the presence of an ionized reprocessing material in the line of
sight, as well as the cold matter. At this point, there still remained line like residuals around 3.7 keV
and 4.0 keV. We included two more Gaussians at these energies, to find that they are significant at
similar levels as above” [117].

A. M. Bykov, et al. confirm the 3.7 keV peak in their “Isolated X-ray - infrared sources in the region
of interaction of the supernova remnant IC 443 with a molecular cloud”: “The nature of the extended
hard X-ray source XMMU J061804.3+222732 and its surroundings is investigated using XMM-Newton,
Chandra, and Spitzer observations. The X-ray emission consists of a number of bright clumps
embedded in an extended structured non-thermal X-ray nebula larger than 30" in size. Some clumps
show evidence for line emission at ~ 1.9 keV and ~ 3.7 keV at the 99% confidence level. A feature at 3.7
keV was found in the X-ray spectrum of Src 3 at the 99% confidence level” [118].

R. Fukuoka, et al. observed the peak as well: “We found two line-like residuals at ~ 3.7 keV and ~ 3.0
keV. We therefore added two narrow Gaussians for these lines, and then obtained a nice fit. The first
line was surely detected with ~ 3o significance” [119]. In 2012, A. Moretti, et al. measured the diffuse
gamma-ray emission at the deepest level and with the best accuracy available today [120]. An
emission like around 3.7 keV is clearly visible in Figure 5:
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Figure 5. The energy channel (PI) distribution of the XPT unresolved emission (black) compared
with the instrument background (red). In this plot PI channels have been transformed in energy
using a single value and not the RMF matrix. The Figure adapted from [120].

3.8.6. CONCLUSION

® Emission lines of 1.3 TeV, 9.6 GeV, 70 MeV, 340 keV, and 3.7 keV, can be found in spectra of
the diffuse gamma-ray background radiation and various macroobjects of the World in
different combinations depending on their structure.

® The diffuse cosmic gamma-ray background radiation in the < 1.3 TeV range is the sum of
the contributions of multicomponent self-interacting dark matter annihilation.

® The total cosmic-ray radiation consists of gamma-ray background radiation plus X-ray
radiation from the different highly ionized chemical elements in the hot areas of the World
and is due to various electron processes such as synchrotron radiation, electron
bremsstrahlung, and inverse Compton scattering.

3.9. GRAND UNIFIED THEORY

At the very Beginning (Q=1) all extrapolated fundamental interactions of the World - strong,
electromagnetic, weak, Super Weak and Extremely Weak (proposed in WUM), and gravitational -
had the same cross-section of m2a3 ,and were characterized by the Unified coupling constant:

aU=aS=0(EM=0(W=0(SW=0(EW=aG=1 3.9.1

At that time, the extrapolated energy density of the World p., was
hc J
Pero = 33 = 6.0638901 X 103° =3 3.9.2

which is four orders of magnitude smaller than the nuclear energy density p,,. :

Mp

Pruc = C2)* 22 = 6.5151805 x 103 L 3.9.3

mo
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The average energy density of the World has since been decreasing and its present value is given by
Per = Pero X Q71 =7.9775 x 10710 L 3.9.4

The gravitational coupling parameter a; is similarly decreasing:

a;=0Q ' « t71 3.9.5
The weak coupling parameter is decreasing as follows:

ay = QV* o« t71/4 3.9.6
The strong and electromagnetic coupling parameters remain constant in time:

as=agy =1 3.9.7

The difference in the strong and the electromagnetic interactions is not in the coupling parameters
but in the strength of these interactions depending on the particles involved: electrons with charge

e and monopoles with charge u = % in electromagnetic and strong interactions respectively.

The super weak coupling parameter agy,, and the extremely weak coupling parameter agy,
proposed in our Model are decreasing as follows:

gy = Q7Y% o« t71/2 3.9.8

agy = Q73/* o« t73/4 3.9.9
According to WUM, the super-weak interaction has coupling strength ~ 1071° times weaker than
that of weak interaction. The possibility of such ratio of interactions was discussed in the developed
theoretical models explaining CP and Strangeness violation [121-124]. Super-weak and Extremely-
weak interactions provide an important clue to physics beyond the standard model.

The World - Universe Model is the first unified model of the World that successfully describes all of
its primary parameters and their relationships, ranging in scale from cosmological structures to
elementary particles. The Model allows for precise calculation of values that were only measured
experimentally earlier (age of the World, MBR temperature, etc.), and makes verifiable predictions.
While the Model needs significant further elaboration, it can already serve as a basis for a new
Physics proposed by Paul Dirac in 1937.

Acknowledgements: [ am very grateful to Felix Lev, my life-long friend, and my son Ilya
Netchitailo for valuable stimulating discussions of 4-D Model.
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