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The sciences do not try to explain, they hardly even try to
interpret, they mainly make models. By a model is meant a
mathematical construct, which, with addition of certain verbal
interpretations describes observed phenomena. The justification
of such a mathematical construct is solely and precisely that it is
expected to work.

John von Newmann

ABSTRACT

World - Universe Model is based on the following primary assumptions:

e The World is finite and is expanding inside the Universe with speed equal to the
electrodynamic constant c. The Universe serves as an unlimited source of energy
that continuously flows into the World through the boundary.

e Medium of the World, consisting of protons, electrons, photons, neutrinos, and dark
matter particles, is an active agent in all physical phenomena in the World.

e 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.

The World - Universe Model explains experimental data accumulated in the field of
Cosmology 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 black body radiation of cosmic dust; fractal structure of the World and its evolution;
World expansion and cosmological redshift. Additionally, the Model makes predictions
pertaining to masses of dark matter particles, photons, axions, and neutrinos; proposes
new types of particle interactions and the fundamental physical parameters of the World;
and resolves paradoxes like “Matter - Antimatter Asymmetry” and “Faint Young Sun”.

Keywords: Fractal Cosmology; World - Universe Model; Fine-Structure Constant; Dark
Matter; Microwave Background Radiation; Maxwell-Lorentz Equations; Dirac’s Equations;
Fractal Particle Structure; Grand Unified Theory
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1. INSTEAD OF AN INTRODUCTION

In science one tries to tell people, in such a way as to be
understood by everyone, something that no one knew before.

Paul Dirac

[ am a Doctor of Sciences in Laser Physics, specializing in interaction of laser radiation with
matter. I belong to the school of physicists established by Alexander Prokhorov - Nobel
Prize Laureate in Physics and co-inventor of masers and lasers. Most of my past papers
were published under V.S. Nechitailo alias.

[ have been developing the World - Universe Model for over 10 years, and am now
presenting it for the first time in this Review.

A number of ideas presented in this paper are not new, and I don’t claim credit for them. In
fact, several ideas belonging to classical physicists such as Tesla, Dirac, McCullagh, and
Bjerknes, are examined in a new light. The World - Universe Model unifies and simplifies
existing theories and results in Cosmology into a single coherent picture.

World - Universe Model, at its present state, requires significant further elaboration and
validation. I welcome criticism of the overall Model and individual ideas underpinning it.

The Model is developed around two fundamental parameters: Fine-Structure Constant «,
and dimensionless quantity Q. While a is a constant, Q increases with time, and in fact
defines the size and the age of the World.

Intermediate results in subsequent analysis will often be obtained using classical notions
and parameters. All final formulas, however, will be expressed in terms of a and Q in
various rational exponents, as well as small integer numbers and 7.

Numerical values are provided in SI for convenience. a-dependent quantities are
calculated to 8 significant digits, and Q-dependent quantities - to 5 significant digits.

We will use & symbol to describe ranges of values.



2. COSMOLOGY

2.1. THE BEGINNING

”

The Big Bang is a mythical “creation event”, before that there
was nothing. Can we really believe in nothing turning to
something out of the blue? Where did all that energy for the
rapid expansion of the Universe and the forming of Galaxies and
such come from?

0.A.van den Berg

In the beginning, there was nothing but the Universe - unlimited field of energy. Our World
was started by a fluctuation in the Universe, and the Core of the World was born. The
World has since been expanding through the Universe, consuming energy as the World -
Universe boundary advances.

The World is expanding with speed equal to electrodynamic constant ¢ for time t, and has
the radius of R = ct. Subsequently, we will refer to the moving World - Universe
boundary as the Front.

The Front has a temperature invariant surface enthalpy o¢,. Generation of particle -
antiparticle pairs is occurring at the Front due to high surface energy density of the
Universe. Antiparticles remain at the Front, and particles continue on into the World. In
other words, all antimatter is concentrated at the Front, and equal amount of matter exists
in the World, resolving the long-standing “Matter - Antimatter Asymmetry” paradox.

Amount of energy added to the World is proportional to the increase of the area of the
Front. The total amount of the World energy is thus

Ey = 4mR%a, 2.1.1

The energy density of the World py, is inversely proportional to the radius of the World R:

30'0

pw = =2 2.1.2



2.2. TIME VARYING PARAMETERS

Recall the well-known equation for the critical energy density of the World p,,:

por = 2iC 2.2.1
where H, is the Hubble parameter:

Hy= 7= 2.2.2
Equation 2.2.1 can be rewritten as

‘*CLZGXEPWZ HZ = ;_z 2.2.3

The principal idea of our Model is that the energy density of the World py,, equals to the
critical energy density p.,:

30'0

Per = Pw = — & 2.2.4

x|~

We see that the gravitational parameter G is also proportional to Rl and is decreasing in

timeas G « % This property of gravitational parameter ¢ was originally hypothesized
by Paul Diracin 1937.1

1
Since Mz% =2’:T—CG, the Planck mass M, is proportional to tz, and the Planck length
Lp = s proportional to t~2, where h isthe Planck constant.

Mpc

2.3. THE SIZE AND THE AGE OF THE WORLD

Let’s introduce a dimensionless time-varying quantity Q:

Q==& 2.3.1

2mag a

where a, is the classical electron radius and a is the radius of the World’s Core at the
Beginning (Q=1):

a = 2ma, = 1.7705645 x 107 * m 2.3.2

Let us additionally introduce a basic unit of time ¢:

t, == =15.9059674 x 1023 s 2.3.3

Cc

1P. A. M. Dirac, Nature 139, 323 (1937).
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We will subsequently use a as the basic unit of measure of length and ¢, - as the unit of
time. Quantity Q is then the radius of the World measured in terms of a.

Let's introduce a length parameter L, that is the geometric mean of the World’s current
radius R and its Core radius a:

L, = VaR 234

In our Model, L is a basic unit of measure of macroobjects size (see Section 2.10), and it
satisfies the following equation:

2LyLp = a? 2.3.5

The radius of the World R is then

3

szT%J:axQ 2.3.6

Substituting values of a and Lp into 2.3.6 we obtain:
R =1.3459 x 10%* m 2.3.7

We can now calculate the age of the World A, at current time t:
Ag = == 44894 X 10V s =

= 14.226 billion years(By) 2.3.8

The age of the World calculated based on the gravitational parameter G (14.226 By) is
somewhat greater than the commonly adopted value of 13.772 By.

Calculating the value of Hubble parameter H, based on A;, we obtain

Hy == = 22275 x 10718 571 = 68.733 ’;Z)/CS
t

2.3.9

which is in good agreement with H, = 69.32 + 0.8 ijlp/: obtained using WMAP data
[Wikipedia, Hubble’s Law].

From 2.3.6 we calculate the value of the dimensionless parameter Q:
Q = 0.76014 X 10%° 2.3.10

Parameter (@ defines both the size and the age of the World: radius of the World
R = a X Q, and age of the World A; = §= to X Q.



2.4. CRITICAL ENERGY DENSITY, GRAVITATIONAL PARAMETER, FRONT
SURFACE ENTHALPY

The gravitational parameter G equals to

_ L%c* _ ac* x Q-1 =
2mhc 8mhc

= 6.6726 X 1071t m3kg~1s~2 2.4.1

Using equation 2.2.3 we calculate the value of critical density p.,:

3h _ _
pcrza_folzpcronlz
— 7.9773 x 10-10 # 2.4.2

Pero is the energy density of the World at the Beginning:
Pero = 3pg = 6.0638901 x 103° # 2.4.3

Po is the basic unit of energy density:

po = =5 = 2.0212967 x 10%° L, 2.4.4

at
The gravitomagnetic parameter of the World’s Medium p, is

AmG 2¢c2 _ _ -
yng—zz%lez(Zpotg)lel 2.4.5

and the gravitoelectric parameter of the Medium ¢, is

1
& =7 2.4.6

The surface enthalpy of the World - Universe Front is

1
0o = 2% = (p3Eo) = 3.5788363 x 101° L 247

a

The total energy of the World Ej, atcurrenttime t then equals to

2 2
EW = 41‘[23h€ = 4'7TE0 X QZ = 4'7TEO (f_;) =
= 8.1464 x 10%9 ] 2.4.8

where basic energy unit E, equals to

Ey = R = 1.1219288 x 10711 ] = 70.025267 MeV 2.4.9

a



The proportionality of total energy in the World to its age squared (Ey,, « A?) was also
hypothesized by Paul Dirac. 1

In our Model, Length, Time, Energy, and Energy Density are measured in units of basic
length a, time t,, energy E,, and energy density p, respectively. All other physical
characteristics are calculated in terms of these basic units.

Plugging the values of G and Ej, into the formula of Schwarzschild radius,

2GEy _ 2 a’c*
c*  c*8rhe

Rey = x Q-1 x 47‘[% x 0% = R 2.4.10

we conclude that the World is a black hole.

The hypothesis that the universe may not only be a closed structure (as perceived by its
inhabitants at the present epoch) but may also be a black hole, confined to a localized region
of space which cannot expand without limit was proposed by Raj Pathria in 1972.2 In our
Model, the World expands in the Universe without limit, because the Universe is an
unlimited source of energy.

Residing inside of a black hole, we can conduct no observations of the outside Universe,
and learn nothing about its characteristics. We can only observe and measure the
Universe’s interaction with the World that occurs at the World - Universe Front: the
temperature invariant surface enthalpy a,.

2.5. MICROWAVE BACKGROUND RADIATION

In our Model, the World consists of stable elementary particles with lifetimes longer than
the age of the World. Protons with mass m,, and energy E, = mpc2 and electrons with
mass m, and energy E. = aE, have identical concentrations in the World: n, = n,,
where E; isthe basicenergy and « is the fine-structure constant.

Low density plasma consisting of protons and electrons has plasma frequency w,;:

c? = 2n,ac? 2.5.1
2TmecC

where e is the elementary charge and ¢, is the permittivity of the Medium.
Let's choose w,,; that satisfies the following equation:

1
Wy = 22 _Tey o1y 073 2.5.2
14

1= —
p mp Lg m

2 R. K. Pathria, Nature, 240, 298 (1972).
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w,z,l is then proportional to Q7. Energy densities of protons and electrons are then

proportional to %,similar to the critical energy density p., % (2.2.4).

Since the formula calculating the potential energy of interaction of protons and electrons
contain the same parameter k,:

2
2
kpe = mpwl; = m, (ngc) 2.5.3
me [ 21C 2
we substitute wgl =m—e(L—) into 2.5.1 and calculate concentrations of protons and
p \ g
electrons:
_ _2m?me 1
Ny, =N = Fm_p X Q 2.5.4

pp = nyE, is the energy density of protons in the Medium. The relative energy density of

protons (2, is then the ratio of Lo,

Pcr
0 =Pr 2P _ (048014655 255
p Pcr 3

The above value is in good agreement with estimations of baryonic matter in the World
2, = 0.046 [Wikipedia, Dark Matter].

From equations 2.5.1 and 2.5.4 we obtain the value of the lowest radio-wave
frequency vp;:
_ Wpl _ Me Z -1 - _
Vpr =5 - = (mp)zto X Q z2=4.5322Hz 2.5.6
Note that this value is close to the low limit of the standard Extremely low frequency band
3 & 30 Hz [Wikipedia, Radio Spectrum)].

Substituting radius of the World R obtained in 2.3.6, we use equation 2.5.4 to calculate
the proton and electron concentrations in the Medium:

2
n, =n, = 8n% 2eL2 = 025480 m~3 2.5.7

p— mp a
which is in good agreement with their estimated concentration in the intergalactic medium

n, = 0.25m™* [Wikipedia, Outer space].

pe = N E, isthe energy density of electrons in the Medium. The relative energy density of
electrons (2, is then the ratio of PLe.,

Pcr



0, = Pe _ana&
= — =
Pcr 3 my

2.5.8

Let’s assume that the energy density of Microwave Background Radiation pypr is twice
larger than p, (due to two polarizations of photons):

85 kj
pMBR == 4‘7-[ a_p X Q 1= EﬁT&BR 2.5.9

where kg is the Boltzmann constant and Tz is MBR temperature.

We can now calculate the value of Ty gg:

15a me

Tusr = 1> (g ) X Q7% = 2.7250 K 2.5.10
B

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

At the Beginning of the World, the extrapolated value of Tyggro at Q =1 is
Typro = 2.1927 MeV = 2.5445x1010 K 2.5.11
Note that Tygro is significantly smaller than values commonly discussed in literature.

Let’s proceed to calculate the value of Typr at different Ages of the World A;:

Age Typr
1s 6.0785eV=70,537 K
108s = 3.2y 705.37 K
1016 s = 0.32 By 7.0537 K
3x1017 s = 9.6 By (birth of Solar system) 3.0140K
4.49x1017 s = 14.23 By (present) 2.7250 K

Observe that practically all macroobjects - galaxies, stars, planets, etc. - have arisen in a
cold World. Our Solar system, for instance, was created when the temperature of MBR was
about 3 K. Therefore, any Model describing creation of macroobjects must hold true in
cold World conditions.

10



2.6. MASS VARYING PHOTONS, SPEED OF LIGHT

Photons with energy smaller than E,, = hvy,, 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'll name it axion), whose frequency-independent effective “rest mass”
equals to

1 1
mg = Eg/c? = (Z—;)Emo X Q72 =3.6680 X 1072, =

= 1.8743 x 107 * eV /c? 2.6.1

where E, is a rest energy of the axion and m,, is a basic unit of mass that equals to
my = f—g = 70.025267 MeV /c? = 1.2483143 x 10728 kg 2.6.2

The calculated mass of an axion is in agreement with m,~ 107%eV /c? discussed by C.
Csaki et al 3, and with experimental checks of Coulomb’s law on photon mass my,. A null
result of such an experiment has set a limit of my, S 107** eV /c?. If the photon mass is
generated via the Higgs mechanism then the upper limit of my,, S 107** eV/c? from the
test of Coulomb’s law is valid [Wikipedia, Photon].

Energy of an axion moving with a group velocity vy, is given by

hvy;

E,(vgr) = 2.6.3
v2
Taking into account the dispersion relation for plasma:
VgrVpn = C? 2.6.4

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

2

ny = |1—2 2.6.5

v2

from equation 2.6.4 it follows that

vir _ 4 _ Yt 2.6.6

cz v?2
and we calculate moving axion energy E,(v,) to be

Eq(vgr) = hv = Epp, 2.6.7

3 C. Csaki, N. Kaloper, and ]. Terning (2001), arXiv: hep-ph/0112212.
11



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, = hv,; and total
energy Ep, = hv. In most cases v > v, and practically all of the photon’s energy is
concentrated in the axion’s coat that is the part of the Medium surrounding the axion.
Axions are fully characterized by their four-momentum.

Rest energy of the axion is decreasing with time: E, « t_% (see 2.6.1), and total energy
remains constant (2.6.7).

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.

2.7. MASS VARYING NEUTRINOS, DISTRIBUTION OF THE WORLD’S ENERGY
DENSITY

[t is now established that there are at least three different types of neutrinos: electronic v,,
muonic vy, and tauonic v;, and their antiparticles. Pontecorvo and Smorodinskii

discussed the possibility of energy density of neutrinos exceeding that of baryonic matter. #
Neutrino oscillations imply that neutrinos have non-zero masses.

Let’s take neutrinos masses m,, , m,, , m,_ thatare near
e n T

1
m, =myXQ +=75x%x10"3eV/c? 2.7.1

Their concentrations n, are then proportional to

1 2
TlvOCgXQ 4—L—3 2.7.2
F

where Fermi length parameter Ly

1

Lp =axQ2 2.7.3

is a characteristic of neutrino density (2.7.2), and also of critical energy density:

3h
Per = 2.7.4
F

4 B. Pontecorvo and Ya. Smorodinskii, Sov. Phys. JETP, 14, 173 (1962).

12



s : : _ 1.
Energy densities of neutrinos are proportional to Q~!, and consequently to —. since

critical energy density p., is proportional to %.

Experimental results obtained by M. Sanchez 5> show v, — v, ; neutrino oscillations with
parameters given by

23x1075eV?/c* < Am?,, < 9.3 x 107> eV?/c* 2.7.5
and v, — v; neutrino oscillations with parameters
1.6 X 1073 eV?/c* < Am2,,, <3.9x 1073 eV?/c* 2.7.6

where Am?2,, and Am?2., are mass splitting for solar and atmospheric neutrinos
respectively.

Significantly more accurate results were obtained by P. Kaus et al ¢ for the following ratio:

2
/“m—;d = 0.16 2.7.7
Amatm

Let’s assume that muonic neutrino’s mass indeed equals to

1
m,, =m, =myxQ +=75x107°eV/c? 2.7.8

From equation 2.7.7 it then follows that
m,, = 6m, =4.5x 107 eV/c? 2.7.9

Based on equation for Fermi Coupling Parameter G (see Section 3.7),

m,, = —m, =3.1x107* eV/c? 2.7.10

e 24
Then the squared values of the muonic and tauonic masses fall into ranges 2.7.5 and 2.7.6:
mj, =56x107°eV?/c*
ms_ =2x1073eV?/c* 2.7.11

Considering that all elementary particles, including neutrinos, are fully characterized by
their four-momentum (%, Dvi):

Eyi
(2?2 = p}; = (my0)?

5 M. Sanchez, Oscillation Analysis of Atmospheric Neutrinos in Soudan 2, Dissertation, 2003.
6 P. Kaus, S. Meshkov, Neutrino Mass Matrix and Hierarchy, AIP Conf. Proc. 672,117 (2003).
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i =eWt 2.7.12

we obtain the following neutrino energy densities in accordance with theoretical
calculations made by L. D. Landau and E. M. Lifshitz 7:

8
pvi = S5 [77 P2 [p? + mPicdp =

2 4
= %’;? X F(x,;) 2.7.13

where pg is Fermi momentum,

1 1 [ 1 1
2 15 2 >
xvi(vai+1)(xvi+E)2—ln x5, (xyi+1)2

F(x,) = — ] 2.7.14
_ (_PF N2
Xvi = (m) 2.7.15
1
my; = Aimg X Q + 2.7.16
Ai=—; 16 2.7.17

Let’s take the following value for Fermi momentum pg:

2 h? h? - 2 -
pF=m=me 2= pixQ 2 2.7.18
where pZ = p—y is the extrapolated value of pr at the Beginning when Q = 1. As a
side note, the equation for surface enthalpy of the World - Universe Front o, can be
rewritten as oyal = %.

Using 2.7.13, we obtain neutrino relative energy densities (2,; in the Medium in terms of
the critical energy density p.,:

Vi 1
Qvi = % = ﬁF(yVl) 2.7.19
where
yyi = (2243t 2.7.20

7 L. D. Landau, E. M. Lifshitz, Statistical Physics, Third Edition, Part 1: Volume 5 (Course of Theoretical Physics,
Volume 5).
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It's commonly accepted that concentrations of all types of neutrinos are equal. This
assumption allows us to calculate the total neutrino relative energy density in the Medium:

Q, = Z—” = ””*’;& = 0.45801647 2.7.21

One of the principal ideas of World - Universe Model holds that energy densities of Medium
particles are proportional to proton energy density in the World’s Medium (2.5.5):

2mla

0, = . = 0.048014655 2.7.22

Let’'s take 0, = ?.Qp. We obtain

0, = 20ma = 0.45850618 2.7.23

which is close to the value calculated in 2.7.21 (the difference is = 0.1%). The slight
increase of neutrinos energy density can be attributed to the additional temperature-
dependent part of neutrinos energy density at the Medium temperature T, > O:
Ty = Tygr = 2.7250 K.

The electron relative energy density in the Medium 2, is

0, =220, 2.7.24
p

m

The sum of MBR photons, black body radiation from cosmic dust, X-rays, and Gamma rays
relative energy densities (see Section 2.9) is

8, 2
Draa = (3+2) 2 2.7.25
Dark Matter (DM) energy density in the Medium (see Section 2.9) is

Qpy =20 2.7.26

The total Medium relative energy density ,, then equals to
‘QM =~Qp+~(2e+ﬂrad +QV+‘QDM =

_ £+(£+L)ﬂ+ﬂ]gp =2 2.7.27
3 3 151/ my T 3

Let’s recall that equation 2.2.3 contains the gravitomagnetic parameter of the World’s

Medium u4 = ing multiplied by gpcr. It follows that the World’s Medium has energy

C2
. 2 . : . ,
density py = 3 Per and the remaining energy Eyo = ngTVW resides in the World’s

macroobjects (galaxies, stars, planets, cosmic dust, etc.). The World relative energy density
0y, is then

15



Qy =150, =1 2.7.28

The obtained result means that the calculated energy density of the World py, equals to
the critical energy density p., that is in accordance with the principal idea of our Model
(see Section 2.2).

The total neutrinos energy density (in the Medium and in macroobjects) equals to

Qyeor = =0 = 0.68775927 2.7.29

The total Dark Matter energy density is

Dpmior = 582, = 0.24007327 2.7.30
The total baryonic energy density (2p is

g = 1.542, = 0.072021982 2.7.31
To summarize:

e The World’s energy density is proportional to Q~%;

e The particles relative energy densities are proportional to «;

e The total neutrinos energy density is almost 10 times greater than baryonic energy
density, and about 3 times greater than Dark Matter energy density.

16



2.8. FINE-STRUCTURE CONSTANT

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

The Fine-structure constant (FSC) a is a fundamental physical constant. Wikipedia has
this to say about the FSC [Fine-structure constant]:

Arnold Sommerfeld introduced the Fine-Structure Constant in 1916, as part of his theory of
the relativistic deviations of atomic spectral lines from the predictions of the Bohr model. The
first physical interpretation of the fine-structure constant a was as the ratio of the velocity of
the electron in the first circular orbit of the relativistic Bohr atom to the speed of light in
vacuum. Equivalently, it was the quotient between the maximum angular momentum allowed
by relativity for a closed orbit, and the minimum angular momentum allowed for it by the
quantum mechanics. It appears naturally in Sommerfeld’s analysis, and determines the size of
the splitting or fine-structure of the hydrogenic spectral lines.

The fine-structure constant a has several physical interpretations. « is:

e The square of «a is the ratio between the Hartree energy (27.2 eV = twice the Rydberg
energy) and the electron rest mass (511 keV);
e The ratio of three characteristic lengths: the classical electron radius a, the Bohr

Lce

radius ag and the Compton wavelength of electron L., over 2m: ay = am

= a’ag;
e The ratio of the electromagnetic impedance of the free space g—lc = 377 (], to the
0

. h .
quantum of Resistance, — =~ 25.8 kf) is 2a, etc.
e

The Fine-structure constant a plays a central role in the World - Universe Model.

Recall that by definition, the classical radius of an electron a, is

eZ

g = W 2.8.1
Using the following equation:

e?  2maghc _ he

amey  Lee 2m 2T 2.8.2

we can conclude that a is really the ratio of the classical electron radius to the electron
Compton length over 2.

Equivalently, « is the rest mass of an electron m, measured in terms of basic units m,

17



me = = = 70.025267 MeV /c? 2.8.3

ac =
which is related to the basic energy unit Ej:
EO = mOCZ 284

Masses of all stable elementary particles of the World can be expressed in terms of m, as
follows:

m, = am,

my, = pmgy
al _1
mg = (E)zmo X Q 2

1
m, =myXQ + 2.8.5
f = 13.399053 is the ratio of proton mass m, to the basic mass m,. The ratio of the
electron mass to the proton mass can then be expressed as follows:

me _ a
my B

2.8.6

Additionally, m, plays a key role when masses of Dark Matter particles are discussed in
Section 2.9.

18



2.9. DARK MATTER PARTICLES

Dark Matter (DM) is among the most important open problems in both cosmology and
particle physics.

There are three prominent hypotheses on nonbaryonic DM, namely Hot Dark Matter
(HDM), Warm Dark Matter (WDM), and Cold Dark Matter (CDM).

The most widely discussed models for nonbaryonic DM are based on the CDM hypothesis,
and corresponding particles are most commonly assumed to be Weakly Interacting
Massive Particles (WIMPs).

A neutralino with mass my in 100 < 10,000 GeV /c? range is the leading DM candidate
[Wikipedia, Neutralino]. Light Dark Matter Particles that are heavier than WDM and HDM
but lighter than the traditional forms of CDM (neutralino) are DM candidates too. Their
masses myyp fall into 1 & 10 GeV/c? range [Wikipedia, Light dark matter].
Subsequently, we will refer to the light dark matter particles as WIMPs.

It is known that a sterile neutrino with mass m,_ in 1 10 keV /c? range is a good

WDM candidate [Wikipedia, Warm dark matter]. The best candidate for the identity of
HDM is neutrino [Wikipedia, Hot dark matter]. In our opinion, a tauonic neutrino is a good
HDM candidate.

In addition to fermions discussed above, we offer another type of Dark Matter particles -
bosons, consisting of two fermions each. There are two types of Dark Matter bosons:
DIRACs possessing mass of m, that are in fact magnetic dipoles, and ELOPs having mass

of gme - preon dipoles.

Dissociated DIRACs can only exist at nuclear densities or at high temperatures. A DIRAC
breaks into two Dirac monopoles with mass ? and charge u = % (see Section 3.2).

These monopoles are the smallest building blocks of fractal structure of constituent quarks
and hadrons (mesons and baryons).

ELOPs break into two preons whose mass m,,, equals to one third of an electron’s mass:
1
Mpr = 3Me 29.1
and charge e,, - to one third of an electron’s charge:
1
epr = ;€ 2.9.2

Preons are the smallest building blocks of a fractal structure of quarks and leptons.
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According to Wikipedia [Preon]: In particle physics, preons are postulated “point-like”
particles, conceived to be subcomponents of quarks and leptons. &

We did not take into account the binding energies of DIRACs and ELOPs, and thus the
values of their masses are approximate. They have negligible electrostatic and
electromagnetic charges because the separation between charges is very small. They do
however possess electrostatic and electromagnetic dipole momentum (see Section 3.2).

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 (Neutralinos and WIMPs):

my = a ?mg = 1.3149950 TeV/c? 2.9.3

Mwimp = @~ 1my = 9.5959823 GeV /c? 2.9.4
DIRACs:

Mpirac = ZaO% = 70.025267 MeV /c? 2.9.5
ELOPs:

MgLop = 2a' 22 = 340.66606 keV/c? 2.9.6

WDM particles (sterile neutrinos):
my, = a’my = 3.7289402 keV /c? 2.9.7
These values fall into the ranges estimated in literature.

Our Model holds that the energy densities of all types of DM particles are proportional to
the proton energy density in the World’s Medium:

_ 2m’a

Pp = Tpcr 2.9.8
In all, there are 5 different types of DM particles. Then the total energy density of DM is
Ppom = 5pp = 0.24007327p,, 2.9.9

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

The total neutrino energy density (in the Medium and in macroobjects, see Section 2.7)
equals to

81. A. D’Souza, C. S. Kalman, Preons: Models of Leptons, Quarks and Gauge Bosons as Composite Objects.
World Scientific (1992). ISBN 978-981-02-1019-9.
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45
Pvtot =~ Pp 2.9.10

The total baryonic energy density pjg is:
ps = 1.5p, 2.9.11

The sum of MBR photons, black body radiation from cosmic dust, X-rays, and Gamma rays
energy densities equals to

1
Praa = (4 + g)%p,o 2.9.12

We chose the above value of p,,4; so that the energy density of the World py, equals to
the theoretical critical energy density p. in accordance with the principal idea of our
Model:

pw = §+(§+i)%+§]pp=pcr 2.9.13

51

From equation 2.9.13 we can calculate the value of the FSC, using electron-to-proton mass
ratio

1
a

-z [450 + 65m + (557 +2) 2| = 137.03600 2.9.14
14

which is in an excellent agreement with the commonly adopted value:

2 = 137.035999074(44) 2.9.15

a

It follows that there are direct correlations between constants «, f, and % expressed

p

by equation of the total energy density of the World (2.9.13).

As shown above, £ and % are not independent constants, but are instead derived from
14

a. We will, however, continue to use 3 for convenience.

The main suggestion for experimentalists dealing with observations of Dark Matter is to
concentrate their efforts on particles possessing masses shown above.
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2.10. MACROOBJECT CORES BUILT UP FROM FERMIONIC DARK MATTER

According to Wikipedia [Compact star]: In astronomy, the term Compact Star (sometimes
compact object) is used to refer collectively to white dwarfs, neutron stars, other exotic dense
stars, and black holes. The term compact star is often used when the exact nature of the star is
not known, but evidence suggests that it is very massive and has a small radius.

In this section, we discuss the possibility of all macroobject cores consisting of Dark Matter
particles introduced in section 2.9. In our view, all macroobjects of the World (including
galaxy clusters, galaxies, star 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, powered
by Dark Matter heating rather than fusion. Neutralinos and WIMPs, which are their own
antiparticles, can annihilate and provide an important heat source for the stars and planets
in the World.

Taking into account the main principle of World - Universe Model (all equations should
contain @, f, Q, small integer numbers and m) we modify the published theory of
fermionic compact stars developed by G. Narain et al® as follows. We'll take a scaling
solution for a free Fermi gas consisting of fermions with mass m; in accordance with

following equations:

Maximum mass: M,,,, = A1 Mg; 2.10.1
Minimum radius: R, = A2 Rp; 2.10.2
Maximum density: pmax = 43P0 2.10.3
where
M3 Mp Lef hc

and Ly is a Compton length of the fermion. A;, A,, and A3 are parameters.

9 G. Narain, J. Schaffner-Bielich, and I. N. Mishustin (2006), astro-ph/0605724.
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Let us choose m as the value of A, (instead of A, = 3.367 taken by G. Narain et al ?).
Then diameter of CS is proportional to the fermion Compton length L. We use g as

the value of A; (instead of A; = 0.384 taken by G. Narain et al ®). Then A; will equal to
—_ (Mf\4
A; = (mo) 2.10.5

Table 1 summarizes the parameter values for Compact Stars made up of various fermions:

Table 1
Fermion Fermion Macroobject Macroobject Macroobject
relative relative relative relative
mass mass radius density
m M R,,; p
f/mo max/Mo mm/Lg max/po
Muonic neutrino Q_% Q% Q% Q!

. . 1 1 1 4 -1
Tauonic neutrino 6xQ7 672 x 02 672 x (2 6™ X (@
Sterile neutrino a’ a* a* al
Preon 37 1q?t 32q72 32q72 37%a*
Electron-proton al,p —2 (ap)~? a’p
(white dwarf)

Monopole 271 22 22 274
WIMP a~t a a? a*
Neutralino a~? at at a8
Interacting WIMPs at p2 B2 p*
Interacting neutralinos a~? p2 B2 p*
Neutron (star) ~ f L2 L2 p*
where
3
M, = “’Tgﬂ X Q2 2.10.6
1
Ly, =axQz 2.10.7

The maximum density of neutron stars equals to the nuclear density
Mpy4 4
Pmax = (m_o) Po = B*po 2.10.8
which is the maximum possible density of any macroobject in the World.

A Compact 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
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nuclear density, WIMPs and neutralinos must partake in an annihilation interaction whose
1 1 .
strength equals to - and = respectively.

Scaling solution for interacting WIMPs can also be described with equations 2.10.1 - 2.10.3
and the following values of A;, A, and Aj:

Aimax = g(aﬁ)-z 2.10.9
Agmin = m(aB) ™2 2.10.10
Asmax = B* 2.10.11

The maximum mass and minimum radius increase about two orders of magnitude each and
the maximum density equals to nuclear density. Note that parameters of a CS made up of
strongly interacting WIMPs are identical to those of neutron stars.

In accordance with the paper by G. Narain et al %, the most attractive feature of the strongly
interacting Fermi gas of WIMPs is practically constant value of CS minimum radius in the
large range of masses My, p from

1

My mpmax = %(aﬁ)_ZMF = 5 M, 2.10.12

down to
My impmin = X*Myimpmax 2.10.13

My 1mpmin 1S more than eight orders of magnitude smaller than My, ;ypmax- It makes
strongly interacting WIMPs good candidates for stellar and planetary cores (see Sections
2.14,2.16).

When the mass of a CS made up of WIMPs is much smaller than the maximum mass, the
scaling solution yields the following equation for parameters A; and A,:

A A3 =t 2.10.14
Compare 7m* = 97.4 with the value of 91 used by G. Narain et al °.

When the density of a CS is lower than the nuclear density and WIMP annihilation reaction
does not get initiated, we obtain the following values of minimum mass and maximum
radius:

Atmin = =V6(aB)? 2.10.15

2
Agmax = TV6(ap) 3 2.10.16
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It follows that the range of stellar masses (A1min < A1imax) Spans about three orders of
magnitude, and the range of star core radii (Aymin © Azmax) — One order of magnitude. It
makes WIMPs good candidates for brown dwarf cores too (see Section 2.15).

Scaling solution for interacting neutralinos can be described with the same equations
(2.10.1 - 2.10.3) and the following values of Aj, A and Aj3:

Almax = 7 (@*B)7? 2.10.17
A = m(a?B) 2 2.10.18
Ao = B* 2.10.19

In this case, the maximum mass and minimum radius increase about four orders of
magnitude each and the maximum density equals to the nuclear density. Note that
parameters of a CS made up of strongly interacting neutralinos are identical to those of
neutron stars.

Practically constant value of CS minimum radius takes place in the huge range of masses
My from

1

Mymax = g(aﬁ)_zazMF = B2

M, 2.10.20

down to
Mymin = @My max 2.10.21

My 1mpmin 1S more than seventeen orders of magnitude smaller than Mpy;,.,- [t makes
strongly interacting neutralinos good candidates for stellar and planetary cores (see
Sections 2.14, 2.16).

When the mass of a CS made up of neutralinos is much smaller than the maximum mass,
the scaling solution yields the following equation for parameters Aj and A5:

ALAS =n* 2.10.22

When the density of a CS is lower than the nuclear, we obtain the following values of
minimum mass and maximum radius:

Almin = =V6(a?B)? 2.10.23

2
Aoy = TV6(a?B) 73 2.10.24

It means that the range of stellar masses (A}, © Almax) iS about twelve orders of

magnitude, and the range of star core radiuses (45,,in < Aomax) iS about four orders of
magnitude.
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The numerical values for CS masses and radii will be given in Section 2.11.
Fermionic Compact Stars (FCS) have the following properties:

e The maximum potential of interaction U,,, between any particle or macroobject
and FCS made up of any fermions

_ GMmax _ ¢* 2.10.25

U
max
Rmin 6

does not depend on the nature of the fermions;

e The minimum radius of FCS made of any fermion
Rinin = 3Rsy 2.10.26

equals to three Schwarzschild radii and does not depend on the nature of the
fermion;
e FCS density does not depend on M,,,, and R,,;, and does not change in time
3 1
while M., < tz and R, < tz.
Boson stars made up of bosonic DM are discussed in literature (see, for example, the paper

by J. Ho et al19) as an alternative to black holes. Axions with mass m, introduced in
Section 2.6. are good candidates for such compact macroobjects:

1

1
my = (%)Emo X Q2 2.10.27

We calculate maximum mass Mpg,,,4,, radius Rg, and density ppmax:

1

M2 = 3 3 1
Momax ~ 7= = (8)? mo x @z =2 Eyem, 2.10.28
1
Ry ~ miac = S, 2.10.29
a
PBmax ~ Epo 2.10.30

Boson stars made up of axions are good candidates for the cores of star clusters. These
stars have a constant density in time, similar to fermionic compact stars.

10]. Ho, S. Kim, and B. Lee (1999), arXiv: gr-qc/9902040.
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2.11. FRACTAL COSMOLOGY

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.

There is no energy in matter other than that received from the
environment.

Nikola Tesla
Yu. Baryshev and P. Teerikorpi 1 have this to say about fractal cosmology:

A fundamental task of practical cosmology is to study how matter is distributed in space and
how it has evolved in cosmic time. The discovery of the strongly inhomogeneous spatial
distribution of galaxies, at scales from galaxies to Superclusters, ie. over four orders of
magnitude in scale, was of profound cosmological significance.

The debate on the fractality of the large scale galaxy distribution has been going on around
two new fundamental empirical cosmic numbers, - the fractal dimension D, which determines
the global mass-radius behavior of the Universe:

M(r) < rP 2.11.1

and the bordering scale where fractality transforms into homogeneity Ry,m. Their values
have been debated, and D = 1.2 indirectly deduced from angular catalogues has been replaced
by D = 2.2 + 0.2 obtained from 3-d maps. The discussion of galaxy clustering started from
scales 1 Mpc - 10 Mpc, then observations of the large scale structure have shifted to the scales
of 10 Mpc - 100 Mpc, and now we are entering gigantic scales of 100 Mpc - 1000 Mpc.

In the realm of physics real structures usually have a lower scale R,,;, and an upper scale
Rnax between which the physical system follows fractal self-similar behavior. These scales are
called lower and upper cutoffs.

For different cosmological problems there could be different choices of the lower cutoff: dark
matter clumps of (106— 10®)Ms,,,, stars, comet-size objects, atoms, elementary particles.

The upper cutoff presents a much more complicated problem in studies of the galaxy
distribution. Is there an upper cutoff for the large-scale galaxy distribution and what is its
value? These are the primary questions around which the most acute discussion is going on.

The fractal mass-radius law of galaxy clustering has become a key phenomenon in
observational cosmology. It creates novel challenges for theoretical understanding of the
origin and evolution of the galaxy distribution, including the role of dark matter.

11Yu. Baryshev, and P. Teerikorpi (2005), astro-ph/0505185.
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Walls and filaments are the largest known structures in the World. The Great Wall is a
sheet of galaxies more than 500 million light-years long and 200 million wide (but only 15
million light-years thick). The Sloan Great Wall is up to 1.5 billion light-years across. On
January 11, 2013, a large quasar group, the Huge-LOG, was discovered. It was measured to
be four billion light-years across, and is presently the largest known structure in the World
[Wikipedia, Observable universe].

In astronomy, voids are the vast empty spaces between filaments (the largest-scale structures
in the Universe), which contain very few, or no, galaxies [Wikipedia, Void (astronomy)]. A
Supervoid in the constellation Eridanus is possibly a billion light-years across. In our
opinion, voids are the Medium of the World in its purest.

Superclusters are largest known grouping of galaxies. The Local Supercluster (Virgo
Supercluster), for example, contains over 47,000 galaxies, is about 10%* m across and
weighs ~ 1017 solar masses (10*” kg) [Wikipedia, Supercluster];

Galaxy clusters contain 50 to 1,000 galaxies. Galaxy clusters have diameters of ~ 1023 m
and total masses of 10'* to 10> solar masses (10** & 10%*°) kg [Wikipedia, Galaxy
cluster];

Groups of galaxies typically contain no more than 50 galaxies, and have a diameter of
~ 1022 m and weigh in at ~ 103 solar masses (~ 10*3 kg) [Wikipedia, Galaxy groups and
clusters];

Galaxies range from dwarfs with as few as 107 stars to giants containing 101 stars, each
orbiting their galaxy’s own center of mass. There are more than 1.7 X 10! galaxies in the
World. Most galaxies are 3,000 to 300,000 light-years in diameter. Galaxies are usually
separated by distances on the order of 3 million light-years. Ultra-compact dwarf galaxies
have recently been discovered that are only 300 light-years across [Wikipedia, Galaxy].

Two types of Star Clusters can be distinguished: globular clusters are tight groups of
hundreds of thousands of very old stars which are gravitationally bound, while open
clusters, more loosely clustered groups of stars, generally contain fewer than a few
hundred members, and are often very young [Wikipedia, Star cluster].

Extrasolar systems range from brown dwarfs with minimum mass of about 0.013 solar
masses (2.6 X 1028 kg) [Wikipedia, List of least massive stars], red dwarfs with the
minimum mass about of 0.075 solar masses (1.5 x 1029 kg) [Wikipedia, Red dwarf], to
giant stars that are 150 times as massive as the Sun (3 X 1032 kg) [Wikipedia, Star].

The following table summarizes the various macroobjects:
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Macroobject Size (m) Mass (kg)

World 102%° 3 x 10°?

Walls, Filaments 10%* & 10?%° 10*° < 10!
Supercluster 1024 1047 < 1048
Galaxy cluster 1023 104> & 1040
Group of galaxies 1022 1043 < 10*
Galaxy 10'° < 1021 10%° < 1043
Star cluster 107 < 1018 1035 < 1037
Extra solar system 10'* < 10'° 10%° & 1033

According to World - Universe Model, the total macroobject energy E,, enclosed in
surface S, is proportional to the area of that surface:

EMO = UOSMO 2.11.2

where o, is the surface enthalpy defined in Section 2.4. All the energy contained in
macroobjects was received from the environment.

In case when the stars and galaxies are distributed in a hierarchy of spherical clusters of
radius Ry, the energy E,, equals to

EMO == 4‘7-[0-0R1%40 2.11.3

Comparing this result with equation 2.11.1 we conclude that the World has a fractal
structure with the theoretical fractal dimension D = 2, which is in good agreement with
the value of D = 2.2 + 0.2 experimentally obtained by P. Teerikorpi et al 12. Note that the
Olbers’ paradox (dark night sky) can be explained only if the fractal dimension of the World
D < 2 [Wikipedia, Olbers’ paradox].

The upper cutoff of the fractal structure is the entire World, with its total mass of My, and
radius R = Ryom:

My, = T30 R? = 4mmg X Q% = 9.0640 X 105 kg 2.11.4
R=axQ =13459 x 1026 m 2.11.5

The lower cutoff of the fractal structure is an extrasolar system (ESS) with total mass Mggg,
radius Rggs, and number Nggs in the following ranges:

3
MESS = 4‘7Tm0 X QE X (0{2 (=4 1) =

(5.5360 x 10?8 < 1.0396 x 1033) kg 2.11.6

12 p, Teerikorpi, M. Hanski, G. Theureau, Yu. Baryshev, G. Paturel, L. Bottinelli, L. Gouguenheim, A&A 334, 395
(1998).
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3
RE55=aXQZX(a<:>1)=

(1.0518 X 101* < 1.4414 x 10°) m 2.11.7

1
Ngss~ Q2 X (1 & a™2) ~ (10?° & 10%%) 2.11.8

Nggs is the total number of extra-solar systems in the World. Note that an ESS receives all
of its energy from its environment (Galaxy).

According to our Model, all macroobjects of the World (galaxies, stars, planets) have cores
made up of Dark Matter particles. The theory of fermion compact stars (FCS) made up of
Dark Matter particles is well developed. Scaling solutions are derived for a free and an
interacting Fermi gas in Section 2.10.

Table 2 describes the parameters of FCS made up of different fermions:

Table 2
Fermion Fermion Macroobject Macroobject Macroobject
mass mass radius density
my, MeV/CZ Mmax' kg Rminr m Pmax kg/m3
Muonic neutrino 7.50x10-° 3.0x1052 1.3x1026 3.0x10-27
Tauonic neutrino 4.50x10-8 8.4x1050 3.7x1024 3.8x10-24
Sterile neutrino 3.73x10-3 1.2x1041 5.4x1014 1.8x10-4
Preon 0.170 5.9x1037 2.6x1011 7.8x102
Monopole 35.01 1.4x1033 6.2x10° 1.4x1012
Interacting WIMPs 9,596 1.9x1030 8.6x103 7.2x1017
Interacting 1,315x103 1.9x1030 8.6x103 7.2x1017
neutralinos
Electron-proton 0.511-938.3  1.9x1030 1.6x107 1.2x108
(white dwarf)
Neutron (star) 939.6 1.9x1030 8.6x103 7.2x1017

The calculated parameters of FCS show that

e White Dwarf Shell (WDS) around the core made of strongly interacting WIMPs or
neutralinos (see Section 2.14) compose the nucleus of stars in extrasolar systems;

e Dissociated DIRACs to Monopoles form cores of star clusters;

e Dissociated ELOPs to Preons constitute nuclei of galaxies;
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e Sterile neutrinos make up cores of galaxy clusters;
e Tauonic neutrinos reside in the cores of galaxy superclusters.

Interestingly, the calculated radius of an FCS made up of muonic neutrinos exactly equals to
the radius of the World, while its mass would equal the combined mass of all the World
macroobjects.

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

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

subsequent dissociation of dipoles to monopoles and preons.

To summarize, stars macroobjects of the World have cores made up of the discussed DM
particles. Other particles, including DM and baryonic matter, form shells surrounding the
cores. In our Model, all macroobjects consist of all particles under consideration, in the
same proportion as they exist in the World's Medium. There are no compact stars made up
solely of DM fermionic particles, for instance.

2.12. FRACTAL STRUCTURE OF THE WORLD

The Model provides us with a facility to calculate the masses, sizes, and numbers of the
World’s cluster structures that follows fractal self-similar behavior. Galaxy clusters (GC)
have total mass M., radius Rgc, and number N, in the following ranges:

15
MGC = 4‘7Tm0 X Q? X (az (=4 1) =

= (4.9950 x 10** & 9.3801 x 10*7) kg 2.12.1

15
Regce=axQuXx(ae=1) =

= (3.1595 X 10! & 4.3297 X 10%*) m 2.12.2

1
Ny~ Q3 x (1 < a~2) ~ (105 < 109) 2.12.3

Galaxies (G) have total mass M, radius R;, and number N; in the following ranges:

7
MG:4'T[m0XQZX(a2<:>1):

= (5.1692 X 10%® < 9.7073 x 10*?) kg 2.12.4

7
Ro=axQsx(ae=1) =

= (1.0164 x 10*° < 1.3928 x 10?1) m 2.12.5
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1
Ny~ Q3 x (1 & a™2) ~ (1010 & 1014) 2.12.6

For star clusters (SC) we obtain total mass Ms., radius Rg;, and number Ng. in the
following ranges:

13
MSC = 47Tm0 X Q? X ((XZ (=" 1) =

= (5.3496 x 10%3 < 1.0046 x 10%8) kg 2.12.7

13
RSC:aXQEX(a{@].):

= (3.2696 x 10 = 4.4806 x 10*8) m 2.12.8

3
Nec~ Qs X (1 & a™%) ~ (10'° & 10%9) 2.12.9

When stars and galaxies are distributed in a hierarchy of disk-shape clusters, the calculated
radii R, should be multiplied by v2.

The calculated ranges of radii, masses, and numbers of the World, GC, G, SC, and ESS are in
good agreement with literature estimates. Our calculations show that the distance
separating the galaxies is approximately 102! m, which is in good agreement with
experimentally measured distances. The distance from the Milky Way to the Large
Magellanic Cloud, for instance, is about 1.5x1021 m [Wikipedia, List of nearest galaxies].

Within a galaxy, we calculate the distances between the stars to be about 101¢ m. The
distance from the Sun to the Proxima Centauri is about 4x101¢ m [Wikipedia, List of nearest
stars].

The central macroobject (CMO) of a galaxy has a core made up of preons. Our calculations
show that its mass is smaller than 5.9x1037 kg, and its radius is greater than 2.6x1011 m.
From the movement of S2 star it was estimated that our own Milky Way’s central object
mass is about 4.1 million solar masses (8.2x103¢ kg), and its radius is no larger than
6.7x1012 m [Wikipedia, Sagittarius A*].

In our Model it is natural to define surface S, as the boundary between macroobject and
surrounding environment. In case of our Solar system such a surface is named Heliosphere
[Wikipedia, Heliosphere]. We will refer to such surfaces as Macroobject Boundary (MOB).
The radii R, Rgc, R;, Rsc, Rgss introduced above are really radii of corresponding
Macroobject boundaries.

According to the developed Model, CMOs have cores made up of fermionic DM particles
possessing radii R;ogrgr described in Tables 1 & 2. In case of extrasolar systems, the cores
are made up of interacting neutralinos or WIMPs surrounded with white dwarf shells
(WDS).
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Surrounding the cores, there is a transitional region in which the density decreases rapidly
to the point of the zero level of the fractal structure '3 characterized by radius Ry and

energy density p; that satisfy the following equation for r = Ry:
p(r) = L1 2.12.10

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. 13 Our Model allows us to
calculate the value of this constant. Recall that 1/3 of the total macroobject energy resides
inside of the CMO (star in case of an ESS), and 2/3 of it belongs to the fractal structure
above CMO. It follows that

2mpsR Ry = g X 4mayR%, 2.12.11
and the value of p¢Rf is:
PrRr = gao 2.12.12

As for the values of Ry and py, letus take

Rf = a_lRCORE 21213
and
4 a
Pr =300 Rooms 2.12.14

Equation 2.12.10 fits naturally into our Model, since the evolution of all spherical
structures of the World is progressing in a quasi-stationary mode (see Section 2.13). The
ball of radius Ry is absorbing energy from the environment, and the distribution of energy

outside of the ball follows equation 2.12.10.

The calculations carried out for our Sun using equations 2.12.13 and 2.12.14 are in
agreement with the experimentally measured characteristics of the Sun. Taking the value of
the solar core radius Rcorgsun = 1.6 X 108 m (see 2.14.16) we obtain

Ry = 2.2 % 101%m 2.12.15

which is in agreement with estimated sizes 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].

According to 2.12.14, the mass density psy, atradius Ry is

13 Yu. Baryshev, Practical Cosmology, 2, 60 (2008).
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Prm =1 = 24X 10715 2.12.16

362Rf

and the minimum mass density ps;, atthe boundary of a macroobject is:

Prmin = 200 (HSmTy 5 = 4.9 x 10716 X9 2.12.17

41Oy

Mass of the fractal structure around Sun M, atdistances Ry > Ry is
My == 6,R} 2.12.18
Atdistance R, = 1.8 x 10! m away from the Sun (approximate distance to Voyager 1 4),

M, = 1.1 X 10*7kg 2.12.19

that is ~ 0.05% Ms,,,. This additional mass can explain the observed deceleration of
Voyagers. Note that the distances traveled by Voyagers (~ 1013 m) are much smaller than
the radius of the MOB Ryop:

3MSun

Ruos = (5 )z =1.1x 10 m 2.12.20

The strongly inhomogeneous fractal spatial distribution of matter at scales from extrasolar
system to the World, i.e. over twenty orders of magnitude in scale, has profound
cosmological significance.

2.13. EVOLUTION OF THE WORLD’S FRACTAL STRUCTURE

We will analyze the evolution of the World’s fractal structure concentrating on three
important types of macroobjects: extrasolar systems, galaxies, and the World.

As discussed in Section 2.11, the total macroobject energy Ej, enclosed in surface S, is
proportional to the area of that surface:

EMO = UosMO 2.13.1

where g, is the surface enthalpy. All macroobjects receive all of their energy from their
environment.

When stars and galaxies are distributed in a hierarchy of spherical clusters of radius Ry,
the energy Ey is:

Eyo = 4moyR%, 2.13.2

14 Voyager. The interstellar Mission, June 14, 2012.
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It was shown above (see Sections 2.10, 2.11) that masses of all macroobject cores and ESS
3 3

are proportional to Qz and are increasing in time « tz. The total energy arriving to
extrasolar systems from the environment (enclosing galaxies) is consumed solely by ESS.

All larger cosmological cluster structures are receiving more energy than required for

increase of the mass of their components (CMO and ESS). The remainder of that energy is

spent on creation of new macroobjects. Consider a galaxy. Its total mass M; is
7

7
proportional to Q+ and is increasing in time « t4:

7
M; ~ 4mmg X Q4

3
CMO and ESS, however, are consuming energy « tz only.

The World, galaxies, and extrasolar systems have the following volumes:

VW:VOXQBOC t3

21 21

Ve X VgX Qs < ts

9 9
VEss ¢ Vo X Q+ « ts

where V, = 4?” a® is the volume of the World’s Core at the Beginning (Q = 1).

The quasi-stationary expansion of them is taking place at different rates:

dVw _ ,Vw
a Tt
avg _ 21V
dt 8 ¢t

dVess __ 9VEss
dt 4t

The World, galaxies, and ESS have the following total energies:
Ey = 4mEy X Q2 « t2

7 7
E; < 4mEy) X Q+ X t4

3 3
Epgs x 4mEy X Q2 < t2

and are consuming energy at the following rates:

dEw _ - Ew
dt t
dEg _ 7Eg
dt 4t
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2Eess - 3Eess 2.13.15
dt 2t T

We see that the expansion rates are 1.5 times greater than energy consumption rates.
Hence average densities of galaxies and extrasolar systems are decreasing with time:

7 7 1

P X PoXQ 8xX t 8 po X Q8 2.13.16
_3 _3 1

PEss X Pog X Q + X t 4 po X Q4 2.13.17

and are about 5 and 10 orders of magnitude higher than the critical density p,,
respectively.

The energy consumption rates are greater for galaxies relative to ESS, 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. Formation of galaxies
and stars is not a process that concluded ages ago; instead, it is ongoing.

The amount of time Atp; necessary for the World to accumulate sufficient energy to
create a new dwarf galaxy with mass Mp;

7
Mpe = 4mmya? X Q4 2.13.18
is:
1
Atpg =5ta? X Q7+ =1280.2 s 2.13.19

Similarly, the amount of time At; necessary to accumulate enough energy for a large new
galaxy having maximum possible mass

7
Memax = 4mmgy X Q4 2.13.20
is:
1
At; = %t X Q *=24040x 10" s = 0.76 y 2.13.21

Similar calculations carried out for extrasolar systems show that minimum time Atg, to
create brown dwarf with mass Mg,

3
MBD = 47Tm0a2 X QE 2.13.22

and minimum time Atgss needed to create an extrasolar system with maximum mass

3

MESS = 4‘7Tm0 X QE 21323

are:
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1
Atgp =>ta? X Q7+ = 1463.1 s 2.13.24

1
Atgss =2t X Q74 = 27475 x 107 s = 0.87 y 2.13.25

The time needed for creation of a main sequence star like our Sun is about 100 Atgp =
40 hrs, which is consistent with the estimates of star generation in MS1358arc Galaxy
made by M. Swinbank et al. 1> Within the star-forming regions of this infant galaxy, new
stars were being created at a rate of about 50 main sequence stars per year — around 100
times faster than had been previously thought.

2.14. EXTRASOLAR SYSTEMS

There are two primary types of stars: main-sequence stars and red stars. They differ in
their surface temperatures and radii:

e Red stars have cool surface temperatures: 3,500 < 4,500 K for Hypergiants,
Supergiants, Giants [Wikipedia, Hypergiant, Red supergiant, Red giant], lower for
Red dwarfs (2,300 < 3,800 K) [Wikipedia, Red dwarf], and significantly lower for
Brown dwarfs (300 < 1,000 K) [Wikipedia, Brown dwarfs]. These stars have
enormous range of radii: from 1,650 Rg,, for Hypergiants down to 0.08 Rg,,, for
Red dwarfs, and lower still for Brown dwarfs.

e Main-sequence stars have surface temperatures in the range of 3,000 < 45,500 K,
and radii in the range from 35 Ry, for the most massive known star R136al
[Wikipedia, R136al] down to 0.1 Ry, for least heavy stars [Wikipedia, Main
sequence].

As we have shown above (2.13.17), extrasolar systems (ESS) have average density pgss
that is about 10 orders of magnitude higher than the critical density:

1

PEss X Per X QZ 2.14.1

The range of ESS masses Mggs is about four orders of magnitude:

3
MESS = 4'7Tm0 X QE(QZ (= 1) ~
~ (5% 1028 & 10%3) kg 2.14.2

One third of this mass resides in macroobjects constituting an extra-solar system. Most of
that mass lies in the star itself. The star and other macroobjects are composed of all
particles under consideration.

15 M. Swinbank, et al, Monthly Notices of the Royal Astronomical Society, 2009.
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Extrasolar systems form from clouds of particles. Due to gravitational instability, a
gravitational collapse takes place. The heaviest particles, neutralinos or WIMPs, sink first
and form the core of a new star.

In our opinion, the difference between main-sequence stars and red stars lies in
composition of stellar cores. Main-sequence cores are made up of neutralinos, while red
star cores consist of WIMPs. As we have shown in Section 2.10, in both cases the cores’
maximum mass and minimum radius equals to that of a neutron star. The fermions,

however, have drastically different interaction strength of annihilation: — in case of

WIMPs and % in case of neutralinos.

The Core temperature is therefore much higher in main-sequence stars whose cores are
made up of neutralinos. Ignition of chain reactions developing in the surrounding shells
happens much more efficiently in these stars.

Let’s analyze red stars with cores made up of WIMPs, with the surrounding white dwarf
and preon shells.

Taking into account the 100x increase of maximum stable mass of cores made up of
strongly interacting WIMPs (see 2.10.9), we calculate the total maximum core mass M ggg:

1
MCORE == EMS = 193 X 1030kg 214‘3
It follows that the energy density of WIMPs in the World py;p equals to

1
Pwimp = ﬁpcr 2.14.4

Calculations based on results of Section 2.10 show that the maximum stellar mass Mg,
is

Msmax = My = 3.4654 X 10%2kg (= 174 Mg,,) 2.14.5

Stars must be massive enough to support core densities equal to the nuclear density in
order to initiate strong interaction between WIMPs. The minimum stellar mass Mgy,in
equals to

Mgpmin = ‘/ga4.84MSmax =
= 7.8 X 1028kg (= 0.039 Mg,,) 2.14.6

Mgpmin is over four orders of magnitude smaller than Mg,,,,. These numbers are in good
agreement with the commonly accepted range of red stellar masses (0.075 < 150 Mg,,,).

The smallest true stars (red dwarfs) have masses of less than half that of the Sun (down to
about 0.075 solar masses, below which stellar objects are brown dwarfs) and a surface

38



temperature of less than 4,000 K. Red dwarfs are by far the most common type of star in the
Galaxy [Wikipedia, Red dwarf].

Minimum radius of a stellar core R:orgmin 1S:

RiorEmin = %Lg = 8.6 km 2.14.7

The next heaviest particles - protons, joined by electrons - will follow WIMPs during the
gravitational collapse, and form the White Dwarf Shell (WDS) around the core made of
strongly interacting WIMPs. The mass of the WDS is proportional to the ratio of protons in
the World:

My ps = 1.5%1\/15 2.14.8

Using the following equation (see 2.10.4 for reference):

3
Myps = =22 2.14.9

we obtain the maximum mass My, psco1q 0f a cold WDS:
My pscora = 1.93 X 103% g (=2 Mgy,) 2.14.10

Taking into account the proton-proton chain reaction with the interaction strength equal to
B, we can estimate the increase of the maximum stable mass of the WDS in accordance
with theory developed by G. Narain et al °:

Mupsnor = (1 +5) Miypscora = 1.49 x 103 kg 2.14.11

Calculated value of My, psno: is consistent with the expected protons mass obtained from
the maximum star mass (3.4654x1032 kg) with 7.2% concentration of protons (=
2.50 x1031 kg).

The minimum radius of cold WDS is

Rypscord = i—z =~ 1.6 x10" m 2.14.12

Taking into account the proton-proton chain reaction for the minimum radius of WDS in
accordance with the paper of G. Narain et al ° we obtain:

Rwpshot = (1 + g) Rwpscoa = 7.0 X 10’m 2.14.13

The calculated parameters of red stars can explain the characteristics of brown dwarfs, red
dwarfs, and subgiants that are slightly brighter than main-sequence stars, but not as bright
as true giant stars. As a side note, subgiants are the only type of stars other than main-
sequence stars believed capable of hosting life-bearing planets [Wikipedia, Subgiant].
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Enormous radii of Hypergiants (up to 1,650 Rg,,,, = 102 m) and huge luminosity of giant
stars can be explained by an additional shell of preons - particles whose charge equals to

%e. They compose hot high density plasma with surface temperature in the range of 3,500
& 4,500 K. The minimum radius of preon shell R,;;, = 2.6 X 1011 m (see Table 2).

The analysis of main-sequence stars whose cores are made up of neutralinos with
surrounding white dwarf and preon shells shows that their cores have the same maximum
mass and minimum radius as those of red stars, but much higher temperature, due to
considerably greater interaction strength of annihilation of neutralinos as compared to
WIMPs. The characteristics of the white dwarf shell are close to those of red stars. Much
higher core temperature, however, enables main-sequence stars to have much greater
surface temperature. The hottest observed star has a surface temperature of 45,500 K
[Wikipedia, Main sequence].

The maximum stellar mass remains the same (= 174 Mg,,,,). According to Wikipedia [List of
most massive stars]: Studying the Arches cluster, which is the densest known cluster of stars
in our galaxy, astronomers have confirmed that stars in that cluster do not occur any larger
than about 150 Mg,,,,. One theory to explain rare ultramassive stars that exceed this limit, for
example in the R136 star cluster (up to 265 Mg,,,,), is the collision and merger of two massive
stars in a close binary system. If any stars still exist above (150 — 200) M,,,,, they would
challenge current theories of stellar evolution.

Strongly interacting Fermi gas of neutralinos has practically constant value of minimum
radius in the huge range of masses My from

1

22 Mo 2.14.14

Mymax = %(“ﬁ)_zazMF =

down to
Mymin = a®Mymax 2.14.15
Mymin 1S more than seventeen orders of magnitude smaller than My,4x-

We use equations 2.10.2 and 2.10.22 to calculate WDS radius of the Sun, keeping in mind
that its mass is 174 smaller than the maximum stellar mass:

Rypssun = 6"14;:;" Rypscorq = 1.6 X 108 m 2.14.16

Rypssun is about 0.23 solar radii, which is in good agreement with solar core radius
discussed in literature (0.2 < 0.25 solar radii).

The developed star model explains the very low power production density produced by
fusion inside of the Sun. Wikipedia humorously notes that the power output of the Sun
more nearly approximates reptile metabolism than a thermonuclear bomb [Wikipedia, Sun].
In our Model, the core made up of strongly interacting neutralinos is the supplier of proton-
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electron pairs into WDS and igniter of the proton-proton chain reaction developing in the
surrounding WDS with small interaction strength [ = 13.4. The energy to support
neutralinos annihilation and proton fusion is coming from outside of the star (Galaxy).

With respect to the developed model of FCS (Section 2.10), the masses of the core and WDS
3

are increasing in time o tz:

e New neutralinos and WIMPs freely penetrate through the entire stellar envelope
and get absorbed into the core.
e New protons and electrons are generated in the core as the result of neutralinos and
WIMPs annihilation, and enter the WDS.
The radii of the core and WDS are increasing in time « t%. Consequently, the density and
fusion power production density remain constant in time.
Consider the closed spherical surface around the WDS. Its radius is increasing in time o t%,
and its area is increasing in time o« t. Stellar luminosity is thus increasing in time « t.
Taking into account that the age of the World is = 14.2 By and the age of solar system is =
4.6 By, it is easy to find that the young Sun’s output was only 67.6% of what it is today.
Literature commonly refers to the value of 70%. So-called “Faint young Sun paradox” is
thus resolved [Wikipedia, Faint young Sun paradox].

The described star creation picture is consistent with a new image from ESO (European
Southern Observatory) which shows a dark cloud where new stars are forming, along with a
cluster of brilliant stars that have already emerged from their dusty stellar nursery. This cloud
is known as Lupus 3 and it lies about 600 light-years from Earth in the constellation of
Scorpius (The Scorpion) which is one of the closest such stellar nurseries to the Sun.

The bright stars are young stars that have not yet started to shine by nuclear fusion in their
cores and are still surrounded by glowing gas. They are probably less than one million years
old. The Lupus 3 region is both fascinating and a beautiful illustration of the early stages of
the life of stars. 16

An important consequence for Solar system, and in fact for all other stars in the World, is
that they will never burn their “fuel” out. On the contrary, stars accumulate more fuel with
time, and output more power.

The existence of supermassive objects in galactic centers is now commonly accepted.
Although it is believed that the central mass is a supermassive black hole, it has not yet
been firmly established. 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.

16 Light from the Darkness, eso 1303 (2013).
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The heaviest macroobjects include a high-density preon plasma shell 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 Macroobjects with a very hot preon shell are candidates for Active Galactic Nuclei
(AGN).

Note that the temperature of the preon shell depends on the composition of the
macroobject core. Macroobjects whose cores are made up solely of preons remain cold.
Macroobjects with cores made up of WIMPs and WDS produce hot preon shells.
Macroobjects whose cores consist of neutralinos and WDS have very hot preon shells.

The radius of the AGN is about four orders of magnitude larger than the radius of WDS (see
Table 2). The area of the closed spherical surface around the AGN is more than 8 orders of
magnitude greater than the surface area of WDS. Luminosity of the AGN is then at least 8
orders of magnitude higher than the luminosity of the largest star.

The described model of AGN can explain 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].

New protons and electrons are penetrating from the core into WDS as the result of
neutralinos and WIMPs annihilation, and then emanating from the star itself. The Sun
produces solar wind; hottest macroobjects such as an AGN may be emitting protons at
relativistic speeds.

2.15. BROWN DWAREFS

According to Wikipedia, Brown Dwarfs are sub-stellar objects whose masses range from 13
to 80 Jupiter masses (M;) [Wikipedia, Brown Dwarfs].

In our opinion, Brown Dwarfs (BD) differ from red stars in that the density of their cores is
smaller than nuclear density. Consequently, WIMP annihilation does not take place.

As we have shown in Section 2.10, the minimum mass and maximum radius of a compact
star made up of weakly interacting WIMPs can be calculated with the following parameters
A; and Ajy:

Ay = =V6(ap)? 2.15.1

2
A, = nV6(aB) 3 2.15.2
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Parameter A; in the scaling solution defines the maximum mass of the core Mcpremax
made up of warm WIMPs, and consequently the maximum mass of brown dwarf Mgp;ax:

McorEmax = V6a*B*My = 4.33 x 10%° kg 2.15.3
Mppmax = B*Mcoremax = 7.77 X 1028 kg (= 41 M) 2.15.4

Parameter A, defines the minimum radius of the BD core R;orgmin Mmade up of warm
WIMPs:

Reorsmin = A;a* =2 = 280 m 2.15.5

The minimum mass of the BD Mgp,,in equals to the minimum star mass:
— — 20 ~
MBDmin - MSmin =« MO =

1.8 x 1028 kg (= 9.7 M) 2.15.6

2.16. PLANETS

By Wikipedia definition, Planet is a celestial body orbiting a star or stellar remnant that is
massive enough to be rounded by its own gravity, is not massive enough to cause
thermonuclear fusion, and has cleared its neighbouring region of planetesimals. [Wikipedia,
Planet]

Let’s see how planetary system formation occurs.

As described above, extrasolar systems arise from clouds of all particles under
consideration with mass in the range of

3
M, = 4mmgy X Q2 X (a? & 1) 2.16.1

and density

1
Pct ~ Per X Q4 2.16.2

As a result of gravitational instability, gravitational collapse takes place and one third of
M; is concentrating at the center of the cloud, increasing the density of the core up to the
nuclear density.

The heaviest particles — neutralinos and WIMPs - are the first in this stream of matter.
When their density achieves the nuclear density, self-annihilation process ignites. As the
result, the Stellar Core (SC) grows up to 10% and 102 times respectively, taking additional
mass of neutralinos and WIMPs from oncoming stream.

43



Concurrently, White Dwarf Shell (WDS) forms around the SC. WDS is comprised of next
heaviest particles - protons, accompanied by electrons. The total mass of WDS equals to
= 2.4 % of the cloud mass.

Expansion of the hot SC and WDS is progressing explosively fast, in a process not unlike
boiling. Drops of the boiling SC and WDS are ejected from the forming star, and give birth to
planets.

The following two facts support the creation picture outlined above:

e The analysis of a mass - radius ratios for compact stars made of strongly interacting
fermions shows that the radius remains approximately constant for a wide range of
compact stars masses;

e The analysis of a mass - radius ratios for the lowest mass white dwarfs shows the
same behavior - radius does not depend on mass. It happens because at the low

mass end the Coulomb pressure (which is characterized by constant density «
1

1
% and thus R « Ms3) starts to compensate the degeneracy: R «x M 3. The two

effects nearly cancel each other out,so R «x M° - no dependency at all.

As discussed above, the maximum mass of the hot neutralinos and WIMPs core
Mcore = 1.93 X 1030 kg; the maximum mass of a star Mg,,qx = 3.4654 X 103 kg; and the
minimum radius R,;;, = 8.6 km.

The radius of the hot core remains practically constant (= 8.6 km) whether the core
belongs to a star or to a planet. The masses of planets formed around red stars and main-
sequence stars differ:

e Planets formed around red stars have the smallest mass of ~ 107°Mj,,,,, 8 orders of
magnitude smaller than maximum star mass = 174 Mg,,,.

e Planets formed around main-sequence stars may be as light as ~ 10"'5Mg,,,, 17
orders of magnitude smaller than the maximum star mass. Consequently, all
spherically-shaped objects, down to Mimas in Solar system, contain hot neutralinos
cores with WDS.

Planets can arise only around main sequence and red stars. Due to the less violent nature of
their formation, brown dwarfs do not create planets. There have been observations of a
number of BDs possessing planets; with respect to our Model, the masses of such BDs
should exceed 0.039 Mg,,,, which would classify them as red stars.
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2.17. COSMIC DUST

According to Wikipedia, Cosmic dust was once solely an annoyance to astronomers, as it
obscures objects they wish to observe. When infrared astronomy began, those previously
annoying dust particles were observed to be significant and vital components of astrophysical
processes [Wikipedia, Cosmic dust].

In our own Solar system, not only does cosmic dust play a major role in the zodiac light, but
it also produces thermal emission, which is the most prominent feature of the night-sky
light in the 5 & 50 micrometer wavelength domain.

The grains characterizing the 29 K black body infrared radiation have typical sizes of 10

. . . k
& 100 micrometers with an average density ~ 2.5 x 103 —gg.

P. H. Siegel has this to say about cosmic dust:

Results from the NASA Cosmic Background Explorer (COBE) Diffuse Infrared Background
Experiment (DIRBE) and examination of the spectral energy distributions in observable
galaxies, indicate that approximately one-half of the total luminosity and 98% of the photons
emitted since the Big Bang fall into sub-millimeter and far-IR. Much of this energy is being
radiated by cool interstellar dust. 17

The sizes of cosmic grains Dy, are roughly equal to the Fermilength Lg:

Dyr ~ Ly = a x Q3 = 1.6532 x 104 m 2.17.1
and their mass mg, is close to the Planck mass:

mgy ~ (107° & 1077) kg

(Mp = 2.1767 X 1078 kg) 2.17.2

As discussed in Section 3.3, masses of two gravitationally interacting objects m; and
m, must satisfy the following expression:

mymy, = 2 M3 = 2m3 X Q 2.17.3

Cosmic grains with masses around Mp are the smallest building blocks that participate in
star creation. Formation of a new star starts with a gravitational instability of the dust
cloud and subsequent gravitational collapse, with the resulting macroobject (Nucleus)
possessing mass about My,,.:

Myye =my, X Q = 102 kg 2.17.4

17 P, H. Siegel, IEEE Transactions on Microwave Theory and Techniques, Vol. 50, No. 3, 910 (2002).
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Then all particles heavier than m, (neutralinos, WIMPs, protons, DIRACs) will be attracted
to this Nucleus, increasing its mass and attracting lighter particles as described above. The
size of this Nucleus is:

Ryue ~1072m 2.17.5

A dust particle of mass B;Mp and radius B,Ly is absorbing energy from the Medium at
the following rate:

B1Mpc?
2t

= (ByMpc?) = 2.17.6

where B; and B, are parameters.

The absorbed energy will increase the particle’s temperature, until equilibrium is achieved:
power absorption equals to the power irradiated by the surface in accordance with the
Stefan-Boltzmann law

BiMpc?

"L = o5pTsh X 4mB3LE 2.17.7

where ogp is the Stefan-Boltzmann constant and kg is the Boltzmann constant:

Cen = 2m5kp
SB ™ 15p3¢3

2.17.8
Applying the World equation 2.11.2 to our particle:
B;Mpc? = 4mB21%0, 2.17.9

we calculate its stationary temperature T, to be

15 1 hc
_)4_
4>’ Lp

kgTse = (

Ty = 28.95 K 2.17.10

This result is in an excellent agreement with experimentally measured value of 29 K.

2.18. WORLD EXPANSION

One of the long-standing questions of Cosmology revolves around the observed expansion
of the World. Furthermore, the expansion of the World appears to be accelerating. It is
commonly accepted that the mysterious Dark Energy is the agent responsible for this
acceleration. In this section we introduce an alternative explanation of this phenomenon.

In our Model, there is no gravitational interaction between microobjects (protons,
electrons, DM particles, etc.). At least one of the parties participating in gravitational
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interaction must be a macroobject. More precisely, the product of the two objects’ masses
must equal to at least Planck mass squared (see Section 3.3):

mym, > - M3 2.18.1

Consequently, the particles constituting the Medium of the World do not participate in
gravitational interaction with each other.

The motion of macroobjects in the Medium is governed by three separate forces.

e OQutward force: the force that the Medium applies to macroobjects, pushing the
objects away from the World center.

e Gravity: the force that macroobjects exert on each other, pulling them back together.

e Friction: the force due to the motion of macroobjects through the Medium, slowing
them down.

The three forces are in equilibrium, and macroobjects maintain constant momentums.

From the preceding chapters recall that the World consists of homogenous Medium with
mass density

py = L 2.18.2

3c?

and the World’s Boundary with the Universe has an antimatter surface density

ps =2 2.183

c2

Let us find the gravitoelectric potential Uy, of the World. For a homogeneously charged
ball with radius R, potential Uy equals to

2 2 2 2
Up =2 (1- ) =S(1 -+ 2.18.4

4meg 3R?2 ﬁ
where r is the distance from the center of the ball.

For a homogeneously charged surface of the ball, potential Ug inside of the sphere with
the radius R is:

__4mR%ps _ c?

= 2.18.5
4megR 2
The potential of the World is:
2
Uy =c*(1 - 2.18.6

The gravitoelectric field E is:
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rr__

r
Eg = E‘r ag(r); 2.18.7

where a4 (r) = é is acceleration at distance r from the center of the ball.

The further away an object from the center of the World, the higher the acceleration. Its
maximum value occurs at the Front where r = R,

=~ -0 m
ag(R) = e 2.2x10 = 2.18.8

The accelerated movement of macroobjects does not however imply an accelerated
expansion of the World. The Front of the World is advancing with constant speed c!

Since all interactions propagate with finite speed that does not exceed ¢, the above effect
manifests itself mostly close to the Front, and is negligible in the vicinity of the center of the
World.

The idealized Medium of the World considered in the above equations is frictionless.
Macroobjects moving through such Medium do not lose momentum, and are indeed
accelerating. We ignored the effects of friction, as well as gravity between individual
macroobjects.

In the actual Medium, the outward force equals to the sum of gravity and friction.
Macroobjects will then move with constant speeds.

Let's calculate the friction coefficient kg, of the Medium:
m 4T 1p T
mEg—GT—ZX?T3XE§=kaU=kfrEC 2.18.9

kpp == 2.18.10

Frr=2 2.18.11

The dependence of the Medium friction coefficient on time kg, « t~! can be easily
explained by the dependence of a dynamic viscosity of the Medium 7y,

My = PmVm 2.18.12
on its density p,, « t~!, while kinematic viscosity of the Medium v,, remains constant:
vy = ac 2.18.13

Consequently, macroobjects maintain constant momentum during the expansion of the
World.
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2.19. COSMOLOGICAL REDSHIFT

Wikipedia has this to say about cosmological redshift [Redshift]:

In the early part of the twentieth century, Hubble and others made the first measurements of
the galaxies redshifts beyond the Milky Way. They initially interpreted these redshifts as due
solely to the Doppler Effect, but later Hubble discovered a rough correlation between the
increasing redshifts and the increasing distance of galaxies. Theorists immediately realized
that these observations could be explained by different mechanisms for producing redshifts

Let us analyze the movement of photons as they travel from distant galaxies to Earth in the
time-varying Medium.

As we have shown in Section 2.6, energy of photons remains constant in the ideal
frictionless Medium. In the actual Medium with a friction coefficient for photons

kpn ~ ¢ 2.19.1
the equation for the photons momentum p,,, is:

dPph _ _ 5Poh 2.19.2
dt t

where § is a parameter. Solving equation 2.19.2 we obtain
ppnt® = const 2.19.3

Consider a photon with initial momentum p,,,;; emitted at time ¢t,,;;. The photon is
continuously losing momentum as it moves through the Medium until time ¢,;,5, when itis
observed. The observer will measure 2,5, compare it with well-known wavelength
Aemit, and calculate a redshift:

7 = Lobsv=Aemic 2.19.4

lemit

By definition, 4 = %. When 6 = 1 we obtain:

Pobsvtobsy = Pemitlemit 2.19.5
A i t

14+7= obsv _ Pemit — Lobsv 219.6
Aemit Pobsv temit

Recall that t,,,;; and t,,s, are cosmic times (ages of the World at the moments of emitting
and observing), both measured from the Beginning of the World. t,,s, equals to the
present age of the World A;. If the photon travelled for time t,,, then

tObSV = temit + tph 2.19.7
ton = Lobsy — temit = U — temit 2.19.8
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The cosmological redshift is then described by a nonlinear equation on t,:

2.19.9

1+z= 1:
P

-

As an example, a photon travelling for 7.11 By (half of the World’s age) will have a redshift
of 1+ 2z =2. Photon travelling for 12.64 By will have a redshift of 1+2z=9. The
difference is due to the dependence of the Medium friction on time: it was 9 times greater
at temir = 1.58 By thanitisnowat t = 14.22 By.

Experimental observations measuring light from distant galaxies and supernovae seem to
imply that the World is expanding at an accelerated pace, as is evident from the observed
redshift. The time varying friction of the Medium offered above provides an alternative
interpretation of these observations.

M. Lopez-Corredoira has this to say about the loss of energy by photons:

The idea of loss of energy of the photon in the intergalactic medium was first suggested in
1929 by Zwicky. Nernst in 1937 had developed a model which assumed that radiation was
being absorbed by luminifereous ether. But there are two problems: 1) all images of distant
objects look blurred if the intergalactic space produces scattering; 2) the scattering effect and
the consequent loss of energy is frequency dependent. 18

Different mechanisms were proposed to avoid blurring and scattering. A paper by M.
Lopez-Corredoira provides an excellent review of such mechanisms. 18

Laio A. et al showed that the shift of photon frequency in low density plasma (which is the
case in our Model) could come from quantum effects derived from standard quantum
electrodynamics. 19

According to E. ]. Lerner, quantum mechanics indicates that a photon gives up a tiny
amount of energy as it collides with an electron, but its trajectory does not change. 20

There is another way to explain the absence of the blurring and scattering. Back in 1839
James McCullagh proposed a theory of rotationally elastic medium, i.e. the medium in
which every particle resists absolute rotation. 21 This theory produces equations analogous
to Maxwell’s electromagnetic equations. In our opinion, the Medium of the World is in fact
such a rotationally elastic medium. We propose to review the interaction of photons with
the Medium in light of this very unique theory.

18 M. Lopez-Corredoira (2003), astro-ph/0310214v2.

19 A, Laio, G. Rizzi, and A. Tartaglia, Phys. Rev. E, 55, 7457 (1997).

20 E. J. Lerner, The Big Bang never happened: a startling refutation of the dominant theory of the origin of the
universe, Random House, Toronto, 1991.

21]. McCullagh, Transactions of the Royal Irish Academy, 21, 17 (1839).
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3. PARTICLE PHYSICS

3.1. ANALYSIS OF MAXWELL’S EQUATIONS

In speaking of the Energy of the field, however, I wish to be
understood literally. All energy is the same as energy, whether it
exists in the form of motion or in that of elasticity, or in any other
form. The energy in electromagnetic phenomena is mechanical
energy.

James Clerk Maxwell

Maxwell’s equations, together with the Lorentz force law, form the foundation of classical
electrodynamics, classical optics, and electric circuits [Wikipedia, Maxwell’s equations]. We'll
subsequently refer to Maxwell equations and Lorentz law jointly as Maxwell-Lorentz
equations (MLE).

The value of MLE 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 equation. 22

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 1918.23 It allows us to use formal analogies between the electromagnetism
and relativistic gravity.

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].

Maxwell’s equations vary with the unit system used. Although the general shape remains
the same, various definitions are changed, and different constants appear in different
places.

We’'ll start our discussion with MLE in SI units. We will not rewrite well-known equations,
but only provide the relationships between physical quantities used in MLE for
electromagnetism and gravitoelectromagnetism in the Tables 3 and 4:

22 ], Swain (2010), arXiv: 1006.575.
23 H. Thirring, Physikalische Zeitschrift 19, pp. 204-205 (1918).
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Table 3. Electromagnetism

Charge Impedance of

Electromagnetic Field

Magnetic Flux

q,C ,
Zy = E=ﬂoc'-(2
€o

¢bq, Wh

Electric Current Magnetic Parameter

Electric Potential

Iy, A po Hm™* Ug,V
Magnetic Field Intensity Electric Parameter Electric Field
H,, Am™* g0 = (Hoc®)Hpm™t E,Vm™!
Electric Flux Density Electrodynamic Constant Magnetic Flux Density
D, Cm™2 c,ms ! B, Wbm™?

Table 4. Gravitoelectromagnetism

Mass Impedance of Gravitational Gravitomagnetic Flux
Field
2.1
m, kg , ug_ﬂc G, M-S
9 = | T Hg
&g
Mass Current Gravitomagnetic Parameter Gravitoelectric potential
Ly, kgs™! _4nG U,,, m?s—2
Hg =~3
Gravitomagnetic Field Gravitoelectric Parameter Gravitoelectric Field
Intensity
H,, kgm 1s1 gg = (Ugc?)™! E,, ms™?
Gravitoelectric Flux Density Gravitoelectrodynamic Gravitomagnetic Flux
Constant Density
D, kgm? c,ms™ 1! B,, s !

In Maxwell-Lorentz equations, electrodynamic constant c¢ is defined as the ratio of the
absolute electromagnetic unit of charge to the absolute electrostatic unit of charge. It is
easy to see that the dimension of products (Charge x Magnetic Flux) and (Impedance x

Charge squared) equals to that of the Plank constant.

From the above Tables it becomes clear that the dimensions of all physical quantities
depend on the choice of the charge and mass dimensions (Coulomb & kilogram in SI units).

In other unit systems the dimensions are different. For instance, in Gaussian units (CGSE):

3 1
o [q] = cmigis
e [Z,]=cm1s

1
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In CGSM:

1 1
e [gm] = cmzg:
o [Z,]=cms™?!

We seem to possess a substantial degree of freedom when it comes to choosing the
dimension of charge. For an arbitrary charge transformation parameter K, we can

e Multiply the charge and mass and all physical quantities on the left side of Tables 3
and 4 by an arbitrary parameter K

e Divide impedances by K2

e Divide magnetic fluxes and all physical quantities on the right side of Tables 3 and 4
by K.

Following such a transformation, all physically measurable parameters such as force,
energy density, and energy flux density remain the same, and have the same mechanical
dimensions.

By definition, 1 Coulomb equals to one tenth of the absolute electromagnetic unit of charge.
It follows that in SI we use electromagnetic unit of charge e in the electrostatic Coulomb
law instead of the electrostatic unit ; This seems a bit odd.

Likewise, when describing Newtonian Law of gravitation, we use m - the inertial mass,
instead of gravitoelectrostatic charge mc - the gravitational mass. The
gravitoelectromagnetic charge is then mc?. Similarly to the electromagnetic field, the
gravitoelectrodynamic constant c¢ is the ratio of the absolute gravitoelectromagnetic unit
of charge to the absolute gravitoelectrostatic unit of charge.

All elementary particles in the World are fully characterized by their four-momentum
(g, p) that satisfies the following equation:

(52— p? = Inv = (mc)? 3.1.1
where the invariant is, in fact, the gravitoelectrostatic charge mc squared, and E is the

gravitoelectromagnetic charge.

The inertial mass and the gravitational mass are not the same physical quantity. Instead,
they are proportional to each other, and their ratio equals to the gravitoelectrodynamic
constant c. The classical theory offers no compelling reason why the gravitational mass
mc has to equal the inertial mass m, commonly referred to as “rest mass.”

Analogous to electromagnetism, we can think of m as a gravitocapacitor. Then, E = mc?
describes the accumulation of energy by gravitocapacitor with capacity m, rather than
transformation of energy to mass.
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When a gravitoelectrostatic charge of a particle equals to momentum ppg,
gravitomagnetic flux ¢pp is

¢pp =—=App 3.1.2

h
PDB

known as de Broglie wavelength.

The notion of “wavelength” is thus a macroscopic notion, namely, gravitomagnetic flux of
particles characterized by four-momentum only.

3.2. MAGNETIC MONOPOLE, MAGNETIC DIPOLE

Maxwell’s equations of electromagnetism relate the electric and magnetic fields to each other
and to the motions of electric charges. The standard equations provide for electric charges,
but they posit no magnetic charges [Wikipedia, Magnetic monopole].

Let’s start from the original equations. The Dirac’s equation introduces the magnetic
monopole:
Bl 3.2.1

4TTE 4

where n is an integer, and e and p are electromagnetic charges. Taking into account the
following well-known equation

2

e ahc

e = m 3.2.2
for n =1 we obtain the minimum magnetic charge p = %
Impedance of electromagnetic field Z, equals to

Zy=—=2 3.2.3

Using the equations for Z, and p derived above, we obtain the magnetic parameter p:

Ho = —— 3.2.4

It is well-known that the dimension of the magnetic field intensity [Hq] = Am™~1. We can
rewrite it in the following way:

[Hy] = = = ol 3.2.5

m2s
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where d,, is electromagnetic dipole of the electromagnetic charge g¢q. It looks like
magnetic field intensity H, is, in fact, the current density of electromagnetic dipoles d,.

Using the constitutive relation

B, = ugH, 3.2.6
we can express the magnetic flux with the following equation:

g = toHyS = poly,, 3.2.7

where S is a magnetic flux area, Iy is current, and H, is the current density of
electromagnetic dipoles d,,.

Magnetic flux quantum ¢, can then be expressed as follows:

h uc

h
¢)0 = ; = ,uOIdm = %7 3.2.8

and the quant of electromagnetic dipole current I;  is:

. ko
I, =5 =% 3.2.9
0
where 1, is the atomic time:
Ty = =2 3.2.10

It means that the magnetic flux ¢, is the magnetic current of the electromagnetic dipoles:
dy, = % 3.2.11

While the magnetic field intensity H, is the current density of electromagnetic
dipoles d,,, the electric flux density D, is the current density of electrostatic dipoles

e =20 3.2.12
To summarize, electrostatic and electromagnetic monopoles are not the subjects of
Maxwell-Lorentz equations; instead, currents and current densities of the electrostatic and
electromagnetic dipoles are. We will subsequently refer to electrostatic and
electromagnetic dipoles as simply Magnetic Dipoles (MDs). Previously, we have also used
the term “DIRAC” to refer to these particles (see Section 2.9.)

So-called “auxiliary” magnetic field intensity and electric flux density are indeed real
physical characteristics of the electromagnetic field. They refer to current density of
magnetic dipoles.
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DIRACs have negligible electrostatic and electromagnetic charges, since the separation
between charges is very small (%). They do, however, possess a substantial

electromagnetic dipole momentum d,,, that equals to half of the Bohr magneton pup:
Aem = “73 = 4.63700484(10) x 1072* % 3.2.13

The same conclusion can be derived for ELOPs - magnetic dipoles made of two preons:
they have negligible charge and a dipole momentum that equals to the nuclear magneton
HUn:
eh
4nmy

Uy = = 5.05078324(13) x 1027 § 3.2.14

It is interesting to proceed with the same approach for the gravitoelectromagnetic field. It
turns out that:
. s . h
e The quant of the gravitoelectromagnetic dipole is ﬁ ;
. s . h : :
e The quant of the gravitoelectrostatic dipole is pom (spin of fermions);
e The gravitomagnetic field intensity is the current density of MDs ﬁ;

. . . . h
e The gravitoelectric flux density is the current density of the MDs ot

3.3. DIRAC’S EQUATION FOR GRAVITOELECTROMAGNETIC FIELD

Recall Dirac’s magnetic monopole equation:

e hc
ﬁ =n_ 3.3.1
This equation is known as the Dirac quantization condition. Wikipedia [Magnetic
monopole] says: The hypothetical existence of a magnetic monopole would imply that the
electric charge must be quantized in certain units; also, the existence of the electric charges
implies that the magnetic charges of the hypothetical magnetic monopoles, if they exist, must
be quantized in units inversely proportional to the elementary electric charge.

The charge of Dirac’s monopole equals to

U= n&lt = p L 3.3.2

e 2a

and the minimum charge (n=1) is:

f=— 3.3.3

2a

56



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

e - 3.3.4
dmeg 2m Mp AT

Taking n = 1, we obtain the minimum product of the masses
mM = ~ME = 2.36904 x 1071 kg? 3.3.5

Neutralino is the heaviest particle in our model: my = 2.3441924 x 10~%* kg. The
smallest mass of a macroobject with which a neutralino would interact M,,;,, equals to

2
Mo = 5~2 = 1.0106 X 10° kg 3.3.6

N

M,,in is then the smallest mass of a macroobject produced by a Medium fluctuation that
could initiate a gravitational collapse of particles.

Two smaller objects whose masses are close to Mp could initiate a gravitation collapse as
well. Cosmic dust particles discussed above could be playing a significant role in this
process.

Let’s calculate the magnitudes of fluctuations required to produce macroobjects possessing
the minimum mass M,,;,.

For galaxies with an average density

Pc X Per X Q% 3.3.7
the minimum size of a fluctuation is

Romin =3 %X10°m 3.3.8
which is much smaller than the size of a galaxy (~ 102! m).

For extra-solar systems with an average density

1

PEss X Pcr X QZ 3.3.9

the minimum size of a fluctuation is
Ressmin = 6.6 X 107 m 3.3.10

which is much smaller than the size of extra-solar system (~ 10'® m). Rgsomin is about 10
times smaller than the radius of the Sun = 7 x 108 m.

To produce a dust particle with mass mgnin
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Mamin = My, = 2.1767 x 1078 kg 3.3.11
the minimum size of a fluctuation in galaxies is:

Tomin = 1.8 X 10* m 3.3.12
and in ESS

Tessmin = 4 X 102 m 3.3.13

These calculations are true for present conditions of the Medium, but the properties of the
Medium are changing with time. Let’s consider how the first macroobjects arose.

At the very Beginning when the radius of the World was equal to a and the density p..
was equal to

Pcro = 3P0 3.3.14
the total energy inside of the Core of the World was equal to

which is sufficient to produce DIRACs and lighter particles only. The conditions for
generating the first macroobjects (which are in fact particles) actualized when the size of
the World was about the Compton length of a preon. The total energy at that time was
equal to:

3) — 36mEo 3.3.16

EW(Q:; a?

and was sufficient to generate the very first ensemble of particles.

3.4. ELEMENTARY CHARGE

Conceptually, Maxwell’s equations describe how electric charges and electric currents act as
sources for the electric and magnetic fields. Further, it describes how a time varying electric
field generates a time varying magnetic field and vice versa [Wikipedia, Maxwell’s
equations].

Maxwell’s equations produce only two physically measurable quantities: energy density
pe, and energy flux density jr.  Other notions - electrical field, magnetic field, etc. -
describe the behavior of the Medium, and are only used to calculate p; and jg.

Maxwell’s equations then take densities p, and current densities j, of electric charges as

inputs, and calculate the energy density and energy flux density of the electromagnetic
field. While the dimensions of charges are our choice, the dimensions of the output
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characteristics of the electromagnetic field are solid - energy density and energy flux
density.

Based on these speculations, it seems reasonable to use Energy for the dimension of the
electromagnetic charge, and Momentum for electrostatic charge. Maxwell’s equations will
then use the characteristics of an electromagnetic field having the same dimensions.

With this generalization of MLE, the notion of charge takes on a new physical meaning. We
will use the electron rest energy E, as the unit of electromagnetic charge. Positron
possesses the same amount of energy. Electron-positron annihilation is simply a release of
their combined energy.

There is of course a difference between particle and anti-particle electromagnetic quants of
energy. One way to explain this difference is the resonance effect of the ponderomotive
forces between two pulsating spheres immersed in the Medium of the World.

Lord Kelvin and C.A. Bjerknes investigated this mechanism between 1870 and 1910.
Bjerknes showed that when two spheres immersed in an incompressible fluid were
pulsated, they exerted a mutual attraction which obeyed Newton’s inverse square law if the
pulsations are in phase. The spheres repelled when the phases differed by a half wave. 24

We apply this 140 years old mechanism to electric charges interaction. Recall the first line
of Maxwell’s equations for electromagnetic field:

Zah n 3.4.1

e? 2e

Using the flexibility of the electromagnetic charge dimension we replace e with
eg = 471(’2“—;)2. Magnetic parameter

2ah

Ho = co? 3.4.2
transforms into pg4:
_2ah _ 2m’aper _ Pp
#og - ceﬁ - 3 C_2 - C_2 3.4.3

Hog Precisely equals to the value of proton mass density in the Medium of the World (see
equation 2.5.5).

It follows that we can treat the electromagnetic field with constant magnetic parameter p,
in the time varying gravitational Medium with the magnetic parameter u,, (which is the

Medium’s partial proton mass density proportional to t~1) and the time varying electric
1 1

. ES : . L . 1
charge e, proportional to tz asa sphere with the radius ﬁ proportional to t4.

24 V. F. K. Bjerknes, Fields of Force, Columbia Press (1906).
59



Of course, we can return to the equation describing the electromagnetic field with the
. . L .
constant magnetic parameter using ﬁ - 1, transformation:

Amr? 2ah L 3.4.4

c(4nrl)? 8nr?

The electron can then be viewed as a pulsating sphere with radius 7,.

Energy irradiated by the pulsating spheres is compensated by the energy flux through the
closed surfaces of objects from the surrounding Medium of the World.

In our Model, energy of an object equals to the area of a closed surface multiplied by the
surface enthalpy oy:

E, = 4nrfo, 3.4.5

We use 3.4.5 to calculate the radius of an electron:

1
7, = (ma)zay, = 0.15141105q, 3.4.6
Electron radius 7, is about 6.6 times smaller than the classical electron radius a,.

It is interesting to proceed with the same approach for the gravitoelectromagnetic field.
The first line of Maxwell’s equations for gravitoelectromagnetism is:

m MG o 3.4.7

c?

Using the flexibility of the gravitoelectromagnetic charge dimension we replace m with
3

my = 2, where L¢m, is a Compton length of mass m. Gravitomagnetic parameter u,

T 2Lem
4G
g = = 3.4.8
transforms into pg:
— 2Pcr _ PM
#gg - 3 C2 - C2 3.4.9

Hgg Precisely equals to the value of the Medium energy density py over c?.  The
impedance of gravitational field Z;;, = ug4c is the energy current density of the Medium

over c2. These conclusions emphasize the physical meaning and significance of energy
density p., as one of the main characteristic of the World.

: : I .
Gravitomagnetic Flux ¢,, transforms to mass current I, =C—'§, where [Igis energy

current, and gravitomagnetic flux density B,, becomes energy current density over c2.
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The same approach can be used for all particles in the Medium: protons, electrons, photons,
neutrinos, and dark matter particles, whose energy densities were discussed in Sections
2.7,209.

To summarize, electromagnetic and gravitoelectromagnetic charge can be expressed as
Energy, or alternatively as Area multiplied by a.

3.5. MODEL OF AN ELECTRON

The main idea of quantization of an electron electric charge e is connected to the existence
of a magnetic monopole with an electric charge u which is located close enough to the
electron. We transform this idea, and propose the existence of a magnetic dipole close to
the electron.

A model of an electron in a semi-classical approach can then be pictured as follows:
pulsating sphere with radius 7, and an electromagnetic energy E, is rotating around a

Lee

: . : . : L
stationary magnetic dipole axis at a distance from the axis and ﬁ from the

inf
dipole, where 6 is the angle between the dipole axis and the direction to the rotating

electron that satisfies the following equation:

cos 0 = i\/g 3.5.1

The different signs (+) correspond to an electron (+) and a positron (—) rotating on the
different sides of the stationary magnetic dipole. It is a well-known result of
electromagnetic theory for stable rotation of the point charge around the stationary point
dipole.

In this “Cone” model of an electron, the orbital angular momentum L equals to spin

h . L :
§ = and the orbital magnetic dipole momentum equals to “73 The dipole momentum
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of the magnetic dipole also equals to (3.2.13). The total magnetic momentum then

KB
2
equals to pup - the Bohr magneton.

The classical model introduces g-factor with a value of 2 to explain the magnetic
momentum of an electron. The Cone model avoids introduction of an additional arbitrary
parameter.

Electrical potential U; of a magnetic dipole is

U, =4 cosd 3.5.2

2 4megr?
and interaction energy E,; between the electron and the magnetic dipole is
Eed = eUd 3.5.3

Taking b for the radius of an electron rotation, we obtain

acos 0 (sin 0)? n
16m2b?

Eeq = 3.5.4

: : : . h : :
We proceed to calculate the rotation radius b of an electron with spin L. rotating with

momentum m,v:

h

b= 3.5.5
4mTmev
and
2
E.q = aE,cos 0 (sin 6)? 1;—2 3.5.6
When v = c:
ta =22 aE, = 14353 keV 3.5.7

When v = ac (asitisinanatom):

E = igcﬁEe =~ 0.07643 eV = 887 K 3.5.8
ed 9

Note that according to 3.5.8, the electron binding energy is quite low, and the energy
required for removal of an electron from a magnetic dipole can easily be supplied by an
application of an electric field or temperature.

The above “Cone” model is rough, as it does not take the mass of the dipole m; into
account. Likewise, we have simplistically assumed that the dipole is stationary. It would be
interesting to develop this model into a full-fledged theory, as the concept of “Cone”
construction of charges around magnetic dipoles may come useful in other applications as
well.
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Magnetic Dipole — DIRAC - is a unique creature of the World. A DIRAC is comprised of two
monopoles. The monopoles possess electrical charges of u*and u~, and masses of %
The charge-to-mass ratio of a monopole equals to that of an electron. DIRACs have a spin of
0, and consequently they are bosons.

Fermions p* and u~ with masses % are the smallest building blocks of a cluster

structure of protons, WIMPs, neutralinos, constituent masses of Up and Down quarks,
mesons, pions, etc.

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?).25 He noticed that meson masses are even multiplies of a mass unit %, baryon

(and also unstable lepton) masses are odd multiplies, and mass differences among similar
particles are quantized by mg = 70 MeV /c?. During the last 40 years M. H. Mac Gregor
studied this property extensively. 26

3.6. FRACTAL STRUCTURE OF PARTICLES

We are all agreed that your theory is crazy. The question that
divides us is whether it is crazy enough to have a chance of being
correct.

Niels Bohr

In our Model, the masses of all particles of dark matter are proportional to basic mass m,,
and the coefficient of the proportionality is the fine-structure constant raised to different

exponents. Each particle is — times heavier than the previous one, and in our Model, is

indeed built out of lighter particles. We will now take a closer look at this phenomenon.

RIr

In order for a larger particle to be =~ 137 times heavier than the lighter one, it has to be

composed of more than 137 lighter particles, taking binding energy into account. There is
then nothing surprising about the value of the Fine Structure Constant not being an integer
value.

The number of constituent particles is not presently known, but we do know that it must
satisfy two criteria: it must be odd, since all particles under consideration are fermions, and

25Y. Nambu, Prog. Theor. Phys. 7,131 (1952).
26 M. H. Mac Gregor. The Power of Alpha, World Scientific, Singapore, 2007.
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it must be divisible by 3, since in our Model, heavier particles often consists of 3 clusters of
lighter ones. The smallest number to satisfy these conditions is 141 = 3 X 47, and we will
use it in subsequent equations as an example; but keep in mind that 147 =3 X 49,
153,159 etc. would fit our Model just as well.

In our Model, sterile neutrino is the lightest particle of Dark Matter. An electron is
i heavier and consists of 3 preons of 47 sterile neutrinos each. An ELOP is a dipole made
up of two preons. Other Dark Matter particles are organized in a similar fashion.

Dirac’s monopoles with mass % =~ 35 MeV /c? are the basic building blocks of fractal

cluster structures of different hadron particles. Protons, WIMPs, neutralinos, mesons,
pions, constituent masses of Up and Down quarks are all built from Dirac’s monopoles.
Additionally, Dirac’s monopoles are the agent responsible for the strong nuclear
interaction.

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 the boson possessing the lowest mass m, (see Section 2.6). It consists of two
interacting neutrinos (one of the possible super-weak interactions, see Section 3.7), for
example electron and muon neutrinos:

1
_(« 2 _1 My, My, _ i _1
ma—(ﬁ> mg X Q 2<—m0 —24m0><Q2 3.6.1
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 fermion

composing the core of X-quant and gamma-quant.

Super soft X-rays [Wikipedia, Super soft X-ray source] 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 composed of two interacting muonic and tauonic neutrinos and have rest
1

mass of my ~ my X Q 2z which is decreasing with time similarly to an axion (3.6.1):
1

My X t 2.

Soft gamma-quants are composed of two sterile neutrinos (3.7 keV each). Hard and super-
hard gamma-quants may be composed of two preons (0.17 MeV each), which are ELOPs in
our Model, two Dirac’s monopoles (35 MeV each) which are, in fact, DIRACs, two WIMPs
(9.6 GeV each) or two neutralinos (1.3 TeV each). Rest masses of gamma-quants remain
constant with time.

As a result of electron-positron annihilation in the low energy case, two or three gamma
ray photons are created. At the first step the interaction of electron and positron stimulates
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decomposition of their cluster structures into three preons each. The six preons combine
into 3 ELOPs, which form the cores of gamma ray photons.

The reverse reaction, electron-positron creation, is a form of pair production from three
ELOPs in the Medium of the World induced, for example, by a super-strong intrinsic
magnetic field and a circularly polarized electromagnetic wave propagating along the
magnetic field lines in the magnetized pair plasma near the polar caps of the pulsar. 27

3.7. GRAND UNIFIED THEORY

The Grand Unified Theory is a model in particle physics in which at high energy, the three
gauge interactions of the Standard Model which define Weak, Electromagnetic, and Strong
interactions, are merged into one Single interaction characterized by one Larger gauge
symmetry and thus one Unified Coupling constant [Wikipedia, Grand Unified Theory].

By definition: a Coupling constant is a number that determines the strength of an interaction.
Usually the Langrangian or the Hamiltonian of a system can be separated into a kinetic part
and an interaction part. The Coupling constant determines the strength of the interaction
part with respect to the kinetic part, or between two sectors of the interaction part
[Wikipedia, Coupling constant].

For example, the gravitational coupling parameter a; can be defined as follows:

2mGm3

ae = hc

= (z—;)z 3.7.1

and the electromagnetic coupling constant g, as:

2
Ay = —— = a 3.7.2

2gghc -

a determines the strength of the electromagnetic force of electrons.

At an atomic scale, the strong interaction is about 100 times stronger than electromagnetic
interaction, which in turn is about 1010 times stronger than the weak force, and about 1040
times stronger than the gravitational force, when forces are compared between particles
interacting in more than one way.

All these definitions are based on strength of the force between a particular pair of
particles, and depend on the choice of such particles. Clearly, the gravity between a pair of
electrons will differ from that of a pair of protons.

27Y. Luo and P. Ji, Mon. Not. R. Astron. Soc. 420, 1673 (2012).
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A different way of comparing interactions is looking at their cross-sections. According to
Wikipedia, the concept of a Cross-section is used to express the likelihood of an interaction
between particles [Wikipedia, Cross section (physics)]. In our opinion, all fundamental
interactions of the World should be described and compared using their cross-sections,
which are the measure of the interaction likelihood, and don’t depend on the choice of
particles. The larger the cross-section, the faster an interaction occurs.

For example, an electromagnetically decaying neutral pion has a life of about 10-16 seconds;
a weakly decaying charged pion lives for about 10-8 seconds, and a free neutron lives for
about 15 minutes, making it the unstable subatomic particle with the longest known mean
life.

Let’s start with the gravitational interaction which is expressed by gravitational parameter
G:

G =t 3.7.3

ameg

Recall from Section 3.1 that we are free to choose an arbitrary charge transformation
parameter K without affecting the outcome of force, energy density, and energy flux
density calculations.

Let’s choose K = % and express mass m of an object in terms of Compton length L,
by multiplying m by K:

mK = m% = LL 3.7.4
cm

and divide the interaction parameter G = i by the same coefficient K squared:
)

GE?=PxQ7? 3.7.5

a’hc
8m '

where parameter P =

By dividing the left side of 3.7.5 by P we obtain the dimensionless gravitational coupling
parameter ag:

ag=0Q! 3.7.6

Note that following this transformation, the dimension of the gravitoelectric field is
“Energy,” and the dimension of the gravitomagnetic flux density is “Momentum”. Then the
well-known fundamental invariant of the electromagnetic field

(2 — B} = Inv 3.7.7

transforms into the fundamental invariant of the gravitoelectromagnetic field:
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™2 — B2 = Iy 3.7.8

Cc

and coincides with the fundamental invariant of the particles:

)2 = p? = Inw = (mc)? 3.7.9

c

Let’s use the same approach for electromagnetic interaction: divide the charge e by the

magnetic dipole o,
- 3.7.10

pag/2 a

and multiply the interaction parameter ﬁ by the magnetic dipole squared:
0

1 (Hdoy2 _ 1

471'80( 2 )" = 16n2aP 37.11
We calculate the dimensionless electromagnetic coupling parameter agy:

agy = (16m%a)™! = 0.8678 3.7.12

Neglecting the difference between ag), and value of 1, we can see that the ratio of the
coupling parameters is

26— 071 =1.3156 x 1074° 3.7.13
XEM
because the cross-section of the gravitational interaction is @ times smaller than the
cross-section of the electromagnetic interaction.

In particle physics, Fermi’s interaction also known as Fermi coupling is an old explanation of
the weak force, proposed by Enrico Fermi, in which four fermions directly interact with one
another at one vertex. For example, this interaction explains beta decay of a neutron by direct
coupling of a neutron with an electron, antineutrino, and a proton. The interaction could also
explain muon decay via a coupling of a muon, electron-antineutrino, a muon- antineutrino
and electron. The Feynman diagrams describe the interaction remarkably well [Wikipedia,
Fermi’s interaction].

The strength of Fermi’s interaction is given by the Fermi’s coupling parameter Gg:

8n3Gp E g°

= — = 1.16637 x 107> GeV 2 3.7.14
(hc)3 8 My,

Here g is the coupling parameter of the weak interaction, and My, is the mass of the W
boson.

In our Model, the following four fermions take part in beta decay of a neutron: a proton
with mass my, an electron with mass m,, a monopole with mass mTO, and an electron
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antineutrino with mass %, as follows from the following expression for the Fermi

coupling parameter:

mg
8m3Gr _ 167‘[3£ﬂ7 P _
(hc)3 8 me % (hc)3

1
= 813 g %% X Q71 =1.16621 X 1075 GeV/ 2 3.7.15

which is very close to the presently adopted value of 1.16637 X 107> GeV 2,

The accuracy of the above calculations depends on the accuracy of measurement of the
gravitational parameter G, that is not better than 10~* at present time.

The equality of Gpy and Greyp yields an electron antineutrinos mass of %, that

corresponds to its contribution to the energy density of the World’s Medium (see Section
2.7).

We find the cross-section of the weak interaction by multiplying (::)3 by (hc)3 %%a :

%%‘" Gr(he)® =Gy =P x Q™14 3.7.16
with the dimensionless weak interaction coupling parameter ay:

ay, = Q14 3.7.17
and the ratio of ay, to agy

W — -1/* =1.0710 x 10710 3.7.18

XEM

As for the strong interaction, the dimensionless coupling parameter ag equals to the
coupling parameter of the electromagnetic interaction agy:

as = Appy = 1 3.7.19

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 p in electromagnetic and strong
interactions respectively.

At the very Beginning (Q = 1) all extrapolated fundamental interactions of the World had

2
the same cross-section a: and were characterized by the Unified coupling constant:

aU == 0(5 == aEM == O(W == aG = 1 3720
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Pcro

At that time, the energy density of the World p.,., and the equivalent mass density

CZ
were:
Poro = =5 = 6.0640 x 103 3.7.21
Pero _ 2o _ 67470 x 1013 X2 3.7.22
C a m

Note that the mass density at the Beginning is much smaller than the nuclear density
k . : .

~10Y7 —gs. The average energy and mass density of the World has since been decreasing,
m

and their present values are given by

Per = Pero X Q71 =7.9775 x 10710 L 3.7.23
Por — L0 % 71 = 88760 x 10727 25 3.7.24

The gravitational coupling parameter «; is similarly decreasing:
a; =0Q71 « ¢t 3.7.25

The weak coupling parameter is decreasing as follows:

1 1

ay =Q 7% < t * 3.7.26
The strong and electromagnetic parameters remain constant in time:

as=agy =1 3.7.27
Our Model predicts two more types of interactions:

e Super weak with the coupling parameter agy:
1

asw =Q 2 3.7.28
e Extremely weak with the coupling parameter agy,:
3

The proposed new interactions may be revealed in the near future. In this light, we should
take another look at interactions of neutrinos with matter, photons with dark matter,
photons with neutrinos, dark matter with matter, neutrino oscillations, etc.
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4. THE WORLD

The constitution of the ether, if it ever would be discovered, will
be found to be quite different from any thing that we are in the
habit of conceiving, though at the same time very simple and
very beautiful. An elastic medium composed of points acting on
each other in the way supposed by Poisson and others will not
answer.

James McCullagh

The World - Universe Model is developed around two fundamental parameters: Fine-
Structure Constant a and dimensionless quantity Q. While a is a constant, Q increases
with time, and in fact defines the size and the age of the World.

The Model is based on Maxwell's equations for the electromagnetism and
gravitoelectromagnetism which contain a single constant - electrodynamic constant c;
two parameters of the Medium - magnetic parameter p, and gravitomagnetic parameter
lg; and two measurable characteristics: energy density and energy flux density. All other

notions are used for calculations of these two measurable characteristics.

Throughout our discussion we have paid close attention to energy density. Sometimes we
used the notion of mass density to facilitate understanding of the Model and correlations of
its results with the existent theories and models, but the two concepts were shown to be
interchangeable.

For all particles under consideration we used four-momentum, but the final result of the
statistical analysis was energy density.

The Fundamental quantities of the World are as follows:

e The surface enthalpy of the World - Universe Front og;

e The electrodynamic and gravitoelectrodynamic constant ¢, which is the speed of
the World - Universe Front;

e The radius of the World’s Core a;

e The dimensionless parameter Q, which is the size and age of the World measured

in the basic units a and % respectively.
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All Fundamental constants are connected to the physical characteristics of the World’s Core
- the Beginning of the World. All physical parameters of the World can then be expressed in
terms of these Fundamental quantities:

Hy, = E x Q1 Hubble parameter
A = % X Q Age of the World
R=axQ Size of the World
Po = % Basic energy density
Por = % x Q1 Critical energy density
E, = 0,a® Basic energy
Ey = 4moga® X Q2 Energy of the World
h = ooca3 Plank constant
G = 81':;0(1 x Q1 Gravitational parameter
SCLf = ﬁ x Q1 Einstein’s parameter

An alternative set of basic parameters fully describes the World as well:

e The Hubble parameter H;

e The basic energy Ej;

e The basic energy density py;

e The dimensionless parameter Q.

All physical parameters of the World can be expressed through these basic parameters:

A, = Hyt Age of the World
a= (%ﬁ Size of the World’s Core at the Beginning
Oy = (Eopg)é Surface enthalpy of the World-Universe Front
c=H, (%)é X Q Electrodynamic constant
R = (%)i X Q Size of the World
Per = 3po X Q71 Critical energy density
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Ey = 4nE, X Q? Energy of the World

E
h = H—° x Q1 Plank constant
0
C4 -1 . .
G = T X Q Gravitational parameter
8m(poE§)3
8nG - _ . -
:—4 = (poEE) 3 x Q71 Einstein’s parameter

In our discussion we have often used well-known physical parameters, keeping in mind
that all of them can be expressed through Fundamental quantities of the World.

We have developed the Fractal model of the World that describes the macroobjects
possessing energies proportional to the total World’s macroobjects energy

1 . . .
Eyo = EEW with varying coefficients:

e World: 1
1
e (Galaxy clusters: Q s
1

e (Galaxies: Q +
3
e Globular clusters: Q s
1
e Extrasolar systems: Q 2

The World consists of the Medium and macroobjects. The World has a preferred frame
defined by the Medium. Cosmic Microwave Background radiation (CMB) is a component of
the Medium. Based on the analysis of the CMB radiation we can measure the speeds of the
Milky Way and the Sun relative to CMB rest frame: 552 and 397 km/s respectively.

The World is not empty; instead, it must be treated as a Medium filled galaxies and stars.
The Medium behaves as an ideal liquid with unique properties.

Long time ago it was realized that there are no longitudinal waves in the Medium, and
hence the Medium could not be an elastic matter of an ordinary type. In 1839 James
McCullagh proposed a theory of a rotationally elastic medium, i.e. a medium in which every
particle resists absolute rotation.

The potential energy of deformation in such a medium depends only on the rotation of the
volume elements and not on their compression or general distortion. This theory produces
equations analogous to Maxwell’s electromagnetic equations.

The World - Universe Model is based on Maxwell’s equations, and McCullagh's theory is a
good fit for description of the Medium.

In any homogeneous and isotropic cosmology including our Model with homogeneous and
isotropic Medium, the Hubble parameter H, and its inverse, the Hubble age of the World,
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and also the Hubble length defined as HL, are absolute and not relative quantities. The
0

Center-of-mass frame of the Hubble sphere can be regarded as a preferred frame.

In light of the Hubble effect, we apply the following transformation to Maxwell’s equations:
3

multiply the left side parameters of the Table 4 by the parameter %, divide the

impedance of the Medium by the same parameter, and leave the right side parameters of
the Table 4 alone:

a3

9 = 2Lom

Zg =% c=H ac 4.1

As a result of this transformation:

e All parameters of the gravitoelectromagnetic field have dimensions of length and
time; “mass” dimension has disappeared;

e The gravitoelectromagnetic charge has a dimension of “area”, which is equivalent to
energy, with coefficient that equals to the surface enthalpy ay;

e The impedance of the Medium equals to the Hubble’s parameter for the whole
World.

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 Hubble’s
parameter is then the most important characteristic of the World, as it defines the World'’s
age.

The second important characteristic of the World is the gravitomagnetic parameter ug:
1
Ug = R 4.2

Taking its inverse value, we can define the absolute radius of the World.

We emphasize that the above two parameters are principally different characteristics of
the Medium that are connected through the gravitoelectrodynamic constant c.

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 understanding of the World.
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