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Preface

This book is an attempt to organize the main ideas and to unify the descriptions that were
included in my letters, papers and books written in 1976-2022 on particle physics, cosmology,
astrophysics, atomic nucleus physics, atomic physics, brain-mind interactions, chaos theory,
or quantum physics. It isa book about the missing part of the theory of everything (ToE). The
Scale-Symmetric Theory (SST) is based on two pillars. The first pillar describes the four
successive phase transitions of the initial inflation field composed of tachyons/pieces-of-space
and it isthe basis of the ToE. The second pillar is the atom-like structure of baryons, which is
due to the electroweak and nuclear strong interactions. This second edition of my book is the
result of the revision of the International System of Units, the SI, which entered into force on
20 May 2019. In this version, | have introduced significant ssmplifications. Moreover, the
obtained results are more accurate.
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Chapter 1

| ntroduction

1.1. Need for new methods

For decades we are still not able to solve dozens of basic problems in physics and
cosmology. Why?

The most common error in theories is not separating the definitions from the laws of
Nature. The definitions can be freely chosen and do not require justification. On the other
hand, the laws of Nature, i.e. mathematical formulas that describe the internal structures of
objects or their dynamics, must aways be justified on the basis of possible physical
phenomena resulting from the initial conditions.

If, for example, differential equations appear in theory as some hocus-pocus, and then we
add a large enough number of free parameters to fit the theoretical results with the
experimental data, this is quackery that has nothing with real physics.

The laws of conservation of some physical quantities (or symmetries) are laws of Nature,
so they must be derived from the initial conditions. For example, in mainstream physics there
is no justification why an electric charge is invariant. The clam that this is due to the
symmetry of a gauge transformation is not an explanation because such a transformation is a
mathematical operation and not a physical phenomenon.

So gauge transformations are not the right way to formulate the missing part of the theory
of everything (TOE).

Physics needs new methods and here we present them.

Here, due to the viscosity that results from smoothness of surfaces of the inertial masses,
due to the possible quantum entanglement and/or confinement of the components of the Scale-
Symmetric-Theory (SST) absolute spacetime (SST-As), instead of solving differential
equations of mation or looking for symmetries resulting from the gauge transformations, we
are looking for stable or metastable dynamical distributions of the components of such
spacetime. The distributions lead to the coupling constants which are the core of the
dynamical description. Most of such distributions cannot result from solutions of the equations
of motion because the observed particles have too rich internal structure which requires the
use of various methods for single particles.

The General Theory of Reativity (GR) starts from the assumptions that the inertial mass
and gravitational mass, Minertia @d M gravitaiional respectively, have the same value

Minertia = I\/Igravitational (111)

and that there is an upper speed limit Vypper = C = 299,792,458 m/s. Such a theory leads to
the relativistic masses which are consistent with experimental results — for the upper speed
limit, there appears a relativistic-mass singularity so within GR we cannot describe
phenomena concerning such a singularity and tachyons i.e. objects that are moving with
superluminal speeds.



In this book, we show that the four fundamental phase transitions of the inflation field lead
to the five levels of Nature: to the tachyons the SST Higgs field (SST-Hf) consists of, to the
superluminal quantum-entanglement objects (entanglons), neutrino-antineutrino pairs the SST
absolute spacetime (SST-As) consists of, to the core of baryons, and to the core of the
cosmological Protoworld — dynamics of the last three objects is similar. The strength of SST
comes from the fact that it contains only 11 parameters and leads to physical constants and all
the basic physical quantities used in particle physics and cosmology, and many used in other
areas of physics. SST isthe classical non-perturbative theory.

In the last section we show that the SST is the seven-parameter theory but then the
math of such a theory is much more complicated because we have to solve systems of
equations with a large number of unknowns.

Here we will show that the Quantum Mechanics (QM) is the result of neglecting the
exchanges of the spin-1 superluminal objects (the entanglons) the general-relativity and

guantum-mechanics matter consists of (i.e. matter with the upper speed limit equal to C). In
SST, there appear the entanglons so we do not apply the QM formalism. The quantum
behaviour of a particle (i.e. the disappearance in one place of a field and appearance in
another one, and so on) has a classical but superluminal origin.

Generaly, the matter and energy behave classically so the SST is the pure classical theory
with physical quantities quantized classically.

Each spinning object immersed in a granular field curves the field, i.e. creates a gradient
with non-spherical symmetry. Gravitational mass have objects that at distances a few times
bigger than such objects can create in the Higgs field a gravitational gradient with spherical
symmetry — such gradient is defined by the known gravitational constant G. Neutrinos are the
smallest objects that create such gradients. We assume that objects with invariant inertial
mass (i.e. such mass does not depend on velocity) can be tachyonic. There are two such
objects: the tachyons the SST Higgs field consists of and the entanglons the neutrinos consist
of. Let us emphasize that the SST neutrinos have specific properties because their mass is
invariant even though their inertial mass is equal to the gravitational mass. This does not
apply to their inertial and gravitational energies, as they are made of superluminal entanglons,
and the neutrinos themselves travel at the speed of light in “vacuum” C relative to the object
with which they are entangled. Neutrinos cannot change their mass because the SST
spacetime does not contain free entanglons from which neutrinos are built of. SST shows that
neutrinos are boundary objects of the GR that do not obey the laws described in it.

Without understanding the properties of neutrinos (i.e. the Planck scale), we cannot
formulate the theory of everything.

Tachyonic objects (i.e. the tachyons and entanglons) we can call the imaginary objects
because we can detect them only indirectly as a gravitational field and quantum entanglement,
respectively. But we can precisely define their properties because when we apply the
minimum number of initial conditions, only the unique set of initial physical quantities leads
to the experimental data.

1.2. Nomenclature used in SST

The definitions of structures, physical quantities and their units are not laws of Nature, but
the language of description. Using the same definitions allows you to compare the theoretical
results obtained in different theories with experimental data. Let us emphasize, however, that
new and extended definitions must emerge in the broader theories. SST is the missing core of
ToE, so new and extended definitions are needed. Redundant definitions appear in incomplete
and at least partially erroneous theories.



External helicity and internal helicity: externa helicity is defined by toroidal motion and
kinetic velocity while internal helicity is defined by poloidal motion and toroidal motion
(Fig.1). Thin torus (loop) and other tori with central hole are the simplest objects that
can have internal helicity. We will show that the poloidal motions lead to the low
violation of the CP symmetry, where C denotes the charge conjugation, and P is the
parity transformation.

Fig.1l
A vortex with nght-handed external heheity
and left-handed internal helicity.

Tachyon: a spinning internally structureless inertial mass (a piece of space) with a size
about 29 orders of magnitude lower than the Planck length. It is a physical volume with
the same inertial-mass density at all points inside it. Spinning inertial masses create
some non-spherical gradients in fields composed of inertial masses but they do not
cause arelativistic mass of the inertial mass to appear.

Closed string: a circle-like superluminal spin-1/2 loop made of tachyons being in direct
contact, with a radius about 10 orders of magnitude and thickness about 29 orders of
magnitude lower than the Planck length.

SST Higgsfield (SST-Hf): afield composed of tachyons.

Entanglon: a superluminal spin-1 binary system of the closed strings responsible for
guantum entanglement. It is very stable because it isimmersed in the SST Higgs field.
Initial inflation field: the field with left-handed externa helicity composed of tachyons

packed to maximum.

SST absolute spacetime (SST-As): afield composed of the non-entangled (entanglement is
directional) and non-confined (confinement is volumetric or circular) and non-rotating-

spin-1 neutrino-antineutrino pairs moving with their natural speed C in relation to such
absol ute spacetime. The SST-As behaves as superfluid.

SST spacetime (SST-S): the two-component spacetime composed of the SST Higgs field
and the SST absolute spacetime (SST-Hf and SST-As).

Quantum entanglement: the entanglement of the components of the SST absolute
spacetime caused by exchanges of the superluminal entanglons. Distance between
entangled components can change. But there are the two very stable states for the two
shortest-distance quantum entanglement.

Confinement: it is the confinement of the spin-1 components of the SST absolute
spacetime (or neutrinos) caused by the SST Higgs potential created by them. Distance of
such confinement is invariant. Ranges of the SST Higgs potential are different for
spacetime condensate and electron loop.



Photons and gluons. photons and gluons are the rotational energies of single component or
entangled components of the SST absolute spacetime. In fields that have internal
helicity (the nuclear strong fields have such helicity), because of the three helicities of
the components of the SST absolute spacetime, the photons behave as gluons so instead
of the one type of photons we have the 8 types of gluons. In SST, the gluons are not
confined in the nuclear strong fields.

Baryons and electrically charged leptons: cores of such fermions consist of a spin-1/2
torus/electric-charge and a spin-0 central ball/condensate both composed of the
components of the SST absolute spacetime (Fig.2). We know that following equation
defines atorus:

0P+ Y+ A—d-b) =4 (@E-2D). (1.2.1)

The spin-1/2 tori are most stable when b = 2a because then the distance between points
in the same state on the torus in the plane of the equator is 4a = A, where A is the
classical radius of a fermion (it is the 4/3 of the quantum radius). Then the maximal
changes in amplitude of the standing wave coincide with the centre of the condensate
and a point on the circular axis of the torus, while its three nodes are placed on the
torus. The spin speed on the equator is C so the mean spin speed of the torus is 2¢/3 — it
forces the radial and poloidal motions of the SST-As components so there appears the
spin-0 condensate in the centre of the torus. Mean radius of the tori is the 2/3 of their
equatoria radius.

Outside the core of baryons is obligatory the Titius-Bode law for the nuclear strong
interactions.

equator

intermal

=1
equaltol b=1a

Fig 1. Stable cores of fermions.

Instead the torus/electric-charge of the electron, there can be a spin-1/2 loop (it has the
poloidal and toroidal speeds) with radius equal to the equatoria radius of the torus.
Neutrinos: there are three species of neutrinos, i.e. the 6 different neutrinos. The tau-
neutrino consists of 3 different smallest neutrinos so we have 4 different smallest
neutrinos, i.e. 2 species of smallest neutrinos (the electron-neutrino and muon-neutrino).
Cores of smallest neutrinos look as both the core of baryons and cores of electricaly
charged leptons but instead the SST-As components there are the superluminal spin-1
entanglons. It means that the smallest neutrinos carry the weak charge. The smallest
neutrinos differ by orientation of the spins of entanglons on their torus and by the
internal helicity. Their radius is close to the Planck length. The neutrino-antineutrino

pairs are moving with the speed C despite the fact that they have the gravitational
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masses — it follows from the fact that they cannot attach entanglons because there are
not free entanglons in the SST spacetime. On the other hand, for example, a moving
proton can attach SST-As components so there appears the relativistic mass — it follows
from the conservation of the spin of the torus/electric-charge of the proton and from the
fact that the natural speed of the SST-As components in the SST absolute spacetime is
C. Due to the tremendous non-gravitating energy frozen in each neutrino, neutrinos are
the very stable particles. Oscillations of neutrinos are an illusion resulting from the
switching round of neutrinos in collisions of free neutrinos with free or bound neutrinos.

Zero-energy field: the zero-energy field is associated with the excited states of the SST
absolute spacetime. Rotational motions of photons and gluons and other ordered
motions decrease dynamic pressure in the local SST-As so local density of it must
increase. Mass of the additional spacetime components is equivalent to the carried
energy — it leads to the origin of the Einstein formula E = mMc?. We see that momentum
density and momentum flux both increase the local energy density, i.e. they increase
density of the zero-energy field. The same concerns the shear stress because it forces
creation of the particle-antiparticle pairs. Such is the origin of replacement of the
Newtonian mass density with the Einsteinian stress-energy-momentum tensor. We can
say that such atensor leads to the granular SST absolute spacetime and vice versa. But
emphasize that contrary to the Einstein’s spacetime, the SST-As is not eéastic but
granular and it does not concern the gravitational fields.

Unification of GR and QM: In SST, gravitating masses create gradients in the SST Higgs
field, i.e. create the gravitational fields. Such gradients cause that the GR time is not
absolute. On the other hand, gradients are not produced in the SST absol ute spacetime —
there are created the virtual pairs. It means that time in QM, which is associated with the
SST absolute spacetime, is absolute. It isimpossible to merge the not absolute time with
absol ute time within the same methods so unification of GR and QM isimpossible —we
can “unify” such theories only viathe phase transitions of the initial inflation field.

Dark matter (DM) loops: they are a circle-like loops composed of the SST-As components
with spins tangent to the loop (in the electron loop, the spins are perpendicular to the
loop so they can rotate, i.e. they can interact electromagnetically). Such loops cannot
interact electromagnetically because the spins of the SST-As components cannot rotate.
We show in this book that mass of the DM-loop is~2.08-107* kg. Such DM-loop with
shortest-distance quantum entanglement has radius ~0.23-10"> m (~0.23 fm). A DM-

torus built of such DM-loops has mass ~727.4392 MeV .
Dark energy (DE): the field composed of the DM strings, i.e. of the open DM-loops. Such

DE components/segments move with the speed C so they increase dynamic pressure of
the ground state (i.e. of the not excited state) of the SST-As At sufficiently high
mass/energy density, there can be the transitions of the DE-segments into the DM-loops
and DM-tori, and vice versa. For example, the DM-tori were produced at the end of the
SST inflation.

Our Cosmos: from the succeeding phase transitions of the inflation field follows that radius
of our Cosmos is about 2.3-10*° m. Our Universeisa part of our Cosmos.

Virtual particles: They are the objects created spontaneously in the SST absolute
spacetime — there appear the bare (i.e. without the radiation masses) particle-antiparticle
pairs with positive mass and the associated with them “holes’ in the SST-As with
negative mass in such away that the total mass is equal to zero (Fig.3).

Speed C: It isthe natural speed of the non-entangled SST-As components in relation to the
SST absolute spacetime, and it is the speed of photons and gluons in relation to the
object with which they interacted for the last time. In the Michelson-Morley experiment,
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the interferometer is the last-interaction object so it aways will measure the speed C.
Photons and gluons are entangled with the last-interaction object, i.e. there are
exchanged the superluminal entanglons between the photons or gluons and the last-
interaction object. The Special Theory of Relativity (SR) is valid only for particles that
are entangled with the frame of reference we are considering. Here we calculated the
speed C from our initial conditions. Generaly, we cannot define speed of a photon
which is entangled with two or more inertial frames. The protogal axies were surrounded
by the photons entangled with them so because the SST-As behaves as a superfluid,
some protogalaxies in the initial protuberances in the early Universe have reached radial
velocities many times higher than the C. Some similar phenomena appear in other
superfluids. For example, we know that a wire rod moving through a helium-3
superfluid does not break apart the Cooper pairs above the critical Landau velocity [1].
It is because particles in the superfluid stick to the rod. Of course, the superlumina
cosmological protuberances were damped — galaxies whose relative speed in relation to
the Earth has fallen below the speed C can be observed by us but due to the quantum
entanglement, we measure the initial redshift, i.e. the redshift higher than 1.

A wrtual patr (m = 0 real pair (m = )

Local zero-energy field

. e St i
\ mass "hole" (m < 0}

The zero-point energy of the zero-energy Held
* there 15 tremmendous arnount of the superhurnal
non-gravitating energy frozen maide the S5T-As
components (0.6 +101 % parts per 1 part)
Fig.3
A virtual object, 1.e. a particle-antiparticle pair with positive mass and the
associated "hole” with negative mass i the zero-energy field.

SST quarks: they are the loops or condensates built of the SST-As components with the
masses equal to the masses of quarks in the Standard Model (SM). Other properties of
the SM quarks are not important. Here, the masses of the SST quarks are derived from
our initial conditions.

Neutron black holes (NBHS): they are the neutron stars with the spin speed equal to C on
their equator.

1.3. Initial conditionsused in SST

Due to a collision of the externadly left-handed initia inflation field with a much bigger
cosmologica inertial mass, there appeared the inflation inside the much bigger object. As a
result there was created the SST spacetime with a stable boundary.

SST inflation was partly random (for example, at the end of the SST inflation there was an
undercooling of expanding spacetime) and this caused the number of parameters (11) to be
greater than for the initial inflation field.
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The Theory of Everything (TOE) should start from 11 parameters/physical-quantities that
should relate to the excited state of the SST two-component spacetime, so to virtual processes
as well. Here we show that in such theory, we do not have to use the results that appear in the
later stages of the theory — this is the natura behaviour of Nature. In the last section of this
book we show that, in reality, the SST isthe 7-parameter theory.

The SST Higgs field has 6 degrees of freedom while the excited state of the SST absolute
Spacetime has 26 degrees of freedom, i.e. the SST two-component spacetime has 32 degrees of
freedom (see Section 2.13) — emphasize that its ground state has 6+24=30 degrees of freedom.

Let us note one fact that may be a coincidence but may have a deep meaning. Namely,
among the first 32 natural numbers there are 11 prime numbers (2, 3, 5, 7, 11, 13, 17, 19, 23,
29 and 31) which resonates with the number of degrees of freedom of our excited spacetime
(32) and the number of parameters (11).

*The 11 SST parameters
The 11 parameters applied in SST are as follows.

*Mean radius of the tachyons
r, = 4.757105905231615-10°%° m.

*Mean linear speed of tachyons
Vi = 2.38634397-10% mis,

*Mean spin speed on equator of tachyons
Vg = 1.725740638-107 s

*Mean inertial mass of tachyons
m; = 3.7526736431501-10% kg.

*Dynamic viscosity resulting from smoothness of surfaces of tachyons
ne = 1.87516465-10" kg it s,

*The present-day mean inertial mass density of the SST Higgs field
pui = 2.645954-10" kg .

*Mean gravitational mass density of the SST absolute spacetime
pas= 1.1022013011-10°° kg m 2.

*Mass of the lightest non-rotating-spin neutrino
Mieutrino = 3.3349269504-10°°%" kg.

Mass of the local zero-energy field around a neutrino depends on frequency of its spin
rotation so measur ed masses of neutrinos can be even tens of orders of magnitude higher
than of the non-rotating-spin neutrinos.

*Elementary electric charge (it isdefined in the SI; in the SST, it depends on the invariant
number of lines of electric forces produced by the SST-As components the different
tori/electric-charges or loops/el ectric-charges are built of)

e = 1.602176634-10° .
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*Mass density of the absolute-spacetime condensates (we will show that it is due to the
range of the SST Higgs potential for neutrinos and the SST-As components)

py = 2.7306383581-10% kg m™.

*Mass of the electron. We will show that mass of the electron follows from its bare mass (it
consists of the electron-loop and central spacetime condensate) and from the el ectroweak
interactions of the bare electron with only one virtual electron-positron pair, so the
renormalization does not appear:

mMe = 0.510998946 MeV. (1.3.1)

*The 5 new symmetries and one new asymmetry

4-closed-string symmetry (generally, the 4-object/particle/fermion symmetry): it
follows from the fact that internal helicity and spin of the inflation field was conserved.
The tachyons rotate so the created closed strings have internal helicity and spin. To
create an object with zero internal helicity and zero spin, the closed strings must be
created as binary systems of binary systems. The constituents of the single binary
systems have parallel spins and opposite internal helicities whereas the binary systems
in a binary system have opposite spins. Such four-object symmetry can be adopted by
other objects on higher levels of Nature.

Saturation symmetry: it follows from collisions of the free and bound tachyons. Consider
an object composed of four parts each composed of four elements. Then three elements
of each part are exchanged between a part and the three other parts while the fourth

element represents the part. We see that if a smaller object contains N elements then the

next bigger one contains N? elements.

Invariant surface-density symmetry: surface density of different tori created due to the
phase transitions of the expanding inflation field is invariant so Nature can immediately
repair damages to the tori.

Adoption symmetry: on the higher levels of Nature, the half-integral spin of the closed
strings and the unitary spin of the binary closed strings (entanglon) are adopted by other
particles/objects. Tori and loops are the simplest surfaces which can adopt the internal
helicity and spin of the closed strings.

Decay symmetry: there are the symmetrical decays of bosons in fields surrounding objects
in which on their equator the spin speed is equal to the C. Such processes lead to the
SST Titius-Bode law which is valid in the plane of the equator.

Half-jet asymmetry: the poloidal motion in fermions (there is torus/charge or loop/charge)
creates in the SST spacetime a half-jet that is the cause of the CP (Charge conjugation

and Parity) and T (Time reversal) violations. Poloidal motions follow from the spin
speed of tachyons which is very low in comparison with its linear velocity — it causes
that the violation of symmetries is aso very low.

The tachyons have infinitessimal spin so all fermions have internal hélicity
(helicities) which distinguishes fermion from antifermion. On surface of the
tori/electric-charges, all spins of the SST-As components point towards the
circular axis of the torus (see Fig.2) or all point in the opposite direction which
distinguishes electric charge from opposite one (Fig.4).

Due to the half-jets, there appears an asymmetry between parallel and antiparallel
orientations of spin of fermions in relation to their velocity.

From Figures 4, 5 and 6 follows that the CPT symmetry is always valid
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CPT=SSHH= $H?*=1%1?= (-1)* (-1)* = 1 (always) . (1.3.2)

This means that symmetry-breaking of a system composed of fermion-antifermion pairs
isimpossible.

The observed in our Universe the baryon-antibaryon asymmetry does not follow
from a CPT-symmetry violation. Asymmetry follows from the fact that the initial
inflation field had the left-handed external helicity.

spin of small torus

spin spin
velacity velocity
-,
fermion equator of big torus antifermion

1 spin
spin speed

spin . .
fermion 1 "l“ antifermnion

Fig 4
Charge comjugation () changes spm (S), 1.e. C=85.

irror

1 velocity 1 velocity

4 spin

H,lmlf-j et half-jet l’

| spin

spin speed

left-handed right-handed

Fig.5
Panty (P) changes spin (S) and mternal helicity (H), 1.e.

P=5SH.

The nuclear strong interactions are CP-invariant. It results from the fact that
single neutral pion, which is responsible for the nuclear strong interactions of
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baryons, is composed of two loops that simultaneously create antiparallel half-jets
S0 asymmetry does not appear.

The origin of the symmetries used in mainstream physics will be reported on an ongoing
basis during the calculations performed.

half-jet
1 velocity
H’lm]f-jet | velocity
4 spin 1 spin
left-handed right-handed
Fig.6
Time reversal (T) changes mternal
helicity (H), 1.e. T=H.

*The three fundamental equations

Assume that the closed string is composed of K2 adjoining tachyons (the square of the K
means that calculations are far ssmpler). The saturation symmetry causes that the tori created
during the succeeding phase transitions of the Higgs field should contain K2 K* K8 K
tachyons (the K1® tachyons is the upper limit that follows from the size of our Cosmos). The
mass of the tori are directly proportional to the number of closed strings. This means that the
stable objects contain the following number of closed strings: K® K2 K& K and means
that the mass of the stable objects are directly proportional to KZ&D where d = 1 for closed
strings, d = 2 for the torus of the lightest neutrinos (it consists of the entanglons), d = 4 for
the torus inside the core of baryons (it consists of the neutrino-antineutrino pairs), and d = 8
for acosmological torus (in the core of the Protoworld) which consisted of the DM particles —
their masses were the same as the core of baryons. The early Universe (its baryonic part)
arose inside the Protoworld as the double cosmic loop composed of the neutron black holes
(NBHs) grouped in protogalaxies. The evolution of the Protoworld leads to the dark matter,
dark energy, and to the expanding Universe.

The radii of the tori are

rg=r K, (13.3)
whereas the rest masses of the tori are
mg= my K24 (1.3.4)

where 1 and M, are for the closed string.
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On equator of the core of baryons, there appear virtual bosons that to equalize their number
density in spacetime are emitted. Assume that the radius of the equator of the core of baryons

isA, and that the range of avirtual boson is B. At distance A + B there is symmetrical decay
of the virtual boson to two identical parts. One part is moving towards the equator whereas
the second one is moving in the opposite direction. It means that in the place of decay, in the
field surrounding the core, there is produced a “hole’. When the first part reaches the equator

then the second one stops and decays to two identical parts — it takes place in distance A +
2B. In the place of decay is created “hole” in the zero-energy field. The next decay takes

place in distance A + 4B. A statistical distribution of the “holes’ in the field (of the circular
tunnelsin the field) in the plane of the equator is defined by following formula

Ri=A +dB, (13.5)

where Ry denotes the radii of the circular tunnels, the A denotes the external/equatorial radius
of the torus/core, d = 0, 1, 2, 4; the B denotes the distance between the second tunnel (d =

1) and the first tunnel (d = 0). The first tunnel is in contact with the equator of the torus.
Formula (1.3.5) isthe Titius-Bode (TB) law for the nuclear strong interactions (Fig.7).

d=d Schwarzscluld swmface
for strong interactions

orbits

equator of]
torus/core

Fig.7. Cross-section of barvons.

21 (2A73)

Fig 8
Maxirnmn range of nuclear strong interactions:
R strong max = 4.2415101 A = 29582095 fm.
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The gluon loop which overlaps with the circular axis of the torus (Fig.2) in the core of
baryons, we will call the fundamental gluon loop (FGL) — from Fig.2 we have that its radius
is RFGL = 2A/3.

Circumference and radius of FGL determine the maximum range of the nuclear strong
interactions in baryons (Fig.8) —itis

Rstrongmax = 4.24151008771155A . (1.3.6)

Our calculations will show that A = 0.697442532080863 fm so Rgrongmax =
2.95820953542007 fm.

Our calculations also will show that value of the B and the maximum range of the strong
interactions in baryons cause that the d = 4 in formula (1.3.5) defines the radius of the last
TB orbit (i.e. the radius of the last tunnel in the zero-energy field) for the strong interactions.

Why al the d states of the relativistic pions in baryons are the S states i.e. why all the
azimuthal/secondary quantum numbers of the relativistic pions are | = 0? It results from the
fact that a pion in defined d state behaves as follows. Centre of mass of a relativistic pion
disappears in one point of defined circular orbit/tunnel and appears in another one, and so on,

but senses of the spin velocities of the pion change randomly — it causes that resultant angular
momentum on the circular orbit is equal to zero (Fig.9).

succeeding positions of the centre

of mass of a relativistic pion
randomn senses

of spin velocity

4

Fig 9
The 5 states (i.e. the azimuthal munber is { = 0) for
the circular orbits of the quantum relativistic pions.

1.4. Derivation of the very frequently applied formulas and laws
In this book, we apply some laws used in mainstream physics. But SST is the supreme
theory so we have to show that they can also be derived from the SST initial conditions.

Formulafor relativistic mass

It is not true that pure energy, i.e. rotational energy of something or kinetic energy of
something can directly transform into inertial or gravitational mass. The Einstein’s formula E
= mc? is valid because with each pure energy (it does not gravitate), E, is associated a local
concentration of the SST absolute spacetime. The gravitational mass of it, m, (we must
subtract the density of the absolute spacetime from the density of the local concentration and
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then multiply the result by volume of the concentration) is equivalent to the energy and such
gravitational massis a part of the zero-energy field.

Consider a rigid loop composed of the entangled SST-As components. Assume that
linear/relativistic velocity of it is paralel to its spin — then the spin is conserved. The resultant

speed of the SST-As components must be equal to C. Their spin speed we denote by Vgin
while their linear/relativistic speed by V. Then for therigid loop is

2 2 2

We can multiply it by Nge”M?, where Nggy denotes the number of the SST-As
components, and M denotes the mass of single component in relativistic loop

Nra? M Vegin + Nra” M V2 = Ngg” 0P 7. (14.2)
Spin of therigid loop is
spin = Ny M Vgin I, (1.4.3)
where N; denotes number of the SST-As components.

Since spin and radius of the rigid loop and the mass of the SST-As components, M, are
invariant, we have

Mre = Nra M, (1.4.5)
Mo = No M, (1.4.6)

where N denotes number of the SST-As components in the resting rigid loop, Mgy is the

relativistic mass of the loop, and Mg is the rest mass of the loop.
From formulae (1.4.1)-(1.4.6) we obtain

Mra = Mo/ (1 =V?/ Y2, (1.4.7)

We can see that when we accelerate such arigid loop, it attaches more and more the SST-As
components, i.e. the relativistic massisreal.

Emphasize that in a particle, there is the non-gravitating energy, E, and the particle has the
bare mass Mgge equa to the E (it is when units of E and M are the same) so the sum of
absolute values of energies of virtual particles created outside the bare particle cannot be
greater than E + Mpae = 2Mpge = 2E.

The Stefan-Boltzmann law and the Wien’s displacement law

In SST, we very frequently apply the Stefan-Boltzmann law and the Wien's displacement
law so we must derive them from our initia conditions.

The Stefan-Boltzmann law states that the radiated total energy (per unit surface area),

denoted by —AE®, is directly proportional to the fourth power of the black body’s
thermodynamic temperature T

—AE* ~T*. (14.8)
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Wien's displacement law states that the black-body-radiation curve, for different
temperatures, T, peaks at different wavelengths, Apeak, and Apeak iS inversely proportional to
T

Aok ~ 11T . (1.4.9)

We can define the temperature T as inversely proportional to the radius R of acircle-like
loop composed of the entangled SST-As components, so the T, because thereisA = 2R, is
also inversely proportional to the wavelength of the loop A

T~1/R~1/Q2nR)~1/A. (1.4.10)
For avortex composed of such loops with a peak radius, Rpex, We have
T~1/2 7 Rpeak) ~ 1/ Mpeac - (1.4.11)

By comparing (1.4.9) and (1.4.11), we see that the Wien's displacement law that follows
from experimental data suggests that black bodies consist of vortices composed of 1oops built
of the entangled SST-As components. We will show that it is true. For example, in the
baryons can be produced such loops with different radii — in higher temperatures, number
density of created loops with smaller radii is higher. The atom-like structure of baryons and
the creations of such loops in them lead to the black body spectrum and to the temperature
fluctuations in CMB. The structure of baryons suggests that for sufficiently high temperature
of a black body, the smallest wavelengths should be two times smaller than Apeg and we
should see a threshold for density of the longest wavelengths for A = 2mApea (See Chapter
“Cosmology”).

In reality, formula (1.4.11) and our considerations suggest that the Wien's displacement
formulais adefinition of thermodynamic temperature of a black body.

Consider a spinning circle-like loop, composed of the SST-As components, that collapses to
a spin-0 condensate/ball with a loop on its equator that is emitted. Assume that the final

condensate hasradiusr. Then for the initial loop is

spin = M vgin R. (1.4.12)
For thefina loop is
spin = AM v¥gn I . (1.4.13)
For the condensate/ball we have
M—AM ~13. (14.14)
From (1.4.12)-(1.4.14) is
1/ (Vgin R) =1/ (V¥gin 1) ~1° (1.4.15)

or
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[/ (Vepin R) =1/ V*pin ~ 1*. . (1.4.16)

For I << R and from (1.4.10) is

—V*ein~T". (1.4.17)
Energy of thefina loop is
AE* = AM v¥g;in° . (1.4.18)
From (1.4.13) and (1.4.18) we have
AE* ~ v¥gin (1.4.19)

so from (1.4.17) and (1.4.19) we obtain the Stefan-Boltzmann law
— AE* ~T*. (1.4.20)

Lifetimes of particlesand stars
Dynamic pressure of a field, Ppyn, is defined as directly proportional to its energy density

PEnergy
Poyn = PEnergy /2. (1.4.22)

Since photons and gluons raise the zero-point of the zero-energy field, so the radiation
pressure, Prag, is directly in proportion to the four powers of absolute temperature T

Praa ~ T*. (1.4.22)
We see that the theory of stars follows from the dynamics of loops created in baryons.

Since absolute temperature of a loop is inversely proportional to its radius (so to radius of
the final condensate as well) so for mass inversely proportional to radius of a loop we have

that absolute temperature is directly proportional to mass m
T~m. : (1.4.23)

Spin of a virtual loop we can define as the product of its energy (—E*) and period of
spinning which isthe lifetime, T itaime Of the virtual loop

Tifetime ~ 1/ —E* . : (1.4.24)
From formulae (1.4.20), (1.4.23) and (1.4.24) we have

Tiiteime ~ 1/ M, . (1.4.25)
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where m is the mass of a condensate or loop composed of the SST-As components or m is
the mass of astar.

In SST, coupling constants, «;, are defined as follows
0i=G M m/(ch), (1.4.26)

where G; are the constants of interactions (such as, for example, the gravitational constant G),

M is mass of source of interactions, M is mass of carrier of interactions, and A is the reduced
Planck constant.
The following formula defines the energy of an interaction

AEE=G M m/r. (1.4.27)
Then from (1.4.26) and (1.4.27) we obtain
AE=a;ch/r=mc (1.4.28)
From (1.4.24) and (1.4.28) we obtain

Tietime ~ 1/ 04 . (1.4.29)
Emphasize that we derived all formulae in this Section from our initial conditions.

Applications of the Stefan-Boltzmann law

Let us consider atransition from circular motions (or circular motions on a virtua “hole” in
the SST absolute spacetime (it can be a binding energy; A = 2xr)) to diagonal oscillations (A*
= 2r). Then from (1.4.10) and (1.4.20) results that there is emitted following energy

—AE*=E,/x", (1.4.30)

where E, istheinitial energy (real or virtual).
By some analogy, for atransition from circular motions to radial oscillations (A** = r) we
have

—AE**=E,/ (2 n)". (1.4.31)

1.5. Electron and the matter-antimatter asymmetry

The electron plays an important role in our theory so we described its internal structure
(which follows from properties of the SST-As) in this separated Section. In our book, we
show that the very simple structure of the electron leads to the correct value for the anomalous
magnetic moment.

Due to the SST adoption symmetry, in collisions of photons and gluons can be created the
spin-1 photon loop or gluon loop that shape is similar to the entanglon, i.e. aloop consists of
two spin-1/2 loops with opposite internal helicities which represent the charge and anticharge
of afermion-antifermion pair (electron-positron pair or quark-antiquark pair, respectively).

Consider the behaviour of a spin-1/2 photon loop in such a system created in the SST
absolute spacetime. The electron, due to the SST circular Higgs potential (see Section 2.9), is
created as the electron loop composed of the SST-As components — its density is a little
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higher than the SST-As so such a loop represents the mass of the electron elementary charge.
It is very difficult to detect such a mass because it only insignificantly differs from the SST-
As. Such a loop represents also the half-integral spin of the electron. Due to the adoption
symmetry, the electron loop must consist of K? of the SST-As components and distance
between them are defined by the SST Higgs potential. It leads to conclusion that radius of the

loop is strictly determined — it is the reduced Compton wavelength of the bare electron, e pare-
The same concerns its spin, A/2, and spin speed of the spin-1/2 electron loop, C, so we can
calculate mass of the bare elementary electric charge, Mg pare/ 2

(me,bare/ 2) C *epare = h/2. (1.5.2)

We obtain

Mepare/ 2 = 0.25520352567528 MeV . (1.5.2)

This value isderived from our initial conditions (see Section 2.3).

Such electron loop, due to the superluminal gquantum entanglement, immediately
transforms into the torus/electric-charge because the torus is more stable than the loop — it
follows from the fact that in the torus there appear the radial motions/waves of the SST-As
components that lead to creation of the spin-0 central condensate with a mass equal to mass of
the elementary electric charge. The central condensate is created due to the SST volumetric
Higgs potential (see Section 2.9). It is very difficult to detect such a condensate because it
only insignificantly differs from the SST-As. The torus/electric-charge is only the polarized
part of the SST absolute spacetime so its apparent mass is zero. Due to the adoption
symmetry, it has the right-handed internal helicity. We see that the total mass of the bare

electron is Mg pare. EMphasize that the electric lines of forces converge on the circular axis of
the electron torus (see Fig.2) which has radius equal to 2%epare/3 — Notice that the equatorial

radius of the electron torus is e pare, i-€. it is the radius of the electron loop. We can see that
the resultant mass of the electric charge is on the equator while the mean radius of the
torus/electric-charge, €, is 2% parel 3. All spins of the SST-As components on surface of the
torus point towards the circular axis of the torus or all point in the opposite direction — it
distinguishes the positive electric charge from negative one. The SST-As components swap
places, which causes them to rotate on the circular axis of the torus, i.e. there is raised the
local zero-point of the zero-energy field. But emphasize that such processes do not change
mass and the half-integral spin of the electron loop.

Number of the electric lines of force produced by the tori/electric-charges of the electrically
charged leptons and proton is the same so their electric charges are the same as well. In SST,
the electron and the electrically charged core of antiproton are similar, i.e. there is
torus/electric-charge and central condensate, but distribution of mass is different. For
example, emphasize that in the core of baryons, because there is much higher mass density,
masses of the real torus and central condensate are not the same.

In similar way behave the spin-1 gluon loops that transform into the pairs of the spin-1/2
quark loops.

Outside the electron torus, there is created only one the virtual bare electron-positron pair
(the virtua dipole) which behaves in a quantum way i.e., it disappears in one place and, due
to the superluminal entanglons, appears in another one, and so on. The virtua dipole is
polarised along the electric lines of forces that converge on the circular axis of the electron
torus (Fig.2). When we take into account the radiation mass of the electron, then we obtain
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Me/ Mepare =1+ a8 ~=1+0.0011596522, (1.5.3)

where the number g, represents the anomalous magnetic moment of the electron (see Section
2.6).

In this book we have:
€" denotes electric charge of the electron or positron,
Mg is the mass of electron or positron, and

Me pare 1S the bare mass of electron or positron.

Electron as a whole behaves in a quantum way (i.e. it disappears in one place and appears
in another one, and so on) so in QM is introduced the wavelength of electron.

It is not true that the bare electron is a point-like particle.

Electric charge: We define the elementary electric charge (EEC) as the type-Fig.2 torus

composed of the 8.50713316753319-10% SST-As components — we will show that this
number follows from properties of the core of baryons.

The matter-antimatter asymmetry

The above description shows how are created the virtual or real electrons in the electron-
positron pairs — the electron, the same as the antiproton, has the right-handed internal helicity
while the positron, the same as the proton, is left-handed.

At the end of the SST inflation, there were very energetic collisions of the photons. On the
other hand, because mass of the torus/electric-charge of the left-handed proton is much higher
than mass of the electric charge of the right-handed electron so the left-handed internal
helicity of the proton dominates. Since the SST initia inflation field had the left-handed
external helicity (it transformed into the left-handed internal helicity) so at the end of the SST
inflation, there appeared more the proton-electron pairs than the antiproton-positron pairs — it
is the origin of the observed matter-antimatter asymmetry. We can see that the key to
understanding matter-antimatter asymmetry is the internal helicity of the tori/electrc-charges
and the initial left-handedness of the initial inflation field.

One may ask why the matter-antimatter asymmetry did not manifest itself during inflation
at the level of neutrino-antineutrino pairs. It follows from the fact that masses of all the
tori/weak-charges in all the three species of neutrinos are the same. Moreover, the mean
gravitational-mass density in the neutrinos is about 10 orders of magnitude higher than in
protons, so breaking the matter-antimatter symmetry at the neutrino level is incomparably
more difficult.

1.6. Uncertainty of experimental results

The interactions are associated with the virtual and real processes that can change local
density of the zero-energy field — such changes cause that there appears a broadening of
experimental results. Higher value of coupling constant causes that broadening of obtained
result is bigger.
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Chapter 2

Particle Physics

2.1. Classical thermodynamics and phase transitions of inflation field, physical
constants, and dark-matter (DM) particles
In this Section, we apply the formulae (1.3.3) and (1.3.4).

The definition of the Reynolds number Ng for the SST Higgs field with tachyons packed to
maximum looks as follows

Nr= pt V¢ (2 1) / me = 1.00760468827334-10° . (2.1.1)
where py isthe inertial-mass density of single tachyon
pr=my/ (4 T 1/ 3) = 8.32192366156326-10% kg m™. (2.1.2)

The radius of closed string which can be produced due to the value of the Reynolds number
is (it consists of tachyons which are in direct contact)

r, = (2r) / Ng= 0.944240526189592-10" m . (2.1.3)
We can calculate the number of tachyons, K2, aclosed string consists of
K?=2m1./ (2r;) = (0.78966855476252-10™)? . (2.1.4)
The spin of each closed string is half-integral while of the entanglons is unitary
h=2K?*mv,r, = 1.05457181764623-10* Js. (2.1.5)
The Planck constant, h, is

h=2nh=4nKZmVv,r, = 6.6260701500004-10>* Js .

Due to the International System of Units (SI), since 2019, the Planck constant is not
measured (it is defined as follows h = 6.62607015-10* Js). We can see that our

calculated value of the h is consistent with the SI definition for the first 13 digits. Such high
accuracy is enough to compare the SST results with experimental results.

We can express the h by only the initial parameters

h=(64n*/9)nér/ (v m) = 6.6260701500004-10"** Js.
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We see that the Planck constant depends on four initial parameters: h = f(n, It, Vi,
M). Why the spins of particles are the same in all inertial frames? It follows from the

fact that the invariant viscosity of the tachyons, 1, fixes their speed V; in relation to an
inertial frame with which a particle composed of tachyons interacts — there must be the
guantum entanglement between the particle and theinertial frame.

Spins of al objects defined by formulae (1.3.3) and (1.3.4) are half-integra so from
definition of spin

Spin=M VR (2.1.6)
we can calculate the speed of light in “vacuum” C
c=3h/(4mry) =3h/ (4 mr K™ = 299792458.00004 m/s. (2.1.7)

Such high accuracy of the C is enough to compare the SST results with experimental results
aswell.

We can express the C by only the initial parameters
c=(BW/2) [3vim/ (4 n®n rd)]%? = 299792458.00004 m/s .

We see that the speed of light in “vacuum” also depends on four initial parameters. C
= f(n, I, Vi, My). Why the C is the same in all inertial frames? It follows from the fact

that the invariant viscosity of the tachyons, 1, fixes their speed V; in relation to an
inertial frame with which a particle composed of tachyons interacts — there must be the
guantum entanglement between a neutrino or photon or gluon and theinertial frame.

Mass of the superluminal closed string is
m, = myK? = 2.34007881976868-10°% kg . (2.1.8)
Speed of the closed string is
vi=3h/ (4 mriK®) = 0.726925274854337-10% mis. (2.1.9)
We can calculate the factor which changeskg into M eV
F=10°e/ c? = 1.78266192162742-10"> kg/MeV . (2.1.10)
Mass of the torus/electric-charge in the core of baryonsis

X*=m,/F=mK®/F=318.295548099756 MeV . (2.1.11)

The ratio of the masses of the lightest neutrino, Mneutrino, @d its torus, My, and the ratio of
the masses of the electrically charged core of baryons, H*, and its torus, X*, and the ratio of

the masses of the core of the Protoworld, M py, core, and its torus, M py torus, are the same so we
have
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HE = X* Mieutrin / My = 727.439224547912 MeV 2.1.12)

where

m, = my K* = 1.45921798788058-10 " kg . (2.1.13)
The equatorial radius of the lightest neutrinosis
Meatrino = 311K /2=A [ K?=1.1184555774965-10° m (2.1.14)
where A isthe equatorial radius of the torus/electric-charge in the core of baryons

A =3r,/2=3r,K3/2=0.697442532080863 fm . (2.1.15)

By an analogy, the core of the cosmological Protoworld, i.e. the cosmological torus and its
central condensate, should be built of the cores of baryons. But the cores of baryons are the
SST black holes in respect of the nuclear strong interactions, so they capture relativistic pion
which isin the d = 1 state (see formula (1.3.5)) — it is because such TB orbit is below the
Schwarzschild surface for the nuclear strong interactions. Masses of nucleons do not satisfy
the formulae (1.3.3) and (1.3.4). We need a stable particle with a mass equal to H*. Consider
a torus composed of K? entangled loops each composed of K? entangled lightest neutrinos
with spins tangent to the loops — we will call such a torus and such a loop the dark-matter
(DM) objects because due to the orientations of the spins of neutrinos, they cannot interact
electromagnetically. Then the shortest-distance quantum entanglement causes that two nearest
neutrinos in aloop are in distance equal to

L Neutrinos = 2 T Tneutrino / 3 - (2.1.16)
Such distance results from the geometry of the torus of lightest neutrino.

We assume that the distance between neutrinos in the nearest loops on the equator of the
DM torus is also defined by the geometry of the torus of lightest neutrinos, so it is

L Neutrinosoops = 2 T Tneutrino - (2.1.17)
The above remarks lead to a conclusion that the radius of asingle DM loop is
Rom-oop = K? Lneutrines/ (2 T) = K® Faurino / 3= 11 K3/ 2=A /3.  (2.1.18)
On the other hand, the equatorial radius of the DM torusis
Rowm-torus = K* Lneurinostoops / (2 1) = K* Fnawrine = 311 K* /2= AL (2.1.19)
] We see that sizes of the DM torus are the same as of the torus/electric-charge in the core of
aryons.

Mass of the DM loop is

M bM-toop = K Mieutrine = 2.07958182997121-10* kg. (2.1.20)
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Mom-toop = 10° K? Myarino / F = 1.16655985340885-10 " ev . (2.1.21)

Mass of the DM torusis

Emphasize that the masses of the charged core of baryons and the DM torus are the
same, both tori have the same sizes, but in centre of the DM torus is no spacetime
condensate, and contrary to the core of baryons, the DM torus does not interact
electromagnetically.

Ratio of masses of the charged core of baryons, H*, and the charged torus/electric-charge,
X* is

Frx = HE / X* = 2.28542066922006 . (21.23)

The Protoworld was the stable cosmological object because its core, i.e. the cosmological
torus and the central condensate both were built of the binary systems of the DM tori.
Mass of the core of the Protoworld was

H protoworid = Frx My K** = 1.96076008846624-10> kg . (2.1.24)

The equatoria radius of the core of the Protoworld was

Aprotoworld = 3Te/ 2=31, K’/ 2 =2.71198826517478-10%* m =

= 286.66350758233 million light-years[Mly] . (2.1.25)

The interna helicity of the closed string resulting from the infinitesimal spin of the tachyons
and their viscosity means that the entanglons a neutrino consists of, outside the neutrino
transform the chaotic motions of tachyons into divergently moving tachyons. The direct
collisions of divergently moving tachyons with tachyons the SST Higgs field consists of

produce a gradient in this field. The gravitational constant, G, results from behaviour of all
closed strings a neutrino consists of. Constants of interactions are directly proportional to the

mass densities of fields carrying the interactions then the G we can calculate from following
formula

G = g pus = 6.67429778367877-10 " m¥(kg &) , (2.1.26)

where the g has the same value for all interactions and is equal to (it depends on the tachyon
spin speed and the viscosity of tachyon — both quantities are the invariants)

g=vg'/ né= 25,224.5420127439 m¥/(kg’ &) . (2.1.27)

Notice that curvature of the SST Higgs field produced by the entanglons is residual and has
not spherical symmetry so such curvature does not relate to the G.
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Emphasize that the Planck scale, i.e. the Planck length, Planck time, Planck mass and
Planck energy density, are defined by the basic physical constants h, ¢ and G that are
calculated in SST with perfect accuracy. But the Planck quantities are defined for an
abstract cube so to obtain the real values for the Planck quantities we must take into
account the shape and size of the lightest neutrino because the B/2, ¢ and G concern
such object —it isthe lightest object for which the gravitational and inertial masses are
the same.

2.2. Dynamics of the core of baryons

The virtual or real fundamental gluon loop (FGL) is created on the circular axis (Fig.2) of
the torus/electric-charge in the core of baryons (they initially overlap) from the SST-As
components. Masses of spinning virtual objects can be calculated from the definition

E Teeioa = R, (2.2.1)
where E = mc?
Mass of the resting FGL is
MeeL =3A/ (4 A ¢ F)=67.5444131256272 MeV . (2.2.2)

The central condensate, Y, is created due to the transition of the FGL from its

circumference to its radius so the mass increases 27 times. In such a process is emitted
energy/mass defined by formula (1.4.31), i.e. by the Stefan-Boltzmann law. From the Wien's
displacement law follows that temperature is inversely proportional to radius so the emitted
energy is directly proportional to 1/(2n)4, so we have

Y =2 nmeal {1—1/(Q2n)" = 424.121762762297 MeV . (2.2.3)

The condensate Y isthe SST black hole for the nuclear weak interactions so the spin speed
on itssurfaceisC.
The number of the neutrino-antineutrino pairs, Nna, on the torus in the core of abaryon is

Nna = X* F/ (2 Myeutrino) = 8.50713316753319-10% . (2.2.4)
Mean distance, Lya of the neutrino-antineutrino pairs on the torus in the core of abaryon is
_ 272 12 _ 35
Lna= (8 1A/ (9 Nna))™© = 7.08256264113404-10 " m . (2.2.5)
Notice that surface density of the torus in the core of baryons is about 300,000 times higher
than in SST-As— it isvery important in the theory of the neutron black holes.
Mean distance, L ag, Of the neutrino-antineutrino pairsin the SST-Asis

Las= (2 Myatrino/ pag™® = 3.92601360788938-10°% m =

= 3510.209691 72255 rpnaytrino - (2.2.6)
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2.3. Structure of the bare electron and the electromagnetic inter actions
Theratio, N*, of the mean distances is

N* = Las/ Lya = 554.321056772292 . (2.3.1)

It characterizes the projection of the proton electric charge on the SST absolute spacetime.
We can say that it relates the effective distances between the As components on the
torug/electric-charge of proton with distances between the As components in the SST absolute
gpacetime. But the real distances between the As components on the proton torus are

2Teutrino- Effective distances are bigger because some of the As components change places
to keep the torus stable. It leads to conclusion that the As components in the electron loop that

represents the mass of the electric charge of the bare electron are in distances equal to Lepare
= 2 neutrinoN*

Le’bare = 2 T rnwtrino N* == 3482.90191937193 rneutrino . (232)

Due to the adaption symmetry, the bare-electron loop consists of K? of the SST-absolute-
spacetime components. Then radius of such loop, e pare, IS

Xepare = KZ Lepare/ (2 ™) = 3.86607081421007-10 > m . (2.3.3)

It is the Compton length, *epae, Of the bare electron and we can calculate it also from
following formula

*epae = A N* = 3.86607081421007-10 " m . (2.3.4)
It is very difficult to detect the bare-electron loop because distances of the As components
in it are close to the distances in the absolute spacetime. Moreover, it is the quantum object so
there isadistribution of it in whole spacetime.
The bare mass of electron is
Mepare = A/ (C kepae) = 9.09883214972773-10 kg, (2.3.5)
Mebare = A/ (C Xepare F) = 0.51040705135056 MeV . (2.3.6)

Spin of the bare-electron loop should be half-integral and it is (in our model of the electron,
mass of the bare-electron loop is equal to mass of the central spacetime condensate)

(me,bare F/ 2) C *epare = h/2. (2.3.7)

On comparing the two definitions of the fine-structure constant for low energies, dlem, We
arrive at the relation

k €/ (hc) = GamnmeZ/(hC), (2.3.8)

where k = C?1o/(41) whereas the electromagnetic constant at low energy, Gen, is
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Gem = G pas/ pur = 2.78025230260979-10% m¥(kg <) . (2.3.9)

Emphasize that since 2019 the magnetic constant (permesability in vacuum), Lo, is the
measured quantity.
From formulae (2.3.8) and (2.3.9), we can calcul ate the magnetic constant

lo = 4 T Gem MeZ F?/ (¢% €%) = 1.25663706211168-10° H/m =

= 4 1 (1.00000000053775)-10" H/m . (2.3.10)
The electric constant (vacuum permittivity) is
g0 =1/ (c? po) = 8.85418781285662-10 % F/im . (2.3.11)

The fine-structure constant at low energy
The fine-structure constant, Qlem, IS

Oem - =2h/ (€ C po) = 137.035999085012 . (2.3.12)

Notice that the ratio of masses of the electron and bare electronis

Frea = Mg/ Mepae = 1.00115965217932 ~ 1.00115965218 . (2.3.13)
We later will calculate the anomalous magnetic moment from our model of electron (i.e.

there isonly one virtual electron-positron pair outside the bare electron (it is the bare-electron
loop, torusg/electric-charge and the central spacetime condensate).

We can assume that the ratio Lya/(27trneuring = 1.0078405229268 defines the
electromagnetic coupling constant at high energy

Lna/ (27 Mneutring) = 1 + Olemhigh (2.3.14)
so we have
Olemhigh = 1/ 127.542513342079 . (2.3.15)
This value corresponds to the minimum distance between the As components on the proton
torus/electric-charge, i.e. to distance equa to 2T heutrino-
Notice that there is satisfied following relation

(Las/ Lepae)® = X / X* = 1.01574251965336 , (2.3.16)

where Xim is an abstract mass of the torug/electric charge in which the As components
occupy squares with the side equal to 27t e trino. FOr the torus Xizm we have

X5 = (21 9) (A 1 Tneurino)® 2 Meeutrino = 323.306322021294 MeV . (2.3.17)

We see that because mass ~ 1/L% so when L s leads to X* then L pare leads to X5z
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2.4. The other coupling constants and masses of pions

The ratio of the binding energy of two FGLs, AEgg, (it results from creations of the virtual
electron-positron pairs), to the mass of FGL, Mg, is (energy is inversely proportiona to a
length, and Mg is associated with A while AEgg with % pare)

AErc / Mg = A/ }ce,bare- (2.4.2)

From this formulawe obtain AEgg. = 0.121850707817101 MeV.
During creation of the bound neutral pion from two fundamental gluon loops, due to the

electromagnetic interactions, there is released additional energy equal to dlemAEfFgL. Thetotal
binding energy of the bound neutral pion is

AEpion(0),bound = AErGL (1 + otem) = 0.122739895392852 MeV . (2.4.2)

The mass of bound neutral pion
This means that the mass of bound neutral pion (i.e. placed in nuclear strong field) is

Assume that the virtual Y spacetime condensates appear on the equator of the core of
baryons in such a way that they are tangent to the equator. The spin speed on the equator isC
so spin speed for the effective radius of the d = O state (the effective radius is A + I,
where Icp) is the radius of the central spacetime condensate) is (radius is inversely
proportional to squared spin speed)

(A +rep) | A =(C/ Vo), (2.4.4)

The I'c(p) we can calculate from following formula

4rrel3=Y Flpy (2.4.5)
so we have
e = 0.871101810916649:10" m . (2.4.6)
From (2.4.4) we obtain
Va=o = 0.99381292525557 ¢ . (2.4.7)

From the Einstein formula for relativistic mass we obtain that in the d = O state, the ratio of
the relativistic mass and rest mass is

Mra / Mo=1/{(1—=A/ (A + rep)} % = 9.00357766478564 . (2.4.8)
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The mass of charged pion
Assume that the charged pion, 7", is created due to emission of the two bare electrons and
two bare positrons (the 4-particle symmetry) by Y or by the precursor of Y, i.e. by 2amgg, .

Then one of the electrons appears in the d* = O state (its radius is smaller than I'c,) because
of the emission of the quadrupole) and is absorbed by the bound neutral pion. Mean mass of
the spacetime condensate is

Y Mean = [(Y —4 Mepare) + (2 T MpgL —4 Mepae)] / 2. (2.4.9)

From (2.4.5) we calculate the new radius of the spacetime condensate I'* ¢, and then from
(2.4.8) we calculate the relativistic mass of the electron

Mere = 9.01025390829349 m, . (2.4.10)
The mass of charged pion T is
T = T hound T Mera = 139.570316606192 MeV . (2.4.11)
Masses of bound and free charged pions are the same.

We very frequently will use the mass distance between the charged pion and the bound
neutral pion

ARt =TT — Thoung = 4.60423025033035 MeV . (2.4.12)

TheY isresponsible for the nuclear weak interactions and it is the weak SST black hole so
we have

fep =Guw Y F/ ¢ (2.4.13)
From (2.4.13) we obtain value of the constant of the weak interactions, G, for baryons
Guw = I c?/ (Y F) = 1.03550247948936-10*" m3(kg <) . (2.4.14)

Theinvariant coupling constant for the nuclear weak interactions

The characteristic feature of the nuclear weak interactions isthat Y is both the source and
the carrier of interactions so from the definition of the coupling constantsis

ttw(p = Guw (Y F)?/ (c h) = 0.0187228951018952 , (2.4.15)

where oy (p) is the coupling constant for the nuclear weak interactions.

Theinvariant coupling constant for the weak interactions of electronsin absence of
dark matter

Mass of the condensate in the centre of electron isahalf of its bare mass so it is Ny/m(e)-bare
times lower than Y

NY/m(e)-bare =Y [ (Mgpare / 2) = 1661.89617341709 . (2.4.16)
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Theratio, Npe, of the radii of the Y and the condensate in electron is
Npe = fe / Toe = {Y | (Mepae / 2)}° = 11.8449881145892 . (2.4.17)
Then
re = 0.735418054023824-10° m . (2.4.18)

From formulae (2.4.14) and (2.4.15) results that the ratio of the coupling constants is
directly proportional to both the ratio of masses of the condensates and the ratio of their radii,
so the coupling constant of the weak interactions of the charged leptonsis

Olw(e) = Olw(p) / (NY/m(e)-bare Np/e) =0.951118188679747-10°° . (2.4.19)

Theinvariant coupling constant for the weak interactions of electronsin presence of

dark matter

Electron is a pure quantum particle because its torus/electric-charge and the bare-electron
loop behave as a virtual particle. We cannot say it about the torus/electric-charge inside the
core of baryons because its surface density is about 300,000 times higher than in the SST
absol ute spacetime. Such scenario causes that an electron disappears in one place and appears
in another one, and so on. It causes that outside hadrons we must take into account the dark
matter. From observational data we know that density of dark matter is about 5.4 times higher
than the baryonic matter. On the other hand, in SST is assumed that the baryonic matter of our
Universe appeared similarly to the two fundamenta gluon loops (it leads to the bound neutral
pion) in the core of baryons — there were two cosmological loops overlapping with the
circular axis of the core of the Protoworld. Each loop was composed of the protogal axies built
of the neutron black holes (NBHSs). These remarks lead to the ratio, &*, of the total mass of

dark matter, M py, core, to the baryonic mass of the Universe, Mgaryonic

E* = Mpy.core | MBaryonic = H* / (2 MegL) = 5.38489558858802 . (2.4.20)

The formula (2.4.20) concerns abinary system such as, for example, two gluon loops or the
electron-positron pair. For asingle electron is

£=2 &% =H" | meg = 10.769791177176 . (2.4.21)

Coupling constants, a, are directly proportional to constants of interaction, G;, and from

(2.1.26) we have that G; are directly proportional to densities of fields, so for an electron in
presence of dark matter we have

o' wieroM = Owge (1 + &) = 1.11944624655745.10°° . (2.4.22)

Constants of interactions, G;, are directly proportional to the inertiadl mass densities of
fields carrying the interactions. The following formula defines the coupling constants of all
interactions

o =G Mim/ (ch) = Vgin’ r mi / (CR) = Vgpin/ C, (2.4.23)
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where M; defines the sum of the masses of the sources of interaction being in touch viaafield

plus the mass of the component of the field, whereas m; defines the mass of the carrier of
interactions.

The coupling constant for the nuclear strong interactionsinside hadrons at low energy
The FGL is responsible for the nuclear strong interactions in hadrons. At low energy, the

spin speed of the FGL is Vgin = C s0 a low energy, the coupling constant for the nuclear
strong interactions inside hadrons is

Os= 1. (2.4.24)

The mass of neutral pion (free)
The ratio of the densities of the absolute spacetime and the spacetime condensates is

f = pas/ py = 40,364.2356312214 . (2.4.25)

Calculate mass, Mc, that relates to py when pas relates to the strong-electroweak mass of
FGL transiting to its radius

Mc =271 Meg (as + Ow(p) Oem) / T=0.0107876910334727 MeV . (2.4.26)
Mass of the neutral pion isthe sum of masses of the bound neutral pion and the mc
71° = Tound + Mc = 134.976874046895 MeV . (2.4.27)

Am* = 1* —n° = 4.59344255929688 MeV . (2.4.28)

The ratio of the coupling constant for the nuclear weak interactions to the coupling constant
for the weak interactions of electronsis

The coupling constant for the nuclear strong interactions outside baryons at low

energy

We know that the bound neutral pion is a binary system of FGLs composed of the rotating-
spin-1 neutrino-antineutrino pairs (the SST-As components). This means that inside the bound
neutral pion, the SST-As components are exchanged whereas between the bound neutral
pions the FGLs are exchanged. We can neglect the mass of the SST-As components in
comparison to the mass of the neutral pion. On the other hand, from (2.4.23) it follows that
coupling constant for the FGL is unitary because its spin speed, Vgin, is equal to the C. For
strongly interacting bound neutral pionis

as™" = 015 = Gs (2 Mbound) MeaL F2/ (CR) =Vgin/C=1.  (24.30)

Then the constant of the strong interactions is Gs = 5.45650811315259-10% m®s %kg ™.
Coupling constant for strongly interacting proton at low energiesis
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5™ = G (2 p+ MecL) Mouna P2/ (CH) = 14.3911871270098 . (2.4.31)

In a relativistic version, the Gg is invariant. When we accelerate a baryon, then there
decreases the spin speed of FGL so its energy decreases as well

This condition leads to the conclusion that the value of the strong coupling decreases
when energy increases, i.e. it is the running coupling constant for the nuclear strong
interactions.

The running coupling constant for the nuclear strong interactions
For colliding nucleons, we cannot separate the nuclear weak and strong interactions of the
cores of baryons. The nuclear weak interactions are realized by exchanges of the virtual or real

Y condensates so there appears the factor 2. This means that the running coupling constant for
the strong-weak interactions, oy, 1S defined by following formula

OLSN = 2 aw(p) as’running y (2433)

where Olsrunning IS the running coupling constant for the nuclear strong interactions.
For virtual FGL which is responsible for the nuclear strong interactions we have

EFGL,running TeeriodraL = A, (2.4.34)

where Erg( running is the running energy of FGL. When we accelerate nucleons then the
period of spinning, Tperiod,FaL, increases (i.e. the spin speed decreases) so energy Erg ruming
decreases. From (2.4.34) follows that the both changes decrease the coupling constant.

We can calculate the mass of the carrier of interactions, Myynning, Using the following
formula

Mrunning = F 7°bound B, (2.4.35)
where
B=(1-V/cH)" (2.4.36)

where V denotes the relativistic speed of the nucleon.
Define energy of collision as Q = Np then

B=1/N=p/Q. (2.4.37)

When the energy of colliding protons increases, more sources interacting strongly appear.
The sources are in contact because there is a liquid-like substance composed of the cores of
baryons. There is the destruction of the atom-like structure of baryons so instead a collision of
two protons we have a collision of two cores of baryons. This means that a colliding nucleon
and the new sources behave as one source. Strong interactions are associated with the torus
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X* whereas the mass of the core is H*. The mass of the source, My, for colliding proton is
(formula (2.4.31) can be useful)

Mew = F{2H" + m%cua B/ 2+ X* (p/ H) / B} . (2.4.38)

The torus-antitorus pairs are produced from the energy Q but number of the tori is not

proportional to number of protons but to the ratio p/ H*,
The formula

leads to
sy =auP?+ bup + cu, (2.4.40)
where 8, = 0.0187059, b, = 0.403283, ¢, = 0.113801.

Within the Standard Model the parton shower (PS) is not good understood so the
phenomena associated with the PS can change the experimental data concerning the running
coupling for the strong interactions.

In SST, PS is produced due to the weak decays of condensates composed of the carriers of

gluons and photons, i.e. of the SST-As components.

Table 1 Running strong coupling constant

Q [GeV] asst(Q)
2,000 0.08030
Z°=91.180 0.11795
50 0.12477

20 0.14019

10 0.16157

p 0.55044

In the collisions of nucleons there are produced the Z° bosons. For energies lower than Z°
there are produced the SST-As condensates that increase the density of the zero-energy field

so they increase value of the running coupling. For energy equal to Z°, the oigy should be
defined by formula (2.4.40) while for higher energies the created additional Z° bosons

decrease the density of the zero-energy field so oy is lowered. From formula (2.4.30) we
have that coupling constants are directly proportional to spin speeds so from the conservation

of spin we have that a isinversely proportional to radius of aloop. The above remarks lead to

OlssT = gy + Owp) {1 —(Q/ Z°)1/3} . (2.4.41)

We calculated a few results that follow from formula (2.4.41) — they are collected in Table
1

A generalization of the weak interactions
Notice that there is satisfied following relation



37

Owp) = 3Tcp [1-1/2n) 1 (2A). (2.4.42)

The expression [—1/(27)*] suggests that the nuclear wesk interactions follow from the
transitions of the circular motions to the radial oscillations.

For a cascade of some interactions, the resultant coupling is a product of coupling

constants, while for a set of ssmultaneous interactions the resultant coupling is a sum of
coupling constants.

The virtual 2(€°€ )yirwa quadrupoles produced by the Y spacetime condensates in the

cores of the baryons decay to the virtual (€'€ )yirwa pairs and locally interact weakly with the
gaactic dark-matter loops, so the resultant coupling constant is (there are the simultaneous
interactions so the resultant coupling is a sum of coupling constants)

Olw2,core = 2 Oluy(e) - (2.4.43)
Consider the weak interactions of dark matter with proton in the hydrogen atom via the

external electron (it is the global interaction and a cascade of two interactions). The resultant
coupling is

, 2
Ow,DM-ep — O w(e),DM - (2.4.44)
2.5. Energy frozen inside the SST-absolute-spacetime components

The SST-As consists of the non-rotating-spin-1 neutrino-antineutrino pairs. Gravitational
energy of asingle lightest neutrino is

2
Ec = Myeutrino C” - (2.5.1)

On the other hand, the not observed non-gravitating superluminal energy of the entanglons
the lightest neutrino consists of is (see formula (2.1.9))

Es = Mneutrino Vl2 : (2.5.2)
The ratio of these energiesis
Es/Ec=vi®/c*~0.6:10"° (25.3)

We see that inside the SST-As is frozen tremendous amount of unobserved energy about
0.6-10™° parts per 1 part of the observed gravitating energy.

2.6. Magnetic moment of electron (it isan extension of Section 1.5)
We can introduce the symbol

¥ = Otem/ (' wie.pM + Olem) = 0.998468305339348 , (2.6.1)

where y denotes the mass fraction in the bare mass of the electron that can interact
electromagnetically, whereas 1—y denotes the mass fraction in the bare mass of the electron
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that can interact weakly. Whereas the electromagnetic mass of a bare electron is equal to its
weak mass.

For photon loops, mass is inversely proportional to radius, and oM denotes a mass which
is responsible for an interaction. Since the distance between the constituents of a virtual
electron-positron pair (virtual dipole) is equal to the length of the equator of the electron torus
(because such is the length of the virtual photons) so the ratio of the radiation mass (created

by the virtual pair), Am**,, to the bare mass of electron is (it concerns only the virtual
dipole)

O =Am**y/ Mebare =Y Oem/ 21 + (1 _Y) o W(e),DM/ 2n =

= 0.00115963353674058 . (26.2

The virtual dipole is polarized in such away that its electric line converges on the circular
axis of the electron torus so the distance of such axis to the electron condensate is equal to

2/3 of the equatorial radius of the electron torus — such a factor must appear for the weak
interactions of the virtual dipole with the rea bare electron. The ratio of the total mass of an
electron to its bare mass, which is equal to the ratio of the magnetic moment of the electron to
the Bohr magneton for the electron, without the virtual-field correction described below, is (it

concerns the virtual dipole and its weak interactions with the real bare electron (the Am™**,44
isapart of the total radiation mass Am,a*))

€ = (AMyag™ + Mepare) / Mepare = Me* / Mgpare =1+ 8+ OL’w(e),DM/ (2/3) =
=1.00115965300895. (2.6.3)
Each real electron is entangled with proton and it is the virtua proton field that increases

the density of the zero-energy field, so measured mass of electron is a little lower than it
would be for a free electron (i.e. for electron not entangled with proton). There are the weak

interactions of the Y with the two condensates in the virtual electron-positron pair (its total

mass is equal to the bare mass of electron). It causes that we must subtract from € following
value

Aggeron = (€ — 1) (0’ wierom Mepare) / (G Y) = 8.34419428182199-107° . (2.6.4)

The fina ratio of the magnetic moment of the electron to the Bohr magneton for the
electron, describes the formula

e =1+ a =M/ Mgpae= € — Ageatron = 1.00115965217453 . (2.6.5)
This result is very close to (2.3.13) so we showed the origin of the radiation mass of

electron.
Our model of the electron leads to following mass of it

Messt = € Mepare = 0.510998945997556 MeV . (2.6.6)
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2.7. Theatom-like structure of baryons at low energy
Hyperons arise very quickly because of the nuclear strong interactions. Due to the
electroweak interactions, they decay slowly on the TB orbits (in the “tunnels’ in the SST-As).

The relativistic pions in the tunnels “circulate” the torus (they are the S states i.e. | = 0).

Such pions we refer to as W(+_o),d pions because they are associated with the strong-
electroWeak interactions.

The distance B we can calculate on the condition that the relativistic charged pion in the d
= 1 state, which is responsible for the properties of nucleons, should have unitary angular
momentum (this state is the ground state for the W 1) 4 pions)

W(+_),d:1 (A+B)vg1=h, (2.7.1)

where Vg1 denotes the orbital speed of the W,y ¢-1 pioninthed = 1 state.

We can calculate the relativistic mass of the W ._o) ¢ pions using Einstein’s formula (see
our derivation in Section 1.4.)

W(+—o),d = niobound/ (1- de/ C2)1/2 : (2.7.2)

For the SST black holes, the square of the orbital speed is inversely proportional to the
radius Rq and for A we have c? so we have

V1! 2=A /(A +B)). (2.7.3)
From (2.7.2) and (2.7.3) is
Wi—)d = T%ouna (1 + A 1 (d B))2. (2.7.4)
The formulae (2.7.1)—(2.7.4) give two solutions for the B. The first solution is

B = 0.501835443499653 fm . (2.7.5)

Then
A /B =1.3897833266162 . (2.7.6)

The second solution is B* = 0.969294002358965 fm but this solution is not realized by
Nature. It follows from the fact that after creation of a baryon, inside the core dominates the

nuclear weak interaction defined by o) while outside it there dominates the electroweak
interaction defined by (Olem *+ Ouy(p)). There can be also the electroweak interactions of the

virtual quark-antiquark pairs and of the virtual electron-positron pairs defined by 20uy). We
know that coupling constant is directly proportional to exchanged mass while the mass is
inversely proportional to its range so we have

Thisvalueisvery closeto (2.7.6).
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The A/B* differs very much from (2.7.7) so the value B* is not realized in baryons.
Creation of aresonance is possible when gluon loops overlap with the tunnels. Such bosons

we call S(+_o),d bosons because they are associated with the nuclear Strong interactions. The

spin speeds of the Si1_g) g bosons (they are equal to the C) differ from the speeds calculated on
the basis of the Titius-Bode law for the strong interactions.

The masses of the charged and neutral core of resting baryons are denoted by H*. The
maximum mass of a virtual S—g),q boson cannot be greater than the mass of the core so we

assume that the mass of the S4_g) ¢ boson, created in the d = O tunnel, is equal to the mass of
the core. As we know, the ranges of virtual particles are inversely proportional to their mass.
Asaresult, we obtain

HCA = S0 d (A +dB). (2.7.8)

There is some probability that a virtual S—g),¢ boson arising in the d = O tunnel decays to

two parts. One part covers the distance A whereas the remainder covers the distance 4B.
Notice that there is

4 °%0und | (H* —4 7°%0und) =4 B/ A=2.8781, (2.7.9)

so for the remainder we have
S(+_),d:4 =H" -4 T bound - (2.7.10)
The nucleons and pions are respectively the lightest baryons and mesons interacting
strongly, so there should be some analogy between the carrier of the electric charge
interacting with the core of baryons (it is the mass distance between the charged and neutral

core) and the carrier of an electric charge interacting with the charged pion (this is the
electron). It leads to following formula

H —HY) /H =m¢/ 7" (2.7.11)
From (2.7.11) we obtain
H°= 724.775902675025 MeV . (2.7.12)
The mass distance AH = H* —H°is
AH = H* — H® = 2.66332187288708 MeV . (2.7.13)
For electron (plus electron antineutrino) placed on the circular axis of the core (i.e. the
centre of the electron condensate is placed on this axis) we obtain that the electromagnetic
binding energy is

AEen =3k €@/ (2 A ¢ F) = 3.09695311426693 MeV . (2.7.14)

The results are collected in Table 2 (the masses are provided in M eV).
The binding energy of the core of baryonsis
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AEcore = X*+Y —H* = 14.9780863141413 MeV . (2.7.15)
Table 2 Relativistic mass on the TB orbits
d S So)d Wity d Wio)d
0 | H* =727.439225 | H® = 724.775903
1 423.04375 421.49489 215.76069 | 208.64305
2 298.24411 297.15217 181.70381 | 175.70966
4 187.5739%4 186.88719 162.01257 | 156.66800

There is the four-object symmetry so the symmetrical decays of a virtual boson with a mass
four times higher than the remainder

Mg = Ms =4 S g=4 = 750.295768225635 M eV (2.7.16)

lead to the Titius-Bode law for the strong interactions. The group of four virtual remainders

reaches the d = 1 state. There, it decays to two identical bosons. One of these components is
moving towards the equator of the torus whereas the other one is moving in the opposite
direction. When the first component reaches the equator of the torus, the other one is stopping
and decays into two particles, and so on. In place of the decay, a “hole” appears in the SST
absolute spacetime. A set of such holes is some “tunnel”.

The d = 4 orbit isthe last orbit for the strong interactions.
The probability of the occurrence in the proton of the state H+W(0),d:1 is'y while the

probability of the occurrence of H°W (4 ¢=1 is 1-y. The probabilities y and 1-y, which are
associated with the lifetimes of protons in the above-mentioned states, are inversely
proportional to the relativistic masses of the W(+_o),d pions so we have

y =/ (" + T%ound) = 0.508385464005236 , (2.7.17)
1~y = 1%ound / (T* + T°hound) = 0.491614535994764 . (2.7.18)

The probability of the occurrence in the neutron of the state H"W() ¢=1 is X while the
probability of the occurrence of H®, 7t°pouna and Z° is 1-X, where Z° = W ) g=1 — T bound (the
pion Wq) =1 decays because in this state both particles, i.e. the torus and the W/q) =1 pion,
are electrically neutral). Since the W () ¢=1 pion only occurs in the d = 1 state and because the
mass of the resting bound neutral pion is greater than the mass of Z° (so the neutral pion lives

shorter) then
X = Ttobound / W(_)’d:]_ = 0.625536027373375 , (2.7.19)

1-x = 0.374463972626625 . (2.7.20)

The mean square charge for the proton is
<Qproton> = € [y* + (1-y)?] / 2 = 0.25€7 (quark model gives0.33¢”) . (2.7.21)

The mean sgquare charge for the neutron is
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<Qraron > = € X+ ()7 1 2x + 3 (1-x)) =
= 0.33€? (quark model gives0.226?),  (2.7.22)

where (2X + 3 (1 — X)) defines the mean number of particles in the neutron.
The mean sgquare charge for anucleon is

<Q* = [<Qpoton™> + <Qnaron>] / 2 = 0.29€” (quark model gives 0.28€”). (2.7.23)

The results are collected in Fig.10.

Q2 Q2
experimental 1

F
013
033
a1
0o
0.9
028
01
0.26
0.23
0.2
i e |
0.32

Symmeiric quark
Theory  theory

100%%p  S0%p  100%m
50% n

022

Fig 10. Mean square charge.

2.8. Masses and magnetic moments of nucleons

The mass of a baryon is equal to the sum of the masses of the components because the
binding energy associated with the strong interactions cannot abandon the strong field — it
follows from the fact that the periods of changes in masses that result from the strong

interactions are shorter than lifetimes of the baryons and from the fact that thed = O and d =
1 TB orbits are placed under the Schwarzschild surface for the strong interactions.
The mass of the protonis

p= (H+ + W(O),d:]_) y+ (HO + W(+),d:1) (1-y) = 938.272082 MeV . (2.8.1)
The not final mass of the neutron is
n* = (H"+ W g=1) X + (H° + W) a=1)(1— X) = 939.5372973 MeV . (2.82)

In the case of a dlight difference between the theoretical and experimental result, as (2.8.2)
for the neutron, one should look for unique interactions of a given particle to obtain the
correct value.

In nucleons, the state H"W ) 4-1 in the neutron is the only one state when both components
are charged so we should add the electroweak mass of the charged torus and a quadrupole of
fermions produced by the spacetime condensate Y. Assume that the Y produces the virtual
bare electron-positron quadrupoles and that there is the circle-radius transition — then mass of
the quadrupoleis
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Miour = 2T (4 rne,bare) =8n Me bare - (2.8.3)

Mass of the electroweak correction for neutron is

Ancorrection = ()(i + mfour) aern aw(p) X = 0.0282996 M eV . (284)
We obtain
N** = N* + Ancorrection = 939.5655970 MeV = 939.5656 MeV . (2.8.5)

Moreover, the free neutron as a whole does not interact electromagnetically so the
electromagnetic mass off the correction should be emitted, i.e. there should appear the factor

(1 — otem)- Our final mass of the free neutron is

N=N* + ANcorresion (1 — Clem) = 939.565390 MeV = 939.5654 MeV . (2.856)

Let us emphasize that earlier measurements of the neutron mass suggested that it is

~039.5656 MeV and recent measurements suggest that it is ~939.5654 MeV. As we can
see, both of these results appear in our theory (see formulae (2.8.5) and (2.8.6)) — this gives
additional credibility to our mode.

The SST mass distance between neutron and proton is

n—p=1.293308 MeV . (2.8.7)

M agnetic moments of nucleons
When measuring the magnetic moment, we place a nucleon in the external magnetic field,

which forces a stronger interaction of the relativistic charged pion W, 4=1 with the baryon
core, i.e. it increases its mass (its orbit radius slightly decreases).

In proton, the relativistic pion W4 =1 interacts with two neutral objects, i.e. with Y
(weakly) and X+e_ve,ami (also weakly) so the correction to mass isW(+),d:10cW(p)2.

The proton magnetic moment in the nuclear magneton is

Lproron/ = PY I H + p(L=y) / [Weyaea(1 + o] = +2.7928505 . (2.8.8)

In neutron, the relativistic pion W ¢=1 interacts with one neutral object and one charged
object, i.e. with Y (weakly) and X" (electromagnetically) so the correction to mass is

W(+) ,d=10emOly(p)-
The neutron magnetic moment in the nuclear magneton is

2.9. The origin of the SST Higgs potentials (volumetric and circular) for the SST-
absolute-spacetime components

To explain the origin of the SST Higgs potential we need quanta which ranges are equal to
the ranges in formulae (2.3.2) and (2.9.1).

There are two types of the SST long-distance Higgs potential. There is the volumetric

Higgs potential and circular one. Generally, the cores of neutrinos and baryons more likely
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interact in the planes of their equators so involved energy in circular loops with spins of its
components perpendicular to them is higher so range of the circular Higgs potential should be
shorter.

Generaly, the Higgs potential should be associated with the lowered density of the zero-
energy field, i.e. should concern the binding energy of the core of baryons or neutrinos. But in
the cores are produced the virtual objects (there is the negative mass and the positive one) so
they also can decrease density of the zero-energy field.

Range of the volumetric confinement for neutrinos (the SST volumetric Higgs

potential)

The side of a mean cube occupied by one SST-As component in the condensate Y is (we
denote it by Ly+as — it is the range of the volumetric confinement and it is the range of the
volumetric Higgs potential)

Notice that our result does not explain the origin of the range of the volumetric Higgs
potential/confinement.

The theories of the core of lightest neutrinos and core of baryons are similar so the

ratios of similar quantities in both theories have the same values. Instead to consider
neutrinos we are considering the cor e of baryons.

Calculate the binding energy of the X* and Y (i.e. of the core of baryons)
AEcoe = X*+Y —H* = 14.9780863141413 MeV . (29.2

This binding energy lowers the zero-point of the zero-energy field.
But there can appear aso following virtual processes that increase the binding energy.

Calculate energy, AE4, which relates to the energy emitted during the described earlier
collapse of the FGL (see formula (2.2.3)) that transits from the effective radii of the central

spacetime condensate (see formulae (2.4.5) and (2.4.9); the radius is "¢y =
0.86979529168408-10™"" m) to the equator of the core of baryons (the radiusis A)

AE; = [2 7 meg / (20)*] (P / A) = 0.00339592782587082 MeV . (2.9.3)

Such energy increases the energy defined by (2.9.2). Next the circular oscillations on edge

of the total binding energy transform into diagonal oscillations (see formula (1.4.30)). Then
energy of emitted quantais

AE,gumetic = (AEare + AE7) / * = 0.153799630844903 MeV . (2.9.4)

Internal structure of baryons shows that range of the quadrupole of the bound neutral pions
is A so range of the AEyoiumetric iS

Rvo|umet|'ic = 4 Tcobound A / AEvo|umetric = 3510.17972 A . (295)

By an analogy, for the SST-As components is
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RHiggs,voI umetric — 3510.17972 I'heutrino - (2-9-6)

This result differs from the result in (2.9.1) only by 1 part in about 3.6 million parts so we
can say that we showed the origin of the SST volumetric Higgs potential.

In formulae (2.3.2) — (2.3.7) we showed that range of the circular Higgs potential in the
bare-electron loop is

Le’bare = 3482.90191937193 rneutrino . (297)
But it does not show the origin of the circular Higgs potential.

Range of the circular confinement for neutrinos (the SST circular Higgs potential)

Assume that the FGL captures an energy AEgcua Which is an analog to the energy
AEyolumetric in (2.9.4). Instead the transition from * () to A there is the transition from the
nuclear weak interactions inside the core of baryons (the coupling constant is ouy(p) to the

electroweak interactions outside it (the total coupling constant is Olem + Ol (p))- By an analogy
to (2.9.3) we have

AE, = [2 (mFGL + AEcircular) / (271)4] (aan + aw(p)) / Olw(p) - (2.9.8)
By an analogy to (2.9.4) we have
AEgrcuar = (AEcore + AEZ) / 754 . (2.9.9)

From (2.9.8) and (2.9.9) we have

AEgircuar = 0.15500423364331 . (2.9.10)
And by an analogy to (2.9.5) we have
Reircuar = 4 T hound A | ABgircuar = 3482.90065 A . (29.11)
By an analogy, for the SST-As componentsis

RHiggsCi reular — 3482.90065 I'heutrino - (2-9-12)

This result differs from the result in (2.9.7) only by 1 part in about 2.7 million parts so we
can say that we showed the origin of the SST circular Higgs potential.

2.10. Muon
Muon is the electrically charged fermion. Mass of muon is close to the mass distance

between Y and X so such mass distance and some interaction should define the mass of
muon. Notice also that mass of a spin-0 charge-0 quadrupole of muons (4ui ~422.64 MeV)

isalittle lower than Y so in the central condensate of baryons there can be realized the four-
muon symmetry. Muons are produced also in the decays of the electrically charged pions.
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Assume that between a muon in Y and the torus/electric-charge X*is exchanged a virtua
bare electron-positron pair (i.e. there are the radia motions) that during the emission of the

muon undergoes the radius-orbit transition i.e. there is emitted the energy equa to E* =
2Me pare/(2T) = Mg pare/T. Moreover, the muon inside the core of baryon interacts weakly
withthe Y (it is defined by o) and weakly with other muons (it is defined by ouye). After
emission, the muon interacts only with Y'. It leads to following mass of the muon

1= (Y =X = E*) [t / (g + Owe)] = 105.6583796 Mev . (2.10.1)

Muon looks similar to electron, i.e. there is atorus/electric-charge and central condensate —
outside such a system, there are created the virtual electron-positron pairs. The two energetic
neutrinos that appear in decay of muon are inside the central condensate. Such complex muon
condensate behaves as the SST black hole in respect of the weak interactions.

By using the formula

=Gy M F/ reg, (2.10.2)

we can calculate the virtual or real energy/mass E of two neutrinos which should be absorbed
by the condensate of electron (the two neutrinos means that the structure is stable) to create
the SST black hole in respect of the weak interactions

M = E + Mgpae/ 2 = 35.80600998999 MeV . (2.10.3)
E = 2 Enaurino = 35.55080646432 MeV . (2.10.4)
Eneutrino = 17.77540323216 MeV . (2.10.5)

Emphasize that the total mass of the muon condensate is a half of its bare mass.

The anomalous relative magnetic moments of electron and muon are different because they
are created in different ways.

We can assume that due to some interactions, the radiation mass of the muon is a little
higher than it should be by an analogy to the electron. Denote the additional radiation mass of

the muon by Auirad. Then our formula for the anomalous magnetic moment of the muon is

3 = 3 (1 + Ap*raa/ Woare) | (2.10.6)

where 8 = 0.00115965217932 is for the electron (see (2.3.13)).

Due to the coallisions of nucleons and the four-particle symmetry, there appears a
guadrupole of the spacetime condensates created in the circle-radius collapse of four the
fundamental gluon loops plus the mass of the two bare electron-positron pairs (it is the

quadrupole as well) that are exchanged — the total mass of such a system is M* = 4(Y* +
Mebare) = 4(2TMEgL + Me pare). From it can be created the bare muon-antimuon pairs.

We can assume that the additional radiation mass of the muon, Apirad, is directly
proportional to the mass distance between the charged and neutral pions (An* = T —
n° = 4.59344255929688 M eV — see (2.4.28)) while the mass of the bare muon, [ pare, iS
directly proportional to the mass M*/2, so we have
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APvirad / Pvibare = (7{_r — 710) / (2 Y* +2 rne,bare) =
= 0.00540526503109431 . (2.10.7)
From (2.10.6) and (2.10.7) we obtain
asst,, = 11659204.0669424-10° = 0.0011659204067 . (2.10.8)
We can compare the SST result with experimental data.
The new experimental average presented by the “Muon g — 2" Collaboration, B. Abi, et al. (7
April 2021) is[2]
(2.10.9)

But emphasize that the earlier FNAL result was[2]

(2.10.10)

This experimental central value isin perfect agreement with our theoretical result. It cannot
be a chance that the SST simple model leads to an excellent theoretical result!
The theoretical Standard-Model (SM) result [3] is inconsistent with experimental data

(2.10.11)

2.11. Tauon and fine-structur e constant at high energies
Assume that the tauon is aresult of transition of the FGL onto the orbit with a radius equal

to its circumference (2w 2A/3 = 4nA/3) and next to a circle with a radius 27 times smaller

than the equatorial radius of the torus of baryons (Rresutant = A/(27)). With the tauon, which
is electrically charged, is created the bare electron-positron pair which is responsible for the
electromagnetic interactions.

From the conservation of angular momentum we have

MegL (4 T A /3) ¢ = (Myayon + 2 Mepare) {A/ (2 1)} C. (2.11.2)

It leads to the tauon mass
Miavon = 8 T° MegL / 3 =2 Mepare = 1776.67688470713 MeV . (2.11.2)
The second solution follows from the fact that the mean distance between the entangled
SST-As components on surface of the torus in the core of baryons is a little higher than the

circumference of the equatoria radius of the lightest neutrino (see formulae (2.3.14) and
(2.3.15))

Lna / (2 T Theutrino) = Lo = 1.0078405229268 = 1 + dlemypigh (211.3)

where dlempigh = 1/ 127.542513342079 is the fine-structure constant at high energies.
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Let us calculate mass of the tauon on the assumption that the distances between the

neutrino-antineutrino pairs in it is Lolneutrino instead the 2TN* Lol neutrino @S it is in the bare
electron. We obtain following relation

(Mtawon + 2 Mepare) / Mepare = 2 T N* . (2.11.4)
From (2.11.4) results that mass of the tauon leptonis
Miauon = 2 (T N* — 1) Mgpae = 1776.67688470713 MeV , (2.11.5)
i.e.thesameasin (2.11.2).

2.12. Photons, gluons and properties of fundamental particles

Table 3 New symbols
* Particle Internal Electric |Weak * New symbol
helicity charge charge
* Ve(anti) L (left) + * Ve(anti)L+
* Ve R (right) - * Ver-
* Vi (anti) R + * Vi (anti)R+
* vy, L — * V-
*e R — *eRr
* g L + * e
* p+ L + * p+L
* p_ R _ * p_R
*n LY + * L
* Neanti) RY — * Neanti)R
o R’ - “uR
* H+ Ll) + * H+L
* Rl) — + * TC_R
* TC+ Ll) + _ * TC+L

Y The resultant internal helicity is the same as the internal
helicity of the torus having highest mass.

The neutrinos interact with the condensates in centres of the fermions. Physical states of
them should be different. Components of a fermion should differ by internal helicity and, if
not by it, by the sign of the electric charge and/or the weak charge carried by neutrinos. The
possible bound states are as follows (symbols as in Table 3)

L R = € R Veanti)L+ VL
+ +
L =€ Ver- Vy (anti)R+
T R=E€R Vegati)L LL LLa = LR Vi @anti)r+»
where L denotes the FGL with the |eft helicity and antiparallel spin.
TE+|_ = e+|_ Ver— LrLRA .

There are in existence the following 8 states of the rotating-spin neutrino-antineutrino pairs
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Y1 = (Ver- Veanti)L+)L »

Y2 = (Vul- Vi (anti)R)L »
YL3 = (VeR— Vu (anti)R+)L '
Y4 = (Vu— Veganti)L+)L »
YR1 = (Ver- Ve(anti)L+)R

Yr2 = (VL= Vi @nti)R+)R »
YR3 = (VeR— Vu (anti)R+)R '
YrRa = (VuL— Ve(anti)L+)R -

In fields with internal helicity, they behave as gluons (8 different types) whereas in field
without interna helicity, they behave as photons (1 type only).

2.13. The mass of W* and Z° bosons

Assume that due to the four-fermion symmetry, a spin-O charge-O quadrupole of bare
electron-positron pairs (8me,bare) transits from the weak interactions of €lectrons to the
nuclear weak interactions (Xupe) = 19685.1404218066 — see formula (2.4.29)) and then
to such an object is added the spin-1 virtual pair composed of electron (positron) and electron-
antineutrino (electron-neutrino). Mass and spin of such a particle is equal to the mass and spin
of the W™ boson

W =8 Me bare Xw(p/e) + {mabare + Ve(anti)} virtua = 80.37948 Gev . (2.13.1)

But when there is absorption of energy defined by the very frequently applied formula
(1.4.31) then we obtain

Wy = W* [1 +1/ (2 n)*] =80.43105 GeV . (2.13.2)

By same analogy, assume that instead the 8 Mg pare in (2.13.1) there is the mass distance
between the charged pion and the bound or free neutra pion which attaches its
electromagnetic mass. Then for the spin-1 Z° boson we have

Z° = [7I+ - (nobound + 730) / 2] (1 + OLem) Xw(p/e) + {rne,bare + Ve(anti)} virtual —

=91.18936 GeV . (2.13.3)

2.14. Degrees of freedom

To describe position, shape and motions of a spinning loop without interna structure, but
with poloidal motion, we need 10 degrees of freedom: the three coordinates of its centre,
mean radius of the loop, its thickness, toroidal/spin speed, poloidal speed, linear speed (i.e.
time), and two angles describing rotation of the spin of the loop. A non-rotating-spin loop has
8 degrees of freedom.

To describe in such a way our core composed of a torus with central condensate (both
components without internal structure) we also need 10 degrees of freedom. It follows from
the fact that thickness of the torus depends on its mean radius so instead two sizes we have
one size. But there appears the radius of the central condensate. A non-rotating-spin core has
8 degrees of freedom.



50

Emphasize that we should not take into account sizes which depend on some other size.

Table 4 Degrees of freedom of fundamental objects

Stable object Co-ordinates and quantities needed to
describe position, shape and motions
Tachyon 6 (they always are spinning)
Closed string 10o0r 8
Entanglon
Neutrino 26 or 24: 8 for entanglons on torus
Neutrino-antineutrino (NA) pair 8 for entanglons in condensate
8 (or 10) for the core as awhole
Core of baryons 58 or 56: 24 for NA pairs on torus
Electron 24 for NA pairs in condensate
8 (or 10) for the core as awhole

An abstract core of Protoworld 122 or 120: 56 for CA on torus
composed of the baryonic core-anticore 56 for CA in condensate
(CA) pairs 8 (or 10) for the core as awhole

If N denotes the degrees of freedom then for our non-rotating-spin fundamental objectsis
N=8(2d-1), (2.14.1)

whered = 1, 2, 4, 8 arethe TB numbers.
For our rotating-spin fundamental objects we have

N=|8(2d-1)+2]. (2.14.2)

2.15. The seven types of interactions

There are seven types of interactions.

Viscosity of tachyons and viscosity between the tachyons and entanglons follows from
smoothness of surfaces of the tachyons — such viscosity causes that the entanglons are the
stable objects and that neutrinos curve the SST Higgs field, i.e. they produce the elementary
gravitational fields. We call such forcesthe viscid interactions.

The neutrinos and the SST-As components can be entangled due to the exchanges of the
superluminal entanglons they consist of. We call such directional forces the directional
entanglement.

The gravitational interactions follow from the gradients produced in the SST Higgs field.
Around the neutrinos there is a region filled with the emitted and absorbed entanglons —
binary systems of entanglons are the spin-2 objects. We can call them the SST gravitons but
emphasize that they are the superluminal objects. We calculated the gravitational constant G.

The emissions and absorptions of some groups of the SST entanglons cause that around the
neutrinos is created the SST Higgs potential which leads to the volumetric confinement or
the circular confinement of neutrinos and of the SST-As components. We calculated the
ranges and we showed their origin.

The creations and annihilations of the virtual bare electron-positron pairs and their
polarization are responsible for the electromagnetic interactions. We aready calculated the
fine-structure constants at low and high energies.

The scalar condensates are responsible for the weak interactions. We aready calculated
the three fundamental coupling constants for the weak interactions.
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The FGL and its binary systems (the pions) are responsible for the nuclear strong
interactions.

Gravitational fields are the gradients produced in the superluminal Higgs field by neutrinos.
The total cross section of al tachyons in volume of a rectangular prism 1m-1m-2:10*m is
1m? so all divergently moving tachyons sooner or later are scattered. It leads to conclusion

that range of the gravitational interactions is about 2:10%m.

Gravitational fields are the result of the viscid interactions of the SST Higgs field with the
entanglons the neutrinos consist of. Inside the region of the SST Higgs potential, the spin-2
binary systems of entanglons (we call them the SST gravitons) are emitted and absorbed so
such aregion is described by the SST quantum gravity. The flows of the SST tachyons in a
SST graviton we present in Fig.11.

The SST Higgs mechanism presented in this Paragraph (which leads to the volumetric
confinement) leads to the SST scalar condensates composed of the SST gravitons and to the
SST-As scalar condensates which in SST are responsible for the weak interactions.

closed stgs

A
Gl N> @/ N\
B’ N D

trajectories ‘
mternal of SST tachyvons spin
heheity velocity

Fig.11. The spin-2 S5T graviton.

We described four phenomena that cause that particles acquire their gravitational
masses, i.e. the SST isthe theory with mass gaps.

The first phenomenon shows how neutrinos acquire their masses — it is due to the
viscid interactions between the SST Higgs field and the entanglons the neutrinos consist
of. The second phenomenon shows how the SST-As condensates acquire their masses— it
is due to the volumetric confinement (the SST volumetric Higgs potential) of the
neutrinos and their pairs forced by the circle-diameter transitions of the virtual spin-1
loops created on the circular axes of the fundamental tori and by the initial radial
transitions. The third phenomenon shows how the bare electron loops acquire their
mass — it is due to the circular confinement (the SST circular Higgs potential) of the
neutrinos and their pairs forced by the same circle-diameter transitions but instead the
radial transitions there is the transition from the weak interactions to the electr oweak
interactions in the plane of the equators of the fundamental tori. The fourth
phenomenon shows how the tori/charges and dark-matter particles acquire their masses
—it isdueto thetwo shortest-distance quantum entanglement, i.e. 2R and 27R/3, where
R is the equatorial radius of the tori, and due to the long-distance quantum
entanglement.
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2.16. Higgs boson and a prediction of new particle

Mass of the region of the SST absolute spacetime, Hyiggs, Which overlaps with the
electromagnetic binding energy of the bare electron on the circular axis of the torus in the
core of baryons, AEgm = 3.09695311426693 MeV (seeformula (2.7.14)), is

Hhiggs = f AEem = 125.00615 GeV . (2.16.1)

where f = 40,364.2356312214 (see formula (2.4.25). It is the Higgs boson — it is the
composite scalar particle composed of the confined SST-As components.

There should be in existence a scalar (we call it the Higgs boson-high), Hpiggs-high, Or/and
spin-1 charged/neutral particle, H*, H**, with a mass equal to mass of the region of the SST-
As, which overlaps with the condensate Y

Notice that ssimilar values we obtain applying three other formulae
H* =f2 7t mpg. = 17.1303 Tev (2.16.3)
H** = 4 W* [ oy = 17.1724 Tev . (2.16.4)
H*** = Hyjggs / 0tem = 17.1303 TeV . (2.16.5)

We predict that mass of the new heavy Higgs boson will be about 17.12 Tev — 17.17
TeV.

2.17. Lamb-Retherford shift

The Lamb shift is the difference in energy between the Sy, and 2Py, energy levels. It was
not predicted by the Dirac equation because from it follows that these two states should have
the same energy. Now, in the mainstream physics, it is assumed that it isaresult of interaction
of the hydrogen electron with vacuum energy fluctuations.

We can calculate the Lamb shift using following formula

AE=o;ch/r=mc?. (2.17.1)

The Lamb shift concerns the second orbit so we have I = 4 Rg. We can rewrite (2.17.1) as
follows

vir=0iC/ (27 -4Rg). (2.17.2)

From the definition we have
o) ~ Y2 (2.17.3)
We claim that the Lamb shift is the result of the nuclear weak interactions of the energy

which is equal to the energy distance between the relativistic mass of the charged pion in the

d = 1 state and its rest mass with the radiation mass of the electron on the second shell in the
hydrogen atom, so from the definition we have

o ~ (W(+—),d:1 - 7tJ_r) (me - rne,bare) ) (2.17.4)
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The last two formulae lead to
0t = Ol(p) (Wisy =1 — ) (Me — Mepare) / Y2, (2.17.5)
so from (2.17.2) is
vi-r = 1058.0742 MHz. (2.17.6)

The second solution is as follows.
From (2.4.23) results that for spherical symmetry isa. ~ R so we have

A change in the radius of the second orbit in the hydrogen atom, dr, should be because of
the electromagnetic and weak interactions in presence of dark matter of the electron with
proton so we have

From this dr = 2.72248882025292:10° m.
For the second shell of the hydrogen atom, the frequency associated with such a shift is

vir=Ryc[1/4-1/(4+dr/Rg)] =1057.8396 MHz, (2.17.9)

where the Rydberg constant calculated within SST is
Ry=Fmee'/ (8& h°C) = 0ten” FMeC/ (47 h) = 10973731.48210 m™ . (2.17.10)
The two different phenomena lead to two different (but very close) frequencies. It suggests
that the Lamb shift should be split unless the second mechanism dominates because it relates

to the lower involved energy.

2.18. Lifetimes
Lifetimes we can calculate applying formulae (1.4.25) and (1.4.29)

TLifeime ~ 1/ m", : (2.18.1)
TLifetime ~ 1/ 04 . (2.18.2)

If the same mass can interact in different ways (i.e. the involved masses are o.M and oioM)
then from (2.18.1) we obtain

11/ 1= (a2 ] on)t . (2.18.3)

If one of the interactions is the nuclear strong interaction at low energy, say o, = o = 1,
then from (2.18.2) we have



/=011, (2.18.4)

or from (2.18.3) is
rl = (1ot (2.18.5)

Contrary to appearances there is practically no ambiguity in the calculated lifetimes of
particles.

Muons are created as quadrupoles from the Y condensates. It causes that they conserve the

zero-€lectric-charge and the zero-spin of the condensate Y. Then the muon torus and the torus
in the core of the baryon synchronize their spinning periods which are the initial lifetime of
the muon

To=2nA/c = 1.4617314589588510 % s . (2.18.6)

The weak interactions of the muon increase its initial lifetime. There is the transition from
the nuclear weak interactions (the involved mass is My,1 = Oly(p) 1*) to wesk interaction of
electron (the involved massis My > = Oly(g) ui). Such transition increases the muon lifetime.

Since Xw(pie) = Ow(p) / owe = 19685.1404 (see formula (2.4.29)) so from (2.18.3) the
lifetime of muon is

Truon = To Xw(pre = 2.194935.10 ° s. (2.18.7)

The weak interactions are responsible for the decay of the hyperons and because of these

interactions they behave as a nucleon, whereas the muon behaves as an electron, so the

lifetimes of the hyperons should be close to (there is a transition from weak interaction of
electron to the nuclear weak interaction) — see (2.18.2)

The tauon decays because of the transition from the nuclear weak interaction to the nuclear
strong interaction (see (2.18.3))

Tiaon = Trmuon (Ow(p) / 0te)* = 2.697206-10 5. (2.18.9)
The lifetime of the charm hyperon A"(2260) is (see (2.18.1))
Ta2260) = Thyperon (Y 1 Y aeze0))* = 1.817:10 s, (2.18.10)
where Y A(2260) = 2286 — 1115 + 940 = 2111 MeV.
The lifetime of the FGL created on the circular axis of the torus of the nucleon can be

calculated using the formula Erg| * TrgL = B, where Mg = 67.544413 MeV

TraL = 9.745-10% s. (2.18.11)
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The neutral pion (it consists of two the fundamental gluon loops) decays in respect of the
transition from the strong interactions to the nuclear weak interaction. Consequently the
lifetime of the neutral pion is (see (2.18.5))

Tpion(o) = TraL (1 / o) * = 0.793-10 s, (2.18.12)

The charged pion decays because of the transition from the nuclear strong interaction to the
electromagnetic interaction, therefore (see (2.18.5))

Tpion(+) = Tpiono) (1 / tem)” = 2.797-10° s, (2.18.13)

The neutron and muon decay due to the weak interactions but in neutron, there is the
transition from the FGL interacting with At = T — nobound to the bare electron. From
(2.18.1) is

Tneutron = Tmuon{ (mFGL + ATC) / rr]e,bare} 4 = 87633 S. (21814)

Ordered motions of neutrons at low energy decrease local density of field so neutrons
absorb the smallest possible mass, i.e. the electron condensate, so we have

T* neutron = Tmuon{ (mFGL + ATC + rr]e,bare/ 2) / me,bare}4 = 88880 S. (218 15)

Lifetimes of the W* and Z° bosons and of the H Higgs boson
The H, W* and Z° bosons decay due to their weak mass, M yex,

where M isthe mass of a condensate whereas the M \yeax isthe decay width I".
On the other hand, lifetime of a condensate is defined as follows

1=h/T =R/ (Myex ) = A/ (cwp M ). (2.18.17)
Applying formula (2.18.17) we obtain the rigorous theoretical lifetimes — they are the upper

limits for experimental data. It follows from the fact that theoretical decay width always has
higher accuracy than experimental ones (it is due to the systematic and statistical errors)

FH,theory(SST) ~2.34 GeV / C2 > TH, theory — 2.82-10_25 S, (2.18.18)
Tz theory(ssn) = 1.71 GeV [ & 2 Tz eory = 3.86-10% s (2.18.20)

Applying formula (2.18.17) and knowing the decay widths, [4], we obtain the experimental
lifetimes

Thep. = 3.4 GV / C° > Tep = 19410 s, (2.18.21)

Twep = 2.1 GeV / @ > tyep = 316107 s, (2.18.22)
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TZep ~2.5GeV [ C > Tzep = 264107 s, (2.18.23)

Notice that
_ — nl2

It suggests that the energy responsible for decay, I'theory, appears on the Schwarzschild
surface for the weak or nuclear strong interactions. Then, its relativistic mass is I'ep. =

oY ZFtheory — it leads to the perfect consistency of the SST with experimental data concerning
the lifetimes.

2.19. Radius of proton

Here we show that the charge radius of proton depends on kind of measurement.

We know that range/radius of interaction is inversely proportional to mass so an increase in
mass due to some additional interactions causes that effective radius (for example, of proton),
Rest, decreases. It follows from the conservation of the angular momentum of a loop for an
invariant spin speed of the loop — it can be a virtual photon loop or virtual gluon loop with
energy equal to a characteristic mass that carries an interaction. It leads to following
relationship

Ret = Ro Mo/ (Mo + X my) , (2.19.1)

where R, is the initia radius, M, is the initial mass carrying an initial interaction, and Xim is
the sum of masses of carriers of additional interactions.

On the other hand, coupling constants, o, are directly proportional to masses of carriers of
interactions, My, (see (2.4.23))

o ~m;. (2.19.2)

From (2.19.1) and (2.19.2) we have
Reit = Ry 0/ (OLO + 2 Oti) , (2.19.3)

where 0 is the initial coupling constant, and X;a is the sum of coupling constants for
additional interactions.

In the proton, there is occupied only the d = 1 state, i.e. Rg=1 = A + B = 1.199278 fm —
it is occupied by the positively charged relativistic pion, " or relativistic bound neutral pion
(0]
TU bound-

From the sizes of the torus/electric-charge follows that the charge radius of proton along the
Z-axisis

R,=A/3. (2.19.4)

The charged pion in the d = 1 state causes that the charged radius of proton along the x-axis
and y-axisis
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R=R,=A+B. (2.19.5)

The virtual gluons are emitted especially in directions parallél to the plane of the equator of
the torus/electric-charge so the nuclear strong field has a shape of a cylinder.
The arithmetic mean of the orthogonal radii, which is the real mean charge radius of proton,

Rop. is
Rop=(Rx+Ry+R) /3=[2(A+B)+A/3]/3=0.8770123 fm. (2.19.6)

This value is consistent with the result obtained by Fleurbaey, et al. (2018) [5] —theresult is
I, = 0.877(13) fm. It is based on the 1S — 3S transition in hydrogen.

This value is consistent also with the result obtained by Sick (2018) [6] —the result isTp =
0.887(12) fm. It is based on the electron scattering.

The virtual nuclear strong field creates the virtual charged pion-antipion pairs (the T
pairs). Decays of such pairs into muons cause that there appear the muon-antimuon pairs (the
u‘pf pairs). On the other hand, the decays of the T pairs into the neutral pions cause that
there appears a virtual cloud composed of the electron-electron antineutrino pairs and the
positron-electron neutrino pairs with a mass of Ar = T — nobound.

In measurements based on, for example, the muonic hydrogen Lamb shift, the virtua
leptonic quadrupoles, e_ve,antie+ve, are forced to interact with the virtual u‘pf pairs. It causes
that the effective charge radius of proton decreases. The mean muon charge radius, Ry, of
proton is

Ro( = Rop 1 / (1 + Am) = 0.840391 fm . (2.19.7)

Thisvalue is very close to the result obtained by Antognini, et al. (2013) [7] —theresult isrp

= 0.84087(39) fm. It is based on the |1 — atom Lamb shift.
Applying formula (2.19.3) we obtain

Rp(lower—limit) = Ro,p OLS/ [OLS +2 (Otw(p) + Otem)] =0.833630 fm, (2.19.8)

where a5 = 1 isthe coupling constant for the nuclear strong interactions inside baryons at low

energy. The factor 2 in formula (2.19.8) appears because the virtual leptonic field interacts
with proton viathe particle-antiparticle pairs, not viasingle particles.
This value is consistent with the result obtained by Bezginov, et al. (2019) [8] —the result is

I, = 0.833(10) fm. It is based on the 2S5-2P transition in hydrogen.

On the basis of the atom-like structure of baryons, we showed that the effective charge radii
of proton strongly depend on the kinds of measurements.

We claim that the measurements based on the nS — mS transitions in hydrogen, where n and
m are the natural numbers, and based on the elastic electron-proton scattering in the low
momentum transfer region, practicaly eliminate the electroweak interactions of the virtual
leptonic field with proton. It causes that the nuclear strong interactions lead to the real charge
radius of proton equal to 0.8770123 fm — it isthe upper limit.

The electroweak interactions of proton with the virtual leptonic field composed of the muon-

antimuon pairs (u‘pf) and the lepton quadrupoles (e_ve,antie+ve) from the decays of the virtual
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charged pion-antipion pairs (TE_7I+), cause that the effective charge radius of proton decreases to

0.840391 fm so we indeed can call such aradius the muon charge radius of proton.
The lower limit for the effective charge radius of proton we obtain using the coupling
constants for the nuclear-strong, nuclear-weak and electromagnetic interactions — it is

0.833630 fm.
The calculated values should dominate but there can be also some mixtures of them.

2.20. Selected mesons

Mesons, meanwhile, are binary systems of gluon loops that are created inside and outside
the torus of baryons. They can also be mesonic nuclei that are composed of the other mesons
and the FGLs, or they can be binary systems of mesonic nuclel and/or other binary systems.

We can build three of the smallest unstable neutral objects containing the carriers of strong

interactions i.e. the pions (134.96608 M eV (the bound state) and 139.57040 MeV) and the
FGLs (67.54441 MeV). Each of those objects must contain the FGL because only then it
can interact strongly.

The letter a denotes the mass of the object built of abound neutral pion and one FGL

a=202.51 MeVv.

The parity of this object is equal to P = +1 because both the pion and the FGL have a
negative parity so as aresult the product has a positive value.

The letter b denotes the mass of the two bound neutral pions and one FGL

b =337.48 Mev.

And b’ denotes the mass of the two charged pions and one FGL

b’ = 346.69 MeV.

The parity of these objectsisequal to P = —1.

In particles built of objectsa, b, and b’, the spins are oriented in accordance with the Hund
law (the sign ”+” denotes spin oriented up, the sign "—" denotes spin oriented down, and the
word "and” separates succeeding shells), for example

+—and +— +++———and +— +++——— FHHH+————— and etc.

Because electrically neutral mesonic nuclei may consist of the above three different types
of objects whereas only one of them contains the charged pions, the charged pions should,
therefore, be two times less than the neutral pions. It isalso obvious that there should be some
analogy for mesonic and atomic nuclei. | will demonstrate this for the Upsilon meson and the
Gallion. The Gal is composed of 31 protons and has an atomic mass equal to 69.72. To try to

build a meson having a mesonic mass equal to 69.5 we can use the following equation:
95Upsilon = Y(1S) = 8a + 14b + 9b’ = 9464.92 MeV (vector).

Such a mesonic nucleus contains 18 charged pions, 36 bound neutral pions, 31 FGLS, and
contains 31 = 8 + 14 + 9 objects.

Lightest mesonic nuclel

The Eta meson is an analog to the Helion-4. Since the Eta meson contains three pions there
are two possibilities. Such a mesonic nucleus should contain one charged pion but such
objects are not electrically neutral. This means that the Eta meson should contain two charged
pions or zero

‘Eta= n=a+b’ =549.20 MeV (pseudoscalar),
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*Etaminimum = Nminimum = @ + b = 539.99 MeV (pseudoscalar).
The Eta meson isan analog to Lithion-7
Eta =1’(958)=3a+ b’ =954.22 MeV (pseudoscalar).

We see that there are in existence the following mesonic nuclei (a+ b’) and (3a + b’) —it
suggests that there should also be (2a + b’). However, an atomic nucleus does not exist

which has an atomic mass equal to 5.5. Such a mesonic nucleus can, however, exist in a
bound state, for example inside a binary system of mesons

X' =p=2a+b =751.71 MeV (vector).

The K kaons
The core of baryons is indestructible at high energies so particles that are created aso at
high energies must be created inside the baryonic core. Kaons, pions, or Higgs bosons al are

produced inside the core. Therefore we do not have much choice — there isthe X*, Y, Megy,
AEcore, On the circular axis of the torus there can be the bare electron Mg pare, and there is the
four-fermion symmetry associated with Y (4 Mgpgeor Y = 4 ui).

Assume that the spin-0 charged kaon K* isaresult of followi ng interactions

K* =Y + MegL + (€V)virual + 4 € bae = 493.708 MeV . (2.20.1)

In reality, one of the two FGLs in a charged pion (it is a pseudoscalar), due to the transition
from its circumference to its radius, transforms into the spacetime condensate Y — it means
that the [Y + Mg + (ei\/)virtuaj] is a pseudoscalar. The 4Mg pare is a scalar, so K* isa
pseudoscal ar F=0.The (eiv)virtua] stabilizesthe [Y + Meg, ] pair.

The spin-0 neutral kaon K° is created because the neutral pion, after the transition
described above, attaches the electromagnetic mass of the quadrupole of neutral pions (Mem
= 4m°0lem = 3.940 MeV) to stabilize the [Y + Meg ] pair.

K°=T[Y + MeaL + Man] + 4 € pae = 497.648 MeV . (2.20.2)

Due to the strong interactions, the neutral kaon decays into two pions (the coupling
constant is equal to 1) or due to the weak interactions to three pions. The condensate of the
proton is about 1t times greater than the rest mass of the neutral pion so the coupling constant
of the weak interactions of two pionsis 7* times smaller than for the proton. This means that
the K°_ kaons should live approximately 11” / () = 527 times longer than the K,

The Ko* meson
The composition of Ko*(700) is as follows

Ko* (700)mass = 2 Y = 848 MeV . (2.203)

But one of thetwo Y condensates can decay to two neutral pions so the mean massis
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Ko* (700)mean = Y + 2 1° = 694 MeV = 700 MeV . (2.20.4)

2.21. Hyperons

The d = 2 state is the ground state outside the Schwarzschild surface for the strong
interactions and is responsible for the structure of hyperons. During the transition of the Wy
pion fromthe d = 2 state into d = 4, in the d = 2 state, some vector bosons occur as a result
of decay of the Wy pions into two loops. Each loop has a mean energy equal to the E

E= (W(_)’dzz + W(O),dzz_ W(_),d:4 - W(o),d:4) /2 =19.3664 MeV . (2.21.1)

The vector bosons interact with the Wy pions in the d = 2 state. The mean relativistic
energy, Ew, of these bosons is

Ew=E/{1-A/(A+2B)}¥?=252128 MeV . (2.21.2)

Groups of the vector bosons can contain d loops. Then in the d = 2 state there may occur
particles that have mass which can be calculated using the following formula

d< 2

M(+—o),k,d:2 = W(+_o),d:2 + 2 dEw, (2.21.3)
d=0,124

wherek =0, 1, 2, 3, and the k and d determine the quantum state of the particle having a
mass M (+—0),k,d-

The mass of a hyperon is equal to the sum of the mass of a nucleon and of the masses
calculated from (2.21.3). We obtain good conformity with the experimental data assuming
that hyperons contain the following particles (the values of the mass are in MeV)

A=n+ M(O),kzo’dzz = 1115.3, (2.21.4)
Y= p+ M(o),kzz,dzz = 1189.6, (2.21.5)
>°=n+ M(O),kzz,dzz = 1190.9, (2.21.6)

2 =n+ M(_)’kzz,dzzz 1196.9, (2.21.7)
EO= A+ M(O),k:]_,dzzz 1316.2, (2.21.8)
= =A+ M(_)’k:]_,dzz = 1322.2, (2.21.9)
Q ="+ M(O_)’kzg,dzz = 1674.4. (2.21.10)

Using the formulae (2.21.3)-(2.21.10) we can summarise that for the given hyperon the
following selection rules are satisfied:

a) each addend in the sum in (2.21.3) contains d vectorial bosons,

b) for the d = 2 state the sum of the values of the K numbers is equal to one of the d
numbers,

) thesum of the following three numbers i.e. of the sum of the values of the K numbersin
the d = 2 state plus the number of particles denoted by M(+_o),k,d:2 plus one nucleon is
equal to one of the d numbers,
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d) there can be only one object in the nucleon or hyperon having the mass M (+_g) k.4 for
which the numbers k and d have the same values,

€) there cannot be vector bosons in the d = 1 state because this state lies under the
Schwarzschild surface and transitions from thed = 1 statetothed = 2 or d = 4 states
are forbidden, so inthe d = 1 state there can only be one W4 pion,

f) the mean charge of the torus of the nucleon is positive so if the relativistic pions are not
charged positively then electric repulsion does not take place — there is, however, one

exception to this rule: in the d = 1 state there can be a positively charged pion because
during that time the torus of the proton is uncharged,

g) to eliminate electric repulsion between pions in the d = 2 state there cannot be two or
more pions charged negatively,

h) there cannot be a negatively charged Wy pion that does not interact with the vector
boson in the d = 2 state in the proton because this particle and the Wy pion inthed =
1 state would annihilate,

i) there cannot be a neutral pion in the d = 2 state in the proton because the exchange of
the charged positively pion inthe d = 1 state and of the neutral pion in the d = 2 state
takes place. This means that the proton transforms itself into the neutron. Following
such an exchange the positively charged pion in the d = 2 state is removed from the
neutron because of the positively charged torus. Such a situation does not take place in
the hyperon lambda A = N Wg) g-».

Using these rules we can conclude that the structure of hyperons strongly depends on thed
numbers associated with the Titius-Bode law for strong interactions (i.e. with symmetrical
decays) and on the interactions of electric charges.

The above selection rules lead to the conclusion that there are in existence only two
nucleons and seven hyperons.

The spins of the vector bosons are oriented in accordance with the Hund law. The angular

momentums and the spins of the objects having the mass M (+.o) k¢ are oriented in such a way
that the total angular momentum of the hyperon has minimal value. All of the relativistic

pions, which appear in the tunnels of nucleon, are in the S (I = 0) state. This means that
hyperons A, X, and E have half-integral spin, whereas Q has a spin equal to 3/2.

The strangeness of the hyperon is equal to the number of particles having the masses

M (+—0) k,a=2 taken with the sign “—".

Notice also that the percentages for the main channels of the decay of A and N hyperons
are closeto the X, 1-X, y, 1-y probabilities. This suggests that in a hyperon, before it decays,
the W) ¢=2 pion transits to the d = 1 state and during its decay the pion appears which was
inthed = 1 state.

2.22. A(1232) resonance

The A(1232) resonance is the only one to behave in an unusual way that results from the
dynamics of baryons. Decay of such resonance starts from d = 2 state as it is for al baryon
resonances. But the relativistic radial speed of the charged pions, 7, inthed = 4 gtate is

Viadia = (C2 — Vspin,d:42)1/2 =0.8614783 c, (2.22.1)

where Vgina=4" / ¢ = A / (A + 4B).
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It causes that the relativistic mass of the charged pions in the d = 4 state is (it moves in
radial direction)

nird,d:4 = 274.8560 MeV anditiscloseto g = + 1° = 274.5472 MeV , (2.22.2)

so there is a resonance!

There is also the virtual part that leads to the mean mass of the vector boson (gluon) E =
19.366444 Mev {J” = 17} (see (2.21.1)) that interacts with the relativistic charged pion —
then the spinisequal to 1 asit isfor the SST-absol ute-spacetime components.

In SST, we have the four charge states of the A(1232) resonance:

A(1232)7" {3/2"u} =p +n'g + E=1232.186 MeV , (2.22.3)
A(1232)" {3/2"u} =n+ 'y + E = 1233.479 MeV , (2.22.4)
A(1232)°{3/2"u} =p + n g + E=1232.186 MeV , (2.22.5)
A(1232) {3/2'u} =n+ ¢ + E = 1233.479 MeV . (2.22.6)

The arithmetic mean of the four massesis
A(1232) =N(938.92) + nirel +E=1232.83MeV and ' =3/2". (2.22.7)

The basic objects in A(1232) are created in the d = 2 state. Radius of the d = 2 state is
Rg=> = 1.7011 fm. It means that the FGL produced in the core of baryons reachesthed = 2
orbit after T = Ryg=n/ € = 5.67-10%* s. From formulal” = h / t we can calculate the full
width that relates to t: 116 MeV. On the other hand, the Breit-Wigner full width for mixed

charges of the A(1232) is114 <T" < 120 MeV so our result overlaps with the experimental
data.

2.23. Masses of quarks

Within the 3-valence-quarks model of baryons we cannot calculate simultaneously the
precise mass and spin of proton whereas it is possible within the SST. Here we showed that
the quark theory is not important at low energy. But, of course, the masses of quarks should
follow from presented here the atom-like structure of baryons. Most important are the masses
of the quark-antiquark pairs.

Mass of the up quark (Mouak-u = 2.23 MeV) is equa to the half of the mass distance
between the two states of proton.

Mass of the down quark (M ouark-d = 4.89 MeV) is equal to the half of the mass distance
between the two states of neutron.

Mass of the strange quark (M quark-s = 87.86 MeV) should be associated with the mass of
the relativistic W(g),d=2 = 175.710 MeV pion — this state is responsible for the masses of
strange hyperons so mass of the strange quark isequal to the half of this mass.

To calculate masses of the three heaviest quarks we must derive some formula.

Quark isaloop or a condensate of it. We showed that aloop has 10 degrees of freedom. A
hypervolume of the phase space and its total mass (the mass is in proportion to the
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hypervolume), i.e. the mass of the quark-antiquark pairs created in collisions, must be in
proportion to the radius of a gluon loop to the power of 10.

On the equator of the torus, there arise the gluon condensates which masses are the same as
the calculated within the atom-like structure of baryons. Range of a condensate is I'vange. Then,

there is created a loop with radius lgop = Irange + A. Mass of such aloop we can calculate
from following formula

M Loop [GEV] = 8q (IiLoop [fM])™® = &q (Frange [fm] + A [fm])™, (2.23.1)

where g is a factor whereas A = 0.6974425 fm is the radius of the equator of the torusin
the core of baryons. For H* = 0.7274392 GeV we should obtain Noop = A so then 8y =
26.71238 GeV/fm®.

Knowing that range of a mass equal to S+ ¢=4 = 187.5739 MeV is4B = 2.007342 fm,
we can calculate range for a gluon condensate from formula

Mrange [fM] = S(+—),d:4[MeV] 4B [fm] / Meongensae [MeV] = bq/ Meondensate [MEV] , (2.23.2)

where Meondensate IS the mass of a gluon condensate whereas by = 376.5249 fm-MeV.
We can rewrite formula (2.23.1) asfollows

M Loop [GeV] = aq (B / Meondensate [MeV] + A [fm])™. (223.3)

Mass of gluon condensate equal to mass of the Upsilon Y(1S, 9460 MeV) leads to the
mass of the charm quark (M quark-c = 1267 MeV).

Mass of a loop overlapping with the d = O orbit is 727.4392 MeV. Calculate mass of a
condensate that is equal to mass of a loop overlapping with the last orbit, d = 4, on
assumption that linear density is the same as for the loop overlapping with the d = O state.
We obtain Meondensate = 2821.116 MeV. Applying formula (2.23.3) we obtain mass of the

bottom quark (M quark-b = 4190.33 MeV).
Mass of gluon condensate equal to sum of masses of the torus inside the core of baryons

(X* = 318.29555 MeV) and the condensate (Y = 424.12176 MeV), i.e. Meongensate =
742.4173 MeV, leads to the mass of the top quark (M guark-+ = 171.85 GeV).

2.24. The PMNS neutrino-mixing matrix

Since the SST parameters and the SM parameters concerning the PMNS neutrino-
mixing matrix are the same so the SM mimics the properties and weak interactions of
neutrinos described in SST.

The mixing angles are defined as follows.

A. The first fundamental phenomenon in the early nuclear plasma was the production of the
charged pion-antipion pairs Fry = (") = 279.14 M€V and next their decays to, first of
al, electron-neutrinos and tau-neutrinos (see the explanation below) with the characteristic
energy Eoneutrino = MeL / 2 = 33.77221 MeV. The ratio of these masses can define the
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A13 angle which is a powerful discriminator of the neutrino theory because it appears in all
three SST definitions of the mixing angles. We obtain

A13[°] = Fx / Eoneutrino = 8.2654 . (2.24.1)

Notice that value of the first mixing angle is close to the ratio of the masses of the lightest
hyperon (i.e. hyperon A that decays due to the nuclear weak interactions) and lightest meson
(i.e. the bound neutral pion): A / Tt bound = 8.264.

B. The second fundamental phenomenon in the early Universe was and is the four-neutrino
symmetry (there are the four stable neutrinos) that can lead to the transition of four protons
into atomic nucleus of helium-4. We can call such mixing angle the solar angle because it is

associated with the solar neutrinos — it is the mixing angle A1,. We can define the solar
mixing angle using formula

A [°] =4 A3 =33.0616 . (2.24.2)

C. The third fundamental phenomenon in the early Universe was creation of objects
composed of three entangled neutrinos with different flavours — such objects were composed

of 5 stable neutrinos (see the explanation below) so the mixing angle A,z we can define using
formula

Ax [O] =5A13=41.3270. (2.24.3)

Such angles lead to the 9 SST PMNS-matrix elements.

In SST, the nuclear weak interactions are associated with the poloida motions of the
torus/electric-charge in the core of baryons — such motions change the direction of the
particles motion to the opposite, so the phase shift is 180 degrees, i.e. dwea [7] = 180 i.e.
exp(i Oweak) = —1.

According to SST, the tremendous non-gravitating energy inside the four stable neutrinos
(i.e. the electron-neutrino, muon-neutrino and their antiparticles) causes that they are
indestructible in the present-day inner Cosmos.

The charged pions can decay as follows

> €+ Vet Vyani TV, (2.24.4)
T > € + Veanti + Vyu + Vyanti - (2.24.5)

There isapossibility that the three neutrinos that appear in the decays of charged pions will
be entangled and will carry half-integral spin. We claim that such objects composed of three
entangled stable neutrinos are the tau-neutrinos

Vi = Ve (Vyanti Vi) (2.24.6)

Veanti = Veanti (Vi Vianti) - (2.24.7)
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The pair of neutrinosin the parentheses has the total weak charge and total internal
helicity both equal to zero so the tau-neutrinos behave as the electron-neutrinos with
shifted mass (massisthreetimesgreater).

We can see that there are three flavours of neutrinos v, wheren = e, |, T.

Rotating neutrinos shift the zero-point of the local zero-energy field and such “mass’ can
be measured because of the very small size of the rotating neutrino.

Maximum “mass’ of rotating electron- or muon-neutrino can be close to the Planck mass

The CMB neutrinos should have the mean “mass’ equal to the geometric mean of the mass
of the non-rotating-spin neutrino and of M Neutrino,max

I\/INeutrino,CMB = (M Neutrino,max rnNeutrino)l/2 =1.0241-10°% kg =0.05745 eV . (2.24.9)

The sum of the CMB masses of the three degenerate neutrinos with different flavoursis
MS,CMB = Zn:e,u,t Mn=5 MNeutrino,CMB =0.2873 eV . (2.24.10)
This value is consistent with the observational facts[9]: 0.320 + 0.081 ev.

2.25. The CKM quark-mixing matrix

Contrary to the Standard Moddl (SM) of particle physics, we can test the Scale-Symmetric
Theory (SST) viathe experimental values of the elements of the CKM matrix. It follows from
the fact that values of such elements result from the atom-like structure of baryons described
in SST. In SM, such values are the free parameters.

Sincethe SST parametersand the SM parameter s concerning the CKM quark-mixing
matrix are the same so the SM mimics the true description of structure and interactions
of hadrons described within SST.

The masses of quarks and mixings of quarks have the origin in the SST. In SST, the three
mixing angles are defined by ratios of masses of the three characteristic masses for the atom-

like structure of baryons to the mass of the torus/electric-charge in the core of baryons X* =
318.29555 MeV that is the source of the Titius-Bode orbits for the nuclear strong
interactions. The masses are as follows. The first virtual mass Mg = 750.2958 MeV is
created on the equator of the core of baryons (the d = O state) — its symmetrical decays are
responsible for creation of the TB orbits for the nuclear strong interactions. The second virtual
mass Meg. = 67.54441 MeV isthe mass of the fundamental gluon loop (FGL) created on
the circular axis inside the core of baryons — it is responsible for the strong interactions inside
hadrons. Above we showed that the third virtual mass M quark-b = 4190.33 MeV isthe mass
of the b quark which is associated with the last TB orbit for the strong interactions.
The mixing angles are defined as follows

A1 [°] = Mouarks / X* = 13.165, (2.25.1)

Az [O] = Mg / X* = 0.212207 , (2.25.2)
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Axs[’] =M/ X*=23572. (2.25.3)

Emphasize that in the SST CKM matrix, we need only mass of the b quark that is derived
within the atom-like structure of baryons — other properties of quarks are useless.

Such angles lead to the 9 SST CKM-matrix elements.

In SST, the nuclear weak interactions are associated with the poloida motions of the
torus/electric-charge in the core of baryons — such motions change the direction of the
particles motion to the opposite, so the phase shift is 180 degrees, i.e. dwea [] = 180 i.e.
exp(idweak) = —1. The SST nuclear strong interactions are associated with the radial motions
of the gluons so the phase shift is equal to zero degrees, i.e. dgrong [] = Oi.e. €XP(idsrong) =
+1. The SST electromagnetic interactions are associated with the toroidal motions of the
torus/electric-charge.

Knowing that the phase shift for the nuclear strong interactions is zero degrees and

applying the mainstream definitions of the CKM elements, we can calculate two of them
needed here

|Vu | =sin A3 =0.0037037, (2.25.4)

ik |V | =Sin Ay cos Az =0.041129, (2.25.5)
i.e. theratio of them is

frigh = [| Vo |/ | Ve [Inigh = 0.090051 . (2.25.6)

This is the SST ratio for the high q2 ranges because for such ranges, the nucleon-nucleon
collisions cause the transitions of quanta from infinity, R = oo, onto the equator of the core
of baryonswith aradius of A = 0.6974425 fm (i.e. the oo = A transition).

The SST theoretical result (2.25.6) is consistent with experimental data: 0.095(8) [10].

For lower-range transitions, the g is lower so the ratio [V yo|/|V o] is lower too.
Theradii of the TB orbits are defined by formula

R=A+dB, (2.25.7)

where B = 0.5018354 fm,andd =0, 1, 2 and 4.

Here we calculated the ratios f for the low q2 ranges (i.e. for A + B > A) and for decays
of the A% baryons (i.e. for A + 4B > A).

The experimental results are as follows. For the low g ranges we have 0.061(4) [10] and
for the b hyperons is 0.079(6) [11].

The relativistic spin speeds on the TB orbits we can calculate from the boundary condition
that on the equator of the core of baryons (the radius is A) the spin speed is C. From formula
v = GM / Rweobtain

VIc?=Al(A+dB). (2.25.8)
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On the other hand, the relativistic mass we can calculate from the Einstein formula (see our
derivation in Section 1.4))

Mga / Mo=1/(1—V?/cA)"2. (2.25.9)

In SST, the resultant ratio fregjtant is the product of frigh = [V ubl/[V collnigh and the ratio
M o/MRgg so from (2.25.8) and (2.25.9) we have

Fresutent = [| Vao |/ [ Vo [Inign [1— A (A + d B)]*2. (2.25.10)
For the high q2 ranges (oo = A) we have d = oo so from (2.25.6) and (2.25.10) we have
fresuitanthigh = 0.090051 . exp. 0.095(8) (2.25.11)
For the low q2 ranges (A + B > A) wehaved = 1 so from (2.25.10) we have

fresutantion =0.05825 . exp. 0.061(4) (2.25.12)

It is consistent with experimental data[10].
The mass of the b quark relates to the d = 4 state so for such ranges (A +
4B > A) from (2.25.10) we have

The LHCb measurement using the baryons decays of A% gives the ratio |V y|/|V | =
0.079 £+ 0.006 [107, [11].

The CKM matrix is for the baryons, for example, we can use it to describe decays of the
hyperons. Decays of kaons and pions can give values that differ from the values in the SST
CKM-matrix.

2.26. Larger structures

The saturation of interactions via the SST Higgs field and the four-particle symmetry lead
to the larger structures.

For the single objects such as, for example, fermions, and for the binary systems, as for
example, the neutrino-antineutrino pairs or binary systems of massive gaaxies, there are

obligatory following formulae for number of constituents, N, in bigger composite structures
N =49 (for single objects) (2.26.1)
N=2.4° (for binary systems) , (2.26.2)

whered = 1, 2, 4, 8, 16, 32 are the Titius-Bode numbers. Such structures follow from the
guantum entanglement, i.e. they result from the exchanges of the superluminal entanglons.
We can see that simplest composite objects can contain 4 or 8 constituents.

It is easy to calculate that from energy equal to the rest mass of a nucleon can be produced
at the very most six neutral pions. The simplest neutral pion consists of four rotating and
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spinning in two loops neutrinos (two gluon loops). We showed as well that each nucleon has
two different mass states. Moreover, the spin-1 gluon loops behave in the nuclear strong fields
asthe spin-1/2 electrons in atoms. These remarks lead to following formula for upper limit for
number of neutrinos in a neutral pion

N masimum = 2 - 4%, (2.26.3)

2.27. The ultimate equation

We can write the ultimate equation which ties the properties of the pieces of space, i.e.
tachyons, with the al masses/sources responsible for the al types of interactions.

The ultimate equation looks as follows

A mepe/ (31 = (2 My / B)? (2 Muarine/ Pad™ (Mepare! 2) € (X* 1 HHY? . (2.27.1)

The 47/3 on the |€eft side of the ultimate equation shows that the tachyons are the balls. The
mean mass of tachyons is the mean mass of the source of the fundamental interaction that
follows from the direct collisions of tachyons and their viscosity which results from
smoothness of their surface. The py is the mass density of the pieces of space, i.e. of the
tachyons (it is not the inertial mass density of the Higgs field). The n is the dynamic viscosity
of the pieces of space, i.e. of the tachyons.

The two masses of the closed strings (i.e. the entanglon — its total spin is H) on the right
side of the ultimate equation are the carriers of the quantum entanglement. The two masses of
neutrinos, i.e. the neutrino-antineutrino pair, are the source of the gravitational field, of the
directional gquantum entanglement and of the volumetric and circular confinement. The mass
of single lightest neutrino is the smallest gravitational mass defined by the gravitational
constant G. In the equation, the smallest gravitational mass is multiplied by 2 that points that
the non-rotating-spin neutrino-antineutrino pairs are the components of the ground state of the
SST absolute spacetime (the pas in the denominator is the mass density of the SST-As). The
half of the mass of the bare electron is the mass of the electric charge i.e. of the mass of the
source of the electromagnetic interaction, but it is also mass of the central condensate of the
electron, which is responsible for the weak interactions of the electrons. The C is the speed of
photons and gluons. The X* isthe mass of the torus/el ectric-charge inside the core of baryons
in which the FGLs arise — they are responsible for the nuclear strong interactions inside
baryons. The H* is the mass of the charged core of baryons which is equal to H* = X* + Y
— AEcqre, Wherethe Y isthe source of the nuclear weak interactions of the baryons.

The left and right side of the ultimate equation is 6.97611653279696-10° kg g/m?

2.28. Turning pointsin the formulation of the Scale-Symmetric Theory
In 1976, | noticed that the following formula describes how to calculate the mass of a
hyperon

m[MeVv] =939 + 176 n+ 26 (d— 1) , (2.28.1)

wheren=0, 1, 2, 3 andd = 1, 2, 4, 8 are the Titius-Bode numbers.
For anucleonitisn = 0 and d = 1 which gives 939 MeV. For hyperon Aisn=1andd
= 1 which gives 1115 MeV. For hyperons X ish = 1 and d = 4 which gives 1193 MeV.
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For hyperons Z ish = 2 and d = 2 which gives 1317 MeV. For hyperon Qisn=3and d

= 8 which gives 1649 MeV.
| dso noticed that the mass distances between the resonances and mass distances between

the resonances and hyperons is approximately 200 MeV, 300 Mev, 400 MeV, and 700
MeV.

In 1985, | grasped that in order to obtain positive theoretical results for hadrons, we should
assume that outside the core of a nucleon is in force the Titius-Bode law for nuclear strong
interactions. On orbits are relativistic pions.

The year 1997 was the most productive for me because | described the phase transitions of
the SST Higgs field. In this eventful year, | practically formulated new particle physics and
new cosmology.

2.29. Summary

Both quantum mechanics and general relativity are highly incomplete theories due to the
internal structure and interactions of fundamental particles and larger systems.

Moreover, these theories are partially based on incorrect initial conditions. Namely, the
speed of light C is invariant only in relation to the object with which the photons are
entangled, while the concept of many worlds is erroneous due to the superlumina quantum
entanglement.

The SST absolute spacetime consists of the neutrino-antineutrino pairs. The
electromagnetic, weak and strong interactions are directly associated with excitations of the
SST-As. On the other hand, the neutrinos produce gradients/gravitationa-fields in the
superluminal SST Higgs field. From (2.1.26) follows that the constants of interactions G; are

directly proportional to densities of fields so the gravitational constant G is tens of orders of
magnitude lower than the constants of interactions for electromagnetic, weak and strong
interactions. Moreover, properties of the SST-As and SST-Hf are very different so unification
of the four mentioned interactions within the same methods is impossible. We also emphasize
that the waves wrongly called “gravitational waves’ in mainstream physics are actualy flows
in the SST absolute spacetime.

The ratio of the superluminal energy of the entanglons frozen inside each neutrino in the
SST-As spacetime to gravitational energy of the neutrino is ~0.6-10™° (see (2.5.3)). On the
other hand, quantum mechanics predicts that the zero-point energy from virtual particles (the
summation of energies of the virtual photons stops at the Planck length) is some 120 powers
of ten more than the measured value of the zero-point energy (the dark energy). We can see
that the considerations in quantum mechanics are not based on facts. SST shows that,
generally, the zero-point energy is frozen in neutrinos — there is not a tremendous energy
associated with virtual photons unless we will call the entanglons the dark photons. Just
during interactions, due to the quantum entanglement and/or confinement, there are created
virtual particles but their total energy is infinitesimal in comparison with the superluminal
energy frozen inside the neutrinos. Practically the “zero-energy” field is very cold for an
observer.

Within the Scale-Symmetric Theory we predict existence of new scalar boson and/or vector
boson with amass of 17.12 — 17.17 TeV that results from structure of the core of baryons
and density of the SST absolute spacetime (see Section 2.16).
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2.30. Tables

Table 5 Theoretical results

Physical quantity

Theoretical value*

Gravitationa constant G

6.6742978 E-11 m’/(kg <°)

Unitary spin 1.05457181764623 E-34 Js
Planck constant 6.62607015000 E-34 Js
Speed of light 2.99792458000 E+8 m/s
F (kg €> MeV) 1.78266192162742 E-30
Mass of electron (the SST model — Section 2.6) 0.510998945997556 MeV
Fine-structure constant for low energies 1/137.035999085012
Mass of bound neutral pion 134.966086355861 MeV
Mass of charged pion 139.570316606192 MeV
Mass of free neutral pion 134.976874046895 MeV
Mass distance ©° — 1° 4.5934426 MeV

Radius of closed string 0.9442405262 E-45 m
Linear speed of closed string 0.7269252749 E+68 m/s

Mass of closed string

2.3400788198 E-87 kg

External radius of neutrino

1.1184555774965 E-35 m

Mass of core of Protoworld and superluminal energy
frozen inside lightest neutrino

1.9607600885 E+52 kg

External radius of core of Protoworld

286.66351 E+6 light-years

Baryonic mass of the Universe 3.6379137 E+51 kg
Radius of the early Universe loop 191.10901 E+6 light-years
External radius of torus of nucleon 0.6974425321 fm
Constant K 0.7896685548 E+10
Mass of FGL 67.544413 MeV
Mass of torus of core of baryons 318.295548 MeV
Mass of condensate of the nucleon 424.121763 MeV
Radius of the weak condensate of the proton 8.711018109 E-18 m
Binding energy of core of baryons 14.97808631 MeV
Mass of charged core of baryons 727.43922455 MeV
Ratio of mass of the core of baryons to mass of FGL 10.769791177176
Dark-matter/baryonic-matter ratio = H* / n°sound 5.389792682

Mass of muon 105.658379634 MeV
A/B in the Titius-Bode law for strong interactions 1.3897833266

Mass of proton 038.27208211 MeV
Mass of free neutron 939.565390 MeV
Proton magnetic moment in nuclear magneton +2.7928505

Neutron magnetic moment in nuclear magneton -1.9130438

*E-15=10
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Table 6 Theoretical results

Physical quantity

Theoretical value

Radius of last tunnel for strong interactions 2.704784 fm
Mean sguare charge for nucleon 0.29
Mean sguare charge for proton 0.25
Mean sguare charge for neutron 0.33

Mass of the dark-matter loop

2.07958183 E-47 kg
116655995 E-11 eV

Mass of the dark-matter torus 727.43922455 MeV

External radius of torus of electron 386.60708142 fm

Radius of weak condensate of electron 0.7354180540238 E-18 m

Wesk constant 1.0355016 E+27 m’/(kg )

Electromagnetic constant for electrons 2.78025230261 E+32
m/(kg &)

Magnetic constant i,

4x (1.000000000538) E-7

Electric constant ¢,

8.85418781285662 E-12

Coupling constant for weak interactions of the proton

0.018722895102

Coupling constant for el ectron-proton weak interaction

1.11944624655745 E-5

Coupling constant for electron-muon weak interaction

0.951118188679747 E-6

Coupling constant for strong-weak interactions inside d=0: 0.993813
the baryons d=1: 0.762596
d=2: 0.640306
d=4: 0.507794
M+g responsible for creation of the TB orbits 750.295768 MeV
Ratio of the hidden energy to mass of the neutrino 0.59 E+119

Range of volumetric confinement

3510 18070 rneutri no

Range of circular confinement

348290192 rneutrino

Electron radius of proton 0.8770123 fm
Muon radius of proton 0.840391 fm
Mass of tauon 1776.67688 MeV

Table 7 Lifetimes

Physical quantity Theoretical value

*p Stable

*n 876.33 s

* n (beam) 888.80 s

0t 2.194935E-6 s

* tauon 2.6972 E-13s

* 2797 E-8s

* q° 0.793 E-16 s

* hyperons (mean) 1.115021 E-10 s

*H 199E-25s

* W* 3.10E-25s

* 7 273E-25s
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Table 8 Values of the G;

I nteraction Relative value of the G;
Strong 1 (for Gs=5.45651-10”° m’s’kg™)
Weak 1.9-10°°

Electromagnetic interaction of electrons

5.1.10° (it is not amistake)

Gravitational

1.2.10%

XXXXKXXHXXXXXXKXXKX XXXXXXX
Coupling constant for strong interactions | 1
inside baryons and mesons at low energy
Coupling constant for strong interactions | 14.391187
of nucleons at low energy
Table 9 New electroweak theory
Physical quantity Theoretical value
Electron magnetic moment in the Bohr magneton 1.0011596521793
Muon magnetic moment in the muon magneton 1.0011659204067
Lamb-Retherford Shift 1057.8396 MHz
1058.0742 MHz
Table 10 Mesons
Physical quantity Theoretical value
Mass
* H Higgs boson 125.006 GeV
* W* 80.37948 GeV and
80.43105 MeV
* 7" 91.18936 GeV
* K* 493.708 MeV
* K° 497.648 MeV
Ratio of lifetimes K " K° | 527
* Y (1S) 9464.92 MeV
*1 549.20 MeV
* 1’ (958) 954.22 MeV
Predicted particle 17.12-17.17TeV
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Table 11 Hyperons and 4 resonance

Particle Theoretical value Theoretical value
Mass J P S

Hyperon A 1115.3 MeV 1/2 +1* | -1
Hyperon =* 1189.6 MeV 1/2 +1] -1
Hyperon =° 1190.9 MeV 1/2 +1| -1
Hyperon X 1196.9 MeV 1/2 +1| -1
Hyperon =° 1316.2 MeV 1/2 +1| =2
Hyperon = 1322.2 MeV 1/2 +1| 2
Hyperon (O 1674.4 MeV 3/2 +1| -3
Resonance A(1232) 1232.8 MeV 3/2 +1

* Assumed positive parity

Table 12 Masses of quarks

Physical quantity | Theoretical value
Up 2.23 MeV

Down 4.89 MeV

Strange 87.86 MeV
Charm 1267 MeV
Bottom 4190.33 MeV

Top 171.9 GeV

Table 13 PMNS matrix and CKM matrix

Physical quantity Theoretical value
PMNS Ay, [°] 33.0616

PMNS A3 [°] 8.2654

PMNS A3 [°] 41.3270

PMNS phase shift & [] 180

CKM A [°] 13.165

CKM A3 [°] 0.212207

CKM A [°] 2.3572

CKM phase shift § [°] 0

There are many other important theoretical results.
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Chapter 3

Cosmology

3.1. Introduction to the SST cosmology and abundances of baryonic matter (BM),

dark matter (DM) and dark energy (DE)

In Chapter 2 we showed that the two-component spacetime (i.e. the SST Higgs field (SST-
Hf) and the SST absolute spacetime (SST-AS)) leads to a very simple and accurate description
of particles. Properties of the two components are very different so unification of GR
(gravitationa fields are the gradients in the SST-Hf produced by neutrinos) and QM (we
showed that the electrically charged leptons, the photons, gluons and hadrons are the excited
states of the SST-As) within the same methods is impossible.

We showed also that the gravitational constant G is directly proportional to density of the
SST-Hf. If both components of spacetime were free to expand, due to the enormous speed of

the SST tachyons, the value of the G would change rapidly. The conclusion is simple, namely
dark energy can expand while our two-component spacetime should be infinite or should have
asolid boundary.

But endless and symmetrical spacetime does not lead to the observed matter-antimatter
asymmetry. So we assume that our inner Cosmos is the result of a collison of an
asymmetric inflation field (i.e. with the left-handed external helicity) with a much larger
cosmological object —this has led to the creation of the asymmetric inner Cosmos inside
this larger cosmological object. In the next Section, we calculated the radius of the inner
Cosmos and we showed why it has a spherical symmetry.

Mainstream cosmology based on general relativity also has a big problem with the
recession velocities V/C (more precisely we should call it the relative recession velocities) of

galaxies in relation to their observed redshift z. When we neglect the peculiar velocity which
is sensitive to the matter distribution, then the kinematic Doppler shift expression (KDSE)
obtained within the Special Theory of Relativity (SR) for a motion in the line of sight looks as
follows[1]

vic=(Z+22)(Z+2z+2). (3.1.1)

Intuition tells us that for the observed redshift of Z = 1, the recession velocity should be 1
and this should be the maximum recession velocity in the Cosmos with a solid boundary. But
in the distant Universe we see galaxies with Z > 1. Why? Why from formula (3.1.1), for z =
lisv/ic=0.6?

In SST there are galaxies with V > C because at the beginning of the expansion of the
Universe, the very high dynamic pressure and superfluidity of the SST absolute spacetime
have contributed to the formation of superluminal protuberances in the SST-As, which
accelerated the protogalaxies to superluminal speeds. We can observe today such
protogalaxies because the superlumina protuberances were damped so their today recession
velocities are below 1. The speed C is the speed of photons in relation to the object with
which they are entangled so we can emphasize that we measure the redshift that directly
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follows from the speed of photons they had in relation to the Earth when they were emitted,
i.e. we measure Z > 1. It is the reason that GR incorrectly describes the expansion of the
Universe. A change in radial velocity of agalaxy in relation to the Earth (for example, due to
the reduction in superluminal speed relative to the Earth) causes the same change in velocities
of photons entangled with such galaxy but the measured redshift is invariant, i.e. it does not
depend on the change. Moreover, we will show that when we neglect the initial protuberances
in the expanding Universe then the recession velocity on the surface/front of the expanding
baryonic matter is Virongm/C= 0.6469, i.e. it is close to the v/c = 0.6 we obtain from
(3.1.2).

Presented here cosmology is based on the assumption that the cosmological inflation was
separated in time from the expansion of our Universe which isimmersed in the inner Cosmos.
The gravitationa interaction and phase transitions described in Chapter 2 make our Universe
cyclical and in the stage of its highest average density it is similar to the neutron, so we can
use the calculations that concern it. We showed that the core of the Protoworld (the
cosmological torus with central condensate) was composed of the entangled dark-matter
(DM) tori. The baryonic part of the Universe appeared on the circular axis of the
cosmological torus as the two cosmological loops composed of protogal axies each built of the
neutron black holes (NBHs) — it was like creating the bound neutra pion in the core of
baryons.

Initially, the Protoworld was the SST gravitationa black hole, i.e. on the equator of the
core of the Protoworld the spin speed was equal to C. The calculated mass of the DM-core of
the Protoworld is (see (2.1.24))

H* protoworidpom = 1.96076:10% kg . (3.1.2)
Baryonic mass of the Universe relates to the mass of the bound neutral pion
Mawm = H' protoworidpm T-pound / H = 0.363791-10% kg . (3.1.3)
Theratio of the dark matter to baryonic matter, Npm/gwm, is
Nomem = H protoworia,om / Mem = 5.38979. (31.4)

the entangled photons and neutrinos with a total mass equal to

W(—),dzl,ProtoworId = H+Protowor|d,DM VV(—),dzll H+ - 05815671052 kg . (3-1-5)
The total mass of the Protoworld was
M protoworld = H+Protoworld,DM + W(—),le,ProtoworId = 2.54233-10 kg. (3.1.6)
At the end of the SST inflation, some part of the dark-energy segments transformed into the
DM-tori and DM-loops.
The Protoworld created virtua field, i.e. there was the positive mass of the virtual particle-

antiparticle pairs which was two times higher than the mass of the Protoworld (see Section
1.4) and there was the negative mass of the virtual holes created in the SST-As. The virtua
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particles were emitted — their collisions with the DE segments created a gradient in the DE
field (the cross sections of the DE segments are much higher than the SST-As components so
mainly number density of the DE segments decreased). We see that lowering the zero-point of
the zero-energy field, due to such collisions, related to about two masses of the Protoworld
and such amass of dark energy initially has been pushed out of the Protoworld.

In Chapter 2, we showed that the superluminal energy frozen inside the lightest
neutrino is equal to the mass of the core of the Protoworld so a new lightest neutrino
created in the Protoworld stole entanglons exchanged among other entangled particles,
so the Protoworld decayed and the inflows of dark-matter loops and dark energy
(scattering of the DE segments was much lower than the SST-As components) into the
baryonic part of the very early Universe forced the exit of the Univer se from the black-
hole state. From that moment on, we count the age of the Univer se.

The decay of the Universe caused the dark energy with a mass twice that of the Protoworld
to flow into itsinterior

MbEe = 2 M protoworld = 5.08466-10°% kg . (3.1.7)

Now we can calculate the abundances of matter and energy just before the expansion of the
Universe

BM : DM : (photons+ neutrinos) =

=Msgm : H+Protowor|d,DM : W(,d=1,protoworld =
=12.52% : 67.47% : 20.01% , (3.1.8)
and the abundance today
BM : DM : DE=
=Mswm : Hpotowortdom :© Mpe =

=4.91% : 26.46% : 68.63% . (3.1.9)

3.2. Inflation, universes and radius of theinner Cosmos (i.e. of the SST absolute

spacetime)

During the SST inflation, due to the creations of entanglons (we described it by using the
classica thermodynamics), due to the saturation symmetry, invariant surface-density
symmetry, and the adoption symmetry, the inflation field transformed into the SST spacetime
— such processes are described in Chapter 2. The inertia of the expanding in a superluminal
way SST-As caused that after a very short period, on the surface of the expanding SST-As,
the gravitational pressure inserted on a single neutrino had become higher than the dynamic
pressure that was the cause of the expansion of the transforming inflation field. Compressive
forces acting on the outer layer of the SST-As created a stable boundary of the inner-
Cosmos/SST-As with spherical symmetry — it is placed inside the bigger cosmological object
so there are two boundaries. Moreover, this compression produced a shockwave in which
baryons and antibaryons, dark energy and dark matter were produced. The initia inflation
field had a left-handed external helicity which was converted to the left-handed internal
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helicity of the tori/electric-charges in the cores of baryons — notice that the tori/electric-
charges in antibaryons have right-handed interna helicity. Left-handedness led to the matter-
antimatter asymmetry. Why did this asymmetry not appear in the production of neutrinos
during the inflation? The reason was the enormous energy frozen inside the neutrinos, which
made it impossible to break the symmetry.

The baryonic shockwave, which was moving towards the centre of the inner Cosmos,

produced universes with spin speed equal to C on their equators, so they are closed
univer ses, but matter and energy can move within them.

We can calculate radius of the SST absolute spacetime from the condition that gravitational
pressure inserted on a single neutrino on surface of the spacetime cannot be higher than the
dynamic pressure inside it.

The effective radius of a single lightest neutrino is Ly+as = 3510.180704 Ieutrino (see
(2.9.1)). The gravitational force acts on area that is the cross-section so the gravitational

pressure, Pgr, is (we neglect the baryonic mass of the inner Cosmos in comparison with the
mass of the SST-AS)

Par = Fy/ Sutr = (G Mcosmos Mieutrino / Recosmos) / (1 Livsas’) =
=4 G 7 pas Roosmos Meutrino / (3 T Ly+asd) . (32.1)
On the other hand, the dynamic pressure of the SST-AS, Pgyn-as IS
Payn-as = PasC/ 2. (32.2)
From equality of the pressures we obtain

Total mass of the SST-As in the inner Cosmos is

M cosmos= 4 T pas RCosmoss / 3=5.870-10"° kg. (3.24)

We can as well calculate the initial radius of the inflation field (i.e. of the field in which the

tachyons were packed to maximum), Rinitia, from which the SST spacetime was created
(notice that in reality the radius was much bigger because there was created aso the
boundary)

Rinitia = {3 Mcosnos / (4 T p)}* = 1.19-10" m . (3.2.5)
Thisradius is close to the radius of the orbit of the Venus.

3.3. Neutron black holes (NBHS)

We claim that the baryonic part of the Universe was created on the circular axis in the core
of the Protoworld — there were two loops (it was an analog to the two gluon loops in neutral
pion) composed of protogalaxies already grouped in bigger structures each composed of the
NBHs — it causes that we need a theory of NBHSs.

We claim that besides a very thin iron crust and very thin layer of nuclear plasma on surface
of each neutron star (which we neglect in our calculations), the neutron lattice is composed of
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cubes with neutrons in their vertices (see Fig.12). Such neutron lattice is the very stable object
because of the strong interactions also between pairs of neutrons located at the ends of
diagonals of the side walls of the cubes. The length of the diagonals is equal to the effective

range, Reft ns, Of the neutron matter which in SST is equal to the radius of the last TB orbit for
the nuclear strong interactions

Retns = A + 4 B = 2.704784 fm . (33.1)

This vaue is consistent with the mainstream value (~2.7 fm) [2] but due to the distribution

of the neutrons, we get a different density of neutron matter pys. Our value, contrary to the
mainstream values, is invariant

pns= NF/ (Rains/ 2Y2)° = 2.39411-10" kg/m?, (3.3.2)

where N = 939.5654 M eV isthe SST mass of neutron.

Why is the effective range Re ns equal to the length of the diagonal and not of the side of
the cubes and why is it equa to the radius of the last orbit for the strong interactions of
baryons? For diagonas smaller than ~2.7 fm (there can be ~1.7 fm, ~1.2 fm, or ~0.7 fm), the
tori in the cores of baryons, which due to the very strong short-distance quantum entanglement
cannot be destroyed (the half-integral spin and electric charge of such tori are conserved),
partialy overlap, which, because of the very high surface density of the tori, is forbidden. On
the other hand, a cube with the side equal to Rt ns is not inits ground state.

celtres
of neutrons

T

— Rff g =2.70478 fi

Fig.12. Effective range in neutron black hole.

The upper limit for mass, M ns ypper, and radius, Rns,upper, Of neutron stars (NSs) we obtain

from the boundary condition that spin speed on equator of NS should be equal to C. We have
two equations

Rnsupper = G M s upper / (3.3.3)
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M NS,upper — PNS 4n RNS,upper3 /3, (3.34)

which lead to following values

Mnsupper = 24.81 solar masses. (3.3.6)

Such a biggest neutron star we call “the neutron black hole (NBH)” because its equatorial
spin speed is equal to C.

The binding energy of neutrons in neutron stars that follows from the nuclear strong
interactions, due to the very short time of interactions (~107% s), is frozen inside the neutron
star so there is no need to take it into account in calculations of NS mass.

But why can we also neglect the gravitationa potential binding energy?

For example, let's calculate the gravitational potential binding energy of a neutron, AEq,
located at the surface of the neutron black hole

This value suggests that such neutron behaves as a virtual neutron because the sum of its
mass and binding energy is equal to zero. So, do we really have to consider the change in mass
due to gravitational interaction? Well, no, and this is due to phenomena occurring in the SST
absol ute spacetime.

When a star collapses into a neutron star or neutron stars collide, potential gravitational
energy must be emitted, and this is due to the divergent flows in the SST-As, which the
external observer observes as ripples in the SST-As. But due to the tremendous dynamic
pressure in SST-As (~5-10* Pa), a reverse flow occurs that restores the initial state of local
SST-As. Thus, it isthe dynamic pressure in SST-As that means that we do not have to take into
account the gravitational potential binding energy in the calculations of the mass of a neutron
Star.

We can say that neutrons in NBHs exchange virtual quanta composed of the SST-As
components which are a part of the zero-energy field.

The colliding NSs with atotal mass less or equal to 24.81 solar masses can merge into single
neutron star, while NBHs cannot.

More massive black holes (BHs) consist of the NBHs and NSs.

The surface density of the torus in the core of baryons is about 300,000 times higher than in
the SST-As — it causes that the moving cores try to drag the absolute spacetime. As a result
the angular velocities of the NBH and of the SST-As inside NBH are the same so the NBH
has always spherical symmetry and has not arelativistic mass resulting from its rotation.

3.4. Thelarge-scale structure of the very early Universe
In Section 2.26, we showed that the four-object symmetry that follows from the
superluminal quantum entanglement leads to following number of NBHs in groups of them or

number of protogalaxies in larger structures; N = 4% for single objects, and N = 249 for
binary systems, whered = 1, 2, 4, 8, 16, 32 are the Titius-Bode numbers. We showed also
that the upper limit for N is Nmaximum = 2 - 4%,

Consider the binary systems of NBHs or protogalaxies. We have

N=2. 4% (3.4.1)
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whered =0, 1, 2, 4, 8, 16 isfor a flattened spheroid-like structures, and d = 3, 6, 12 for a
chain-like structures.

The cosmic structures composed of the binary systems of protogal axies we will refer to as
follows:

isfor abinary system,
isfor group,

is for supergroup,
isfor cluster,

is for supercluster,

6 isfor megacluster (the baryonic part of the Universe was the binary system
of megaclusters composed of the binary systems of protogalaxies),

isfor chain,
isfor superchain,
=12 isfor megachain. (3.4.2)
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We can use formulae (3.4.1) and (3.3.6) to test the SST cosmology. Maximum number of
NBHSs in one cosmological loop can be 2.4% put the baryonic part of the early Universe was
composed of two such loops so the total number of NBHs was 4% We can calculate mass of
the two loops

M baryonic = 4% I\/INS,upper = 0.3640-10* kg. (3.4.3)
Thisresult is consistent with (3.1.3).

3.5. Thecorrect age of the Universe, Hubble constants and CM B

Initially, the baryonic matter consisted of the neutrons placed in the NBHs but due to the
decay of the Protoworld and the inflows of the dark matter and dark energy, it transformed
into nuclear plasma. The most abundant ions were the hydrogen and helium-4 ions. It is very
reasonable to assume that initialy there was the equivalence in number density of nucleonsin
the two different ions.

When mean distance between the nucleons in baryonic plasma increased to the size of bare

electrons, i.e. to 2kc pare (from the Wien's displacement law follows that then temperature of
the plasma was 3.74810° K), there appeared gas containing 50% of ionized hydrogen and
50% of ionized helium-4 by number of nucleons, i.e. there was 75% of the protons and

25% of the neutrons. The mean binding energy of nucleon in helium-4 is 7.075 MeV [3].
On the other hand, from the 2018 CODATA central mass of the alpha particle and the PDG

central masses of proton and neutron we obtain 7.0739 MeV. This value is also calculated
within SST — our value is 7.0746 MeV (see Section C2). Here we assume that it is 7.075
MeV. The released energy per each initial neutron was

Lo=0.75" (N—p—me) + 0.5 7.075MeV = 4.125 MeV . (35.1)

It leads to the CMB —the front of it was expanding with the radia speed equal to C.
The energy of the CMB is
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Ecve = Mgy Loc?/ n=1.43510%7 . (35.2)

We know that today the density of the energy of the CMB is equa to pcvws =
4.175(4) 10 3/m? [4]. By applying the following formula

4r RCM83/ 3=Ecus/ PcmB (3.5.3

we can calculate the radius of the sphere filled with CMB
Rewe = 2.017:10% m, i.e. 21.32(1) Gly . (3.5.4)

The front of CMB has the recession velocity equal to 1 so the correct age of the
Universeis 21.32 Gyr, not the 13.8 Gyr! Thismeansthat the today spatial distance to the
CMB front is 21.32 Gyr.

In SST, due to the definition of the speed C, there are two different values of the Hubble

constant, i.e. the spatial Hubble constant, Ho spaia, and the time Hubble constant Hg time
which depends on the time distance to the front of the baryonic matter.
The value from formula (3.5.4) leads to the spatial Hubble constant

Hospaial = €/ Reme = 45.86 (km/s)/Mpc . (3.5.5)

To calculate the time Hubble constant notice that the Protoworld looked similar to the
H+W(_),d:1 state of the neutron. The spin speed on the d = 1 TB orbit is Vgping=1 = 0.7626C
so the radia speeds, V 4, of gluon/photon loops created on such orbit is

Viad = (% = Vepinae1?) Y2 = 0.6469c . (3.5.6)

Such photon/gluon loops interacted with the baryonic matter so we can assume that the
recession velocity of the front of the baryonic matter also is equal to 0.6469. This means that
the time distance, Liimegm, to the baryonic front is

Ltimeem = Vrad Roms / € = 13.79(1) Gyr . (3.5.7)
From it we obtain the mean value of the time Hubble constant
Ho.timemean = €/ Ltimesm = 70.90 (km/s)/Mpc . (35.8)
Th(;edshifts higher than z > 0.6469 are from the protuberances which with time were
damped.

After the collapse of the Protoworld and the inflow of dark energy, the Universe
transformed into an expanding cosmological ball filled with dark energy, dark matter,

baryonic matter, neutrinos, photons and photon loops. Total massenergy, Mtota, Of it was
(see formulae (3.1.3), (3.1.6) and (3.1.7))

Mota = Mam + Mprotoworid ¥ Mpe = 079911053 kg . (3.5.9)
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Volume of the CMB is
Vemvg=4mn RCM83 /3= 34371079 m3. (3.5.10)

Today practically whole Mg is inside a sphere with a spatial radius of 13.79 Gly so its
total volumeis

It means that the today critical density, pg, is
Pe = Mrota / VMater-Energy = 8.5888:107° kg/m?® . (3.5.12)

In the mainstream cosmology, the Hg is Hubble's constant that corresponds to the Hubble
parameter, H, which is time dependent. From Friedmann equations for A = k = 0 we have

pc=3H?/ (8 © G) = 1.879-10%° h® kg/m?, (3.5.13)

where h = Hy / [100 (km/s)/Mpc].
From (3.5.12) and (3.5.13) is

Ho, = 67.6 (km/s)/Mpc. (3.5.14)

Why there is a difference between (3.5.8) (the mean value is 70.9) and (3.5.14) (there is
67.6)? Energy density of photons in the initial cosmological ball was higher in its central parts
and lower close to surface of it, i.e. pressure exerted by photons was higher in central parts.
There some radial protuberances of the clusters of protogalaxies appeared to equalize the
pressure in the initial cosmologica ball. It caused the number density of the clusters in the
centre to be dlightly lower than at the surface of the ball. According to the SST, the Milky
Way Gaaxy should be near the centre of the expanding Universe, so the lower number
density of clusters of galaxies is for the local Universe and the higher number density for the
distant (earlier) Universe. The inner protuberances have made the Hubble constant for the
local Universe higher, but that does not mean that the expansion of the Universe is
accel erating — the mean time Hubble constant is 70.9 (km/s)/M pc.

We can roughly estimate the change of the Hubble parameter, AH, assuming that helium-4
(the binding energy per nucleon is AEgindingn = 7.07 MeV) was created mainly in the
central parts of the initial cosmological ball and that the squared relative change of the Hubble
parameter is directly proportional to the excess energy density of the photons (H ~ v ~ E*?)

AH / Ho= {AEgingingn / 939 [MeV]} 2 = 0.0868 . (3.5.15)

From (3.5.8) and (3.5.15) we have (the observationa dataarein[12])
H=70.9 = 3.1 (km/s)/Mpc. (3.5.16)
Emphasize that when we neglect the short period (in the cosmological scale) of the inner

protuberances then in the SST cosmology, the Hubble' s parameter H depends on position in
the Universe but it practically does not depend on time.



Density of baryonic matter is
pem = Mam / Vmater-Energy = 0.391-107 kg/m® . (35.17)

The time distance between the true age of the Universe and the time distance to the most
distant visible Universe is the period of evolution of protogal axies which we cannot see

The most distant massive galaxies are aready 7.53 Gyr old. We should not observe a
“smooth field” of the dwarf galaxies as the first stage of the galaxies. Moreover, the Dark
Ages are ascientific fiction.

We can see the CM B because the photons wer e scattered on the electron vortices with
different recession velocities. Such vortices were produced in the very early Universe.

In paper [5] we can find a recapitulation concerning the ages of stars. There are cited the

results obtained by Ludwig et al. (2009) [6]. Ludwig et al. derived solar ages from 1.7 to
22.3 Gyr.

Initially number of the entangled SST-As components in the gluon/photon loops created in
protons was 2.4% (we call such objects the supergluons or superphotons). Similar asit was in
the baryonic cosmological loops (in each of them there were 2.4 protogalaxies), the
supergluons or superphotons are built of 2.4 photon “galaxies’ (photons) so number of the
photons is about 24" = 0.86-10" times higher. On the assumption that each proton
produced one supergluon we obtain the number of the photon galaxies in CMB (initially the
abundance of protons was 0.75)

Nems photons = 2-4™° - 0.75 Mgy / (n F) = 1.3993-10% . (35.19)
Number density of the photon galaxiesin CMB from supergluonsis

PcmB-photons = Nemb-photons / Vems = 407.1 per cubic centimetre. (3.5.20)

Outside the strong fields of baryons, the photon galaxies in the superphotons interacted
electromagnetically not only with the bare electrons but also with their radiation masses so
number of photon galaxies (photons) in CMB increased to

P*CI\/I B-photons = PCMB-photons (1 + ae)(as + OLem) [ as=

= 410.6 per cubic centimetre. (3.5.21)

3.6. Theorigin of CM B power spectrum

The temperature anisotropy in CMB follows from the atom-like structure of baryons which
was excited by the inflows of the DM loops and by collisions of the NBHSs.

Due to the decay of the Protoworld, there were three succeeding inflows of DM into the
baryonic matter (Fig.13).

The weak interactions of the virtual electron-positron pairs in presence of DM lead to the
present-day mean anisotropy power, Ta,mean2
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where Tyniverse = 2. 726 K isthe present-day temperature of the Universe [7], [11].
Initially, the baryonic matter consisted of the neutron black holes which are the cold
objects, so there dominated the nuclear strong interactions at low energy. Initialy, the inflow

of DM was not intensive so the protons and neutrons interacted due to the exchanged
fundamental gluon loops between pions in the d = 1 state. The coupling constant was ols =
o™k = 1 (see formula (2.4.30)) and the created virtual gluon loops had the radius equal to

(A + B). Next there were the intensive inflows of the DM loops and creations of the alpha
particles. Coupling constant for strongly interacting protons, at low energies (as it is in the

atomic nuclei), is o™ = 14.391187 (see formula (2.4.31)) whereas for strongly
interacting neutrons is o5 = 14.410338. To the alpha particle, we can apply the mean
vaue as " = 14.40076.

== (lark matter axis of rotation
== harvonic matter 1 second
— directions of motion inflow

first
o] 9_\L

thard
mflow

Fig.13. Cross-section of the DM -torus and two harvonic
loops in plane of the rotation axis. We show the mitial
directions of motion of the dark matter.

Lifetimes are inversely proportional to coupling constants (see (1.4.29)) so we can divide

the angular scale (0° — 90°) into two parts one related to the o (we denote it by A@rgL) and

the second one related to the ocSNN’“ (we denote it by A@,)

Agra = 90° o ™/ (0 + 0) = 84.2%1.e ¢ from90° 10 5.8°.  (3.6.2)
The definition which ties angular scale with multipole momentum, |, looks as follows
| =180°/ ¢, (3.6.3)
so the SST plateau in CMB is from |y peginning = 2 t0
| piena = 180°/5.8° = 31 . (3.6.4)

We see that the SST plateau occupies amost whole angular scale so anisotropy power for
the plateau should be only alittle lower than the mean value. There is the largest triangle-like
figure in Fig.14 so an excess in anisotropy temperature above the mean value is (see (3.6.8))
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AT = {(5600% —931"%) / 2} (5.8°/90°) =~ 1.43 pK . (3.6.5)

Such a value we must subtract from the mean anisotropy temperature so for the plateau we
have

TpI2 = TA+82 = (TUniverse OL’W(e),DM - AT)Z ~(29 ”K)z ~ 840 HKZ . (3.6.6)

Emphasize that thisvalueisfor R = A + B.

Notice that similar results we obtain at high energies close to the rest mass of the Z° boson
(Q = Z° for the electromagnetic interactions (Qtemnigh = 1 / 127.5425 — see formula
(2.3.15)) and the strong-weak interactions (atsy,o=z = 0.11795 — see Table 1). It follows

from the fact that the ratio oLsy,g=z / Olemnigh = 15.0 isclose to theratio eV [ o = 14.4.
Value of the fine structure constant increases at high energies because of the increase in
surface density of the torus/electric charge in the core of baryons forced by the nuclear weak
interactions — in such processes, there locally increases the effective electric charge.

Radius of gluon/photonDIM loops
IT' 2473 A A A+B
A first == theoretical results .
) . . +
"j inflow == best fitting S
—_— of DAY
E 2500} &
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-
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0 ( \‘-'| —
o2 31 220 550 8§30 1110 1380 1720 2020
Multipole moment, |
Fig 14. Theoretical results for CIVIB power spectium from the atom-hke
stiucture of harvons for barvons interacting with darle-matter (D) loops.
Scales are not preserved.

It is easy to calculate the anisotropy powers for the FGL and the TB orbits because from the
Wien's displacement law (see (1.4.11)) results that temperature is inversely proportiona to a

peak radius Rpea Which here is equal to one of the TB radii and to the radius of FGL. The
curve should peak for following anisotropy powers
T2/ Ty?={(A + B)/ R}*. (36.7)
For the FGL isR = 2A/3 so we have

Teal” = T {(A + B) / (2 A/ 3)}?~ 5600 uK?. (3.6.8)
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It isfor the biggest peak that was created due to the first most intensive inflow of DM.
ForR=Ais

Tral” = TP {(A + B) / A}? = 2500 pK?. (3.6.9)

It is for the second and third peaks that were created due to the second and third less
intensive inflows of DM. All the time the loops created in the distinguished states were
scattered.

ForR=A+2Bis

Tasos” = T {(A +B)/ (A +2B)}*~ 420 pk?. (3.6.10)

ForR=A+4Bis

Tars" =T’ {(A+B)/(A+4B)}*~ 170 pk?. (3.6.11)

We can see that the fourth peak does not relate to any TB orbit. It follows from the fact that
for such a peak the energy was distributed among severa orbits. Consider the first four orbits

Rmean ={2A/3+ A+ (A +B)+ (A +2B)} /4=10157fm. (3.6.12)
For R = Ryemn is
Trmen = To” { (A + B) / Rpean} >~ 1200 pK? . (3.6.13)
During the scattering of loops from the d = O state (i.e. R = A) they first of all gather in
distances equal to the muon radius of proton (R, = 0.84039 fm (see formula (2.19.7))).
The anisotropy power for such distance is (it isaminimum)

Trow = T {(A +B) / Ry} = 1700 pK?. (3.6.14)

Calculate the increase in multipole moment per 1 MeV. Mass of the gluon loop inthe d =
O state (i.e. R = A) is S_g)g=0= 727 MeV —it relates to |5 = 550 while mass of the gluon
loop inthe d = 4 state (i.e. R = A + 4B) is Sy g4 = 187 MeV —it relates to | o458 =
2020 so we have

Famev = (2020 —550) / (727 — 187) = 2.72 Al/IMeV . (3.6.15)
Mass of the gluon loop in A + B is Si_g).d=1~ 422 MeV so we have
late = la+ag — (Spr—0).0=1 — S(+—0).d=4) Famev = 1380 . (3.6.16)
Mass of the gluon loop in A + 2B is Si1_g) ¢=2~ 298 MeV so we have

la+28 = latas — (S—o).d=2 — St—0).d=4) Faimev = 1720 (3.6.17)
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Notice also that we should not observe anisotropy power for | > |a+4g = 2020 because the
A+4B isthe last orbit — angular scale for the upper limit of | is

Pa+4B = 1800/ |A+4B =0.0891°. (3.6.18)

The same is for following angular scales: 0 < ¢ < (90°— @a+4g), SO We should have no
anisotropy power for following multipole moments:

for0<1<~2isT?=0. (3.6.19)
Our results are in very good agreement with observational data [8].

3.7. Initial evolution of the expanding Universe

The initial state of the baryonic part of the Universe was the two cosmological 1oops with a
radius Rcosmologica = 0.191109 Gly (the 2/3 of the equatorial radius of the core of the
Protoworld (see (2.1.25))) both built of the NBHs which were the components of the
protogalaxies. Collisions of the NBHs with DM and the mutual collisions of the NBHs caused
that initially protogalaxies were embedded in a low-temperature baryonic-plasma ring (the
NBHs are the cold objects). Such a ring, due to the nuclear strong interactions at low energy

(the coupling constant for such interactions is as = 1), had interacted with gluon loops that
overlapped with the cosmological loops. It caused that the spin speed of the cosmological loops
was close to C. So the period of rotation, T cosmological, Was

The tidal locking (or a mutual spin-orbit resonance) of the Moon and the Earth caused that
the rotation and revolution periods of the Moon are the same. Similar processes caused that the
period of rotation of protogalaxies (so of the present-day massive galaxies as well) was (and
still is) equal to the period of spinning of the two cosmological loops composed of the
protogalaxies. Our exact result 1.201 Gyr iscloseto the observational result ~1 Gyr [9].

Our Universe arose and developed as the double cosmic loop inside the torus of the core of
the Protoworld. The magnetic axes of the neutrons in the cosmic structures were tangent to
the double cosmic loop. Magnetic polarisation dominated because the neutrons are electrically
neutral. The cosmic structures in the expanding Universe were mostly moving in radial
directions. Due to the law of conservation of spin, the magnetic axes of the protogal axies
should be parallel or antiparalel to the direction of their acceleration. This means that there
were the ~90° turns of the magnetic axes of the protogal axies.

The dwarf galaxies appeared due to explosions of the protogal axies.

The definition of the speed C leads to conclusion that we cannot see the initial period 7.53
Gyr of the evolution of the protogalaxies. It causes that in the most distant visible Universe,
we should not see afield composed only of dwarf galaxies.

3.8. The standard ruler in cosmology
The radius of the d = 1 state in the Protoworld is (there were produced photon loops and
DM loops overlapping with this state)

Rruler-in-cosmology = Aprotoworld + Bprotoworld = 151.13 Mpc. (3.8.1)
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It causes that radius of baryonic loops interacting with such loops is the standard ruler in
cosmol ogy.

The analysis of the WMAP data (CMB) yielded 146.8 £ 1.8 M pc for the sound horizon at
the photon decoupling epoch and 153.3 + 2.0 M pc at the end of the baryon drag epoch [10].

3.9. Black body spectrum

Superphotons consist of 2.4% neutrino-antineutrino pairs and are produced as the gluon
loops on the orbits in baryons. Their wavelengths depend on the internal temperature of the
baryons/black-body. Via the Wien's law we can calculate the At peak wavelength: At T =
2.897771955-10°2 [m K] - it is the 2018 CODATA value of the Wien'swavelength-
displacement-law constant numerically solved from Planck’s law using Newton’s method.
Mostly such supergluons/superphotons transit from the d = O state (the equator) tothed = 1

state so the length of them increasesto 2n(A + B) —emission is from the d = 1 state. From
it we have

A/ A =AT(A+B)=0.5815520, (39.1)

where At is a peak wavelength from the Wien's law, and A, is a peak wavelength from the
spectral radiance.
Using the central value of the today’s temperature of the Universe from WMAP

(2.7260(13) K [11]) we obtain A+ = 1.0630-10° m, A, = 1.8279-10° m, and v =
164.01 GHz.

We can calculate the A, within the SST.

Outside the nuclear strong fields, the supergluons behave as superphotons and they decayed
to the SST photon galaxies so length of them increased N, = 24" times,

The superphotons were emitted, first of al, from surface of the initial ball which radius was

equal to Aprotoworld T Bprotoworld = 0.4929284 Gly. Radius of such surface increased to
Rcwme, so length of the CMB photons increased additionally N, = Rcewe / (Aprotoworld +

Brrotoworid) = 43.252(20) times — accuracy of this value is limited by the measured energy
density of CMB which isvery low [4].

Assume that supergluons appear on the three orbits that lie below the Schwarzschild
surface for the nuclear strong interactions, so the mean wavelength of the emitted supergluons

was Amean= 2 {2A/3+ A + (A + B)} / 3 =4.9462956 fm.

Notice also that first of al the superphotons produced the u+u_ pairs that decayed to the
electron-positron pairs. The ratio of anomalous magnetic moments au/ae is N3 =
1.0054062, so energy of the superphotons increased a little so their wavelength decreased
N3 times.

For A, weobtain

Ay = Amean N1 N2/ N3 = 1.8278(9)-10° m . (3.9.2)

Due to the different weak interactions of muons and electrons and the decays of the
u+u_ pairs into the electron-positron pairs, we should observe an excess in quanta with
energy equal to

Epredicted =Me (N3 - 1) = 2.7626 keV . (3.9.3)
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3.10. The hydrogen-to-helium-4 ratio in the expanding Universe

Due to evolution of the Universe, hydrogen transforms into helium whereas helium
transforms into more massive atomic nuclei. It suggests that it can be that with time mass
abundance of helium in relation to hydrogen can slowly decrease — it should not increase as it
is assumed in the mainstream cosmol ogy.

We use in this Section the Stefan-Boltzmann law which is derived within SST (see formula

(1.4.20)). Assume that due to the big stars, a change in abundance of helium-4 (He-4), APqe

[%], is directly proportional to the temperature T (higher temperature means higher changes
in abundance) whereas that total emitted energy is directly proportional to age of the

Universe, Tuniverse [GYr]. Then, we have

_ 1/4
APe [%] = (Tuniverse [GYM]) ™ (3.10.1)
PH .'.I PHB
sl - - - - -
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Fiz 15. HHe ratio in the expanding Umiverse.

The resultant abundance of helium-4 is
Pe = Pritia e — APre [%] = Pritiare— T (Tuniverse [Gy)*,  (3.102)

where Pinitia He = 50% is the primordial mass abundance of helium. On the assumption that
the today abundances of helium-4 and hydrogen are respectively 24.5% and 75.5%, we
obtain that the factor f isequal to f = 11.87.

From (3.10.2) we have that abundance of helium-4 in most distant observed Universe (i.e.
Tuniversedistant [GYr] = 7.53) should be 30.3% so abundance of hydrogen should be about

50% + (50% — 30.3%) = 69.7%, so the ratio P4/PHe = 2.3. The SST results are collected in
Fig.15.

Above surfaces of the neutron stars and in the symmetrical decays of nucle in the
supernova explosions there appear protons so in such regions, with time, abundance of
hydrogen increases.

3.11. Summary
The creation of the Protoworld and the expansion of the Universe were separated in time
from the SST inflation that created the inner Cosmos.



91

The initial Universe was highly anisotropic because there were two baryonic loops and a
rotating dark-matter torus. Protuberances inside and on the front of the early expanding
Universe and the anisotropic inflows of the dark energy and dark matter into the baryonic part
of the Universe caused that anisotropies of some regions of the Universe are higher. Only the
creation of new neutrino (it took over most of the Protoworld rotational energy) and the
damping of protuberances by a fairly symmetrical expansion of dark energy partialy reduced
the anisotropy.

The Universe is practically flat because the density of the isotropic SST absolute spacetime
exceeds by many orders of magnitude the average density of matter and dark energy.

The Universe is 21.32(1) Gyr old, not 13.8 Gyr. We cannot see the initial period 7.53
Gyr of evolution of protogalaxies. We should observe the massive galaxies and quasars with
supermassive black hole in their centre already in the most distant visible Universe.

Due to the different weak interactions of muons and electrons and the decays of the u+ o
pairs into the electron-positron pairs, we should observe an excess in quanta with energy

equal to 2.76 keV (see Sections 3.9).

3.12. Tables

Table 14 Inner Cosmos

Cosmological quantity Theor etical value*
Inertial-mass density of the initial 8.32192 E+85 kg/m®
inflation field

Radius of the inner Cosmos 2.3E+30m

Mass of the SST spacetime 5.9 E+119kg

*2.3 E+30=2.3-10"

Table 15 Protoworld and early Universe

Cosmological quantity Theoretical value

Mass of the core of the Protoworld = 1.96076 E+52 kg

~ mass of the dark matter

Equatorial radius of the core of the 0.2866635 Gly

Protoworld

Radius of the standard ruler in cosmology | 151.13 Mpc

Mass of baryonic matter 0.36379 E+51 kg

Radius of the initial baryon-matter loops 0.191109 Gyr

Mass of protogalaxy 1.0656 E+11 solar masses

Mass of neutron black hole (NBH) 4.933 E+31 kg i.e. about
24.81 solar masses

Radius of NBH 3.664 E+4m
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Table 16 Universe
Cosmological quantity Theoretical value
Present-day abundance of baryonic matter 4.91 %
Present-day abundance of dark matter 26.46 %
Present-day abundance of dark energy 68.63 %
At /A, for black body 0.5815520
A 1.8278(9) E-3
Radius of the CMB sphere 21.32(1) Gly
Age of the Universe 21.32(1) Gyr
Time distance to the observed front of the 13.79(2) Gyr
sphere filled with BM, DM and DE
Time Hubble constant 70.90 + 3.1 km-s -Mps ™
Spatial Hubble constant 45.86 km-s-Mps™
M ean anisotropy power 931 uK”
Amplitude of the CMB temperature fluctuations | 1.119446 E-5
Number of photon galaxies (photons) in cubic 410.6
centimetre of CMB
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Chapter 4

Applications

A. Atomic physics

Al. Derivation of the Pauli Exclusion Principle

In general, the Pauli Exclusion Principle follows from the spectroscopy whereasits origin is
not good understood. To understand fully this principle, most important is the origin of
quantization of the azimutha quantum number i.e. of the angular momentum quantum
number. Here, applying the theory of ellipse and starting from very simple physical condition,
we quantized the azimuthal quantum number. The presented model leads directly to the
eigenvalue of the sguare of angular momentum and to the additional potential energy that
appears in the equation for the modified wave function.

The Pauli Exclusion Principle says that no two identical half-integer-spin fermions may
occupy the same quantum state simultaneously. For example, no two electrons in an atom can
have the same four quantum numbers. They are the principal quantum number N that denotes
the number of the de Broglieewave lengths A in a quantum state, the azimuthal quantum
number | (i.e. the angular momentum quantum number), the magnetic quantum number M and
the spin S.

On the base of the spectrums of atoms, placed in magnetic field as well, follows that the
guantum numbers take the values:

n=123, ..
1=0,1,2 ....n-1
m=-, ..., +
s=%1/2

The three first quantum numbers N, |, and M are the integer numbers and define a state in
which can be maximum two electrons with opposite spins.

The magnetic quantum number M determines the projection of the azimuthal guantum
number | on the arbitrary chosen axis. This axis can overlap with a diameter of the circle | =
0.

To understand fully the Pauli Exclusion Principle we must answer following questions

concerning the azimuthal quantum number 1
\1/th is physical meaning of this quantum number?
\2/Vhy the | numbers are the natural numbers only?
\E;Vhy the zero isthe lower limit?
4

Why the n — 1 isthe upper limit?
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To answer these questions we must apply the theory of ellipse, especially the formula for its
circumference C and eccentricity €. When we use the complete elliptic integral of the second
kind and the Carlson symmetric form [1], we obtain for circumference C of an ellipse
following formula

C=2rna[l-(1/2)>%"/1-(13/(2-4)%"/ 3—(1-35/ (2-46))%€°/ 5—...] , (AL1)
where a isthe mgor radius and € is the eccentricity defined as follows

e=(a®-b%)"?/a, (A1.2)

where b is the minor radius.

In the Fig.A1, the circumference of the elipse Cgegrogiie iS Cderogice = 7 4 = 2 m n #,
where the N is the principa quantum number whereas the # is the reduced de Broglie-
wavelength. Assume that there are allowed only ellipses that circumference is the arithmetic
mean of the circumferences of two circles that radii are equal to the major and minor radii of
the elipse.

Similarly as for the circumference of the ellipse, the circumferences of the circles must be
equal to a natural number multiplied by the de Broglie-wave length. This leads to following
definitions

a=jAandb=Kk#. (A1.3)

Noticethat ] = k= 0 hasno sense.
Then, we can rewrite formula (A1.2) asfollows

e=(*-1A"/]j. (AL4)
It is the natural assumption that the allowed circumferences of the ellipse should be the

arithmetic mean of the sum of the circumferences of the two circles. It leads to following
conclusion
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G+Kk/2=n. (A15)
Define some number | as follows

G-kK/2=1I. (AL6)
Formulae (A1.5) and (A1.6) lead to following relations

j=n+1, (AL7)
k=n-1I. (A1.8)

Since the j, K and n are the integers so the number | must be an integer as well.
Applying formulae (A1.7) and (A1.8) we can rewrite formula (A1.4) asfollows

e=2(D¥/(n+1). (A1.9)

We can see that due to the square root, this formula has no real sense for | < 0. Since the |

cannot be negative then from formulae (A1.5) and (A1.6) we havel < n.
Applying formulae (A1.3) and (A1.7), we can rewrite formula (A1.1) as follows

Ck = 2n(n + N1 — (1/2)%%/1 — (1-3/(2-4))%€"/3 — (1-3:5/(2-4-6))°€%/5 —...] . (A1.10)

Notice that for N = | ise = 1 and then Cyegrogiie > Ck i.€. | cannot be equal to n. For | =
0isCgerogiie = Ck and because | cannot be negative then the | = O isthe lower limit for |.

Some recapitulation is as follows. We proved that the azimuthal quantum number |

1) is associated with transitions between the states j and K,
2) isthe integer,

3) cannot be negative and the lower limit is zero,

4) the n — 1 isthe upper limit.

Some abbreviation of it is as follows

1=0,1,2 ..,.n-1

The Quantum Physics is timeless because a quantum particle disappears in one region of a
field or spacetime and appears in another one, and so on. There are no traectories of
individua quantum particles. Quantum Physics concerns the statistical shapes and their
allowed orientations. Such procedure ssmplifies considerably the Quantum Physics.

An éllipse/electron-state we can resolve into two circles that radii are defined by the semi-
axes of the ellipse. The two circles in a pair are entangled due to the exchanges of the binary
systems of the closed strings (entanglons) the SST-As components (from which are built all
the Principle-of-Equivalence particles) consist of. The spin-1 entanglons are responsible for
the infinitesimal transformations that lead to the commutators. Calculate a change in the
azimuthal quantum number | when the smaller circle or one of identical two circles emits one
entanglon (since in this paper is] > K so there isthe transition K & k — 1) whereas the second
circle in the pair almost simultaneously absorbs the emitted entanglon (there is the transition |

- | + 1). Such transition causes that ratio of the major radius to the minor radius of the
ellipse (or circle) increases. From formula (A1.5) follows that such emission-absorption does
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not change the principal quantum number N whereas from formula (A1.6) follows that there is
following transition for the azimuthal quantum number |: | = | + 1. The geometric mean is

(I (I + 1)) and this expression multiplied by h is the mean angular momentum L for the
described transition. This leads to conclusion that eigenvalue of the sguare of angular
momentum L? is(l + 1)k?

The eigenvalue of the square of angular momentum leads to the additional potential energy
Enx (it follows from the radial transitions i.e. from the changes in shape of the ellipses) equal to

Ea= L2/ 2mrd)=1(+1)k/(@2mr?. (A1.11)

The energy Ea appears in the equation for the modified wave function.

The SST shows that inside the baryons are only the | = O states (i.e. there are only the
circles) so the quantum mechanics describing baryons is much simpler than for atoms.
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A2. Meaning simplification of the Dirac theory of the hydrogen atom

We showed that the Lamb shift follows from the fact that the charged relativistic pion in
proton interacts due to the nuclear weak interactions while the electron interacts due to the
electromagnetic and weak interactions in presence of dark matter (see Section 2.17).

We showed that the hyperfine splitting in the ground state of hydrogen (it leads to the ~21
cm line) follows from different binding energies of two vortices/spinning-tori (see Application
A3). When spins are parallel but their directions does not overlap (it is in hydrogen atom) then
the singlet state (spin = 0) has lower energy because binding energy is higher.

The Schrodinger equation with a Coulomb potential |eads to the Bohr hydrogen atom. Here
we show that the Dirac-Sommerfeld fine structure of hydrogen atom is a result of creations
and exchanges of the virtua electron-positron pairs. Moreover, it is associated also with the
fact that the atom-like structure of proton leads to an effective value of the base of the natural
logarithm e« = 2.66666....

The fermions consist, at least for period of spinning, of the stable/classical structures/bare-
fermions plus the quantum fields, so the semiclassical theories are smplest, most fruitful and
contain least parameters. And such method is not a mathematical trick — just in such a way
behaves Nature. We formulated a very simple semiclassical analog to the Dirac and
Sommerfeld theories of the hydrogen atom.

Gravity is associated with the inverse square law. It is because gravitationa fields are the
gradients produced by masses in the superluminal SST Higgs field. There are the divergently
moving classical tachyons so there appears the inverse square law

F~1/R?, (A2.1)
Today, in the Higgs field cannot be created any virtual pairs as it is in the SST absolute

spacetime. Polarisation and distribution of the virtual pairsin afield y composed of the SST-
As components causes that such afield is defined by following function

v =yoexp R, (A2.2)
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where €Xp ~ 2.718... is close to the base of the natural logarithm. In reality, this formula is
more complicated for R = 0 because there appears a torus/charge/spin and central
condensate.

We claim that the atom-like structure of baryons leads to an effective value, €+, of the base
of the natura logarithm. We can define it as the sum of the inverses of the relative distances

between the TB orbits in the baryons (it defines a slope of the field y in proton). There are the
four TB orbits for the nuclear strong interactions — the relative distances between them are 1,

1 and 2. But there is also one photonic TB orbit outside the nuclear strong field. Outside such
field, the virtual FGL behaves as virtual photon loop which can create one or two virtual
electron-positron pairs — when spin of the pair is zero then there is created one pair while is
equal to 1 then to conserve spin of the virtual photon loop there are created two virtual pairs

with antiparallel spins. The range of the FGL due to its circumference is 2m(2A/3), but due to
its energy, when we subtract energies of the created virtua pairs (their mean energy is
3Mepare) is very close to A + 10B (precisely, because the range of the Mg is B, there
instead the 10 is 9.889 for one pair and 10.065 for two pairs, so the mean is 9.977 = 10).
We see that the relative distance of the photonic orbit from the d = 4 TB orbit is very close to
6. So we have for baryons the series 1, 1, 2, 6 = 0!, 1!, 2!, 3! (there is 1, 1, 2, 5.977) which
leads to following effective value for the base of the natural logarithm for baryons (it is for a
mixture of the strong and electromagnetic interactions)

ess =1/0+ 1/ +1/2'+1/5977 =2.667~
~8/3=1/(1-1/2-1/8). (A2.3)

Define a following factor associated with the internal structure of proton
Fosst =1/ e4~0.375. (A2.4)

Can we quantize the value Fssr, i.e. can we write an expression that leads to Fsst? Such
expression is showed in (A2.3)

Fssr=(1-1/2-1/8)=0.375. (A25)

Such expression quantizes the factors (1, 1/2, and 1/8) that can appear in formula for energy
of the proton-electron system. Formula (A2.5) suggests as well that we should expand energy
into a series because of the interactions via the exchanged virtual pairs. Such virtua pairs
produce the holes in SST-As so their masses are negative — it leads to conclusion that the
electromagnetic interactions via the virtual pairs must be associated with the second and third

factor. With the second factor are associated two virtual electron-positron pairs (one from H*
and one from electron). Radiation mass can create the second virtua pair so with the third

factor are associated four virtual pairs (two from H™ and two from electron).
In SST, the electromagnetic massenergy of a massenergy E is defined as

Ean = 0em E, (A2.6)

where 0lgm IS the fine structure constant.
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The succeeding K interactions of virtual pairs (in a group of them) with some energy

decrease the initia energy the ocemk times.
Energy associated with a loop is inversely proportional to length of wave which is directly
proportional to the principal quantum number n: E~ 1/ A ~ 1/ n. It leads to conclusion that

each virtua electron-positron pair produced in state defined by n decreases energy (Ctem / N)
times.
The above remarks lead to following formula for hydrogen atom

E = c?[1 = (ctem/ N)*/ 2 = (0tem/ N)*/ 8], (A2.7)

where mc? = 0.5109989 MeV isthe mass of electron.
Notice that for the transition from the electromagnetic interactions to the strong interactions

at low energy (0lem =2 0is = 1) in the ground state (N = 1), the expression in parenthesis
transforms into (A2.5).
The second component

Egn=—11 C*(ctem/ N)?/ (A2.8)

isequal to the energies of the Bohr orbits in the hydrogen atom and Eg -1 = —13.606 eV.
The third component is the fine structure energy

Ersn = —11 ¢ (ctem/ N)*/ 8. (A2.9)

This component depends on classical and quantum structure of electron so we must write it
in such away to interpret it correctly. Write the factor 1/8 asfollows

1/8=(1-3/4)/2 (A2.10)
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The 3/4 represents the classical mass of electron (see Fig.A2) which relates to the
Aemdectron (the points A and D are in the same state) while the quantum mass of electron
relates to Agectron-

We know that maximum azimuthal quantum number | islpex =N —1son/ (lpax + 1) =
1. This means that we can rewrite formula (A2.10) asfollows
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1/8=[n/ (lnex+1)—3/4] /2. (A2.11)

The nand (Imax + 1) define the lengths of the de Broglie waves but the additional potential
energy EA=1(1+1) K/ (2m r2) (see (A1.11) suggests that for defined N there can appear
spontaneously as well the other standing waves defined by | + 1. For smaller |, waves are
shorter so corresponding absolute energy is greater. Since in formula (A2.9) isthe sign “—“ so

the levels defined by smaller and smaller | are closer and closer to the ground state n = 1.
Finally, we can rewrite formula (A2.9) asfollows

Ersn=—1 (ctem/ N)* [N/ (1 +1)=3/4] /2. (A2.12)

The ground state is shifted by Ersp—1 = —11 C20teny [1—3/ 4] / 2= -1.81-10" eV.
Calculate the energy distance between the states | = O, 1 for defined n

AEgsn = —11 S (aen/ N)* (N1 2) /2. (A2.13)

For N = 2isAErs - = =11 ¢ (ctem/ 2)* (1) / 2= =M ¢ Olen / 32 = —4.53-107° eV.

Why we obtained results the same as in the Sommerfeld theory [1]? Why we obtained
results the same as in the Dirac theory [2] neglecting the relativistic effects, the spin-orbit
interactions, and so on?

It is due to the applied methods — just the standing waves defined by the quantum
numbers cannot be changed by any phenomena. Just the quantum numbers define the
total picture and must be conserved. The three theories are equivalent because the
numbers Ny in the Sommerfeld theory, ] + 1/2 in the Dirac theory (the | is not the in the
last two Sections) and | + 1 in presented here theory, arethe integers and change from 1
to N. But only presented here theory of hydrogen atom proves equivalence of the three
theories and describesin all respectsthe physical origin of the final equation.
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A3. Frequency of the hydrogen spin-flip transition and the Bohr radius

Understanding the spin-flip mechanism in hydrogen was the most difficult, but it allowed
us to better understand the electroweak interactions, especially the weak interactions of
baryon matter with dark matter.

The parallel polarisation of two vortices on the same plane decreases the binding energy of
asystem

whereas the antiparallel polarisation increases the binding energy

E..=E + AE;. (A3.2)
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Since AE; = a; ¢ B/ r (it follows from the definition of the coupling constants — see

(2.4.23), and there is AE; = G; M; my / 1) so the change of the mutual orientation of spins
causes that the emitted energy is

E=2a;ch/r=hv, (A3.3)
and therefore
v=qgic/(nr), (A3.4)

where v denotes the frequency.
The mechanism is as follows. Assume that the virtual bare electron-positron pairs are

created especially at distance Rg/(2m) from the Bohr orbit, where Rz =

5.29177210903(80)-10 ™ m is the Particle-Data-Group (PDG) experimental value of the
Bohr radius [1] (i.e., there is aradius-circle transition what creates holes in the SST-As), and
next they transit to the edge of the field composed of the virtual charged bosons produced in
the nuclear strong field. Range is inversely proportional to mass of particle so we should take
into account the lightest electrically charged boson — from Table 2 follows that it is the boson

Wi0),d=4 = 162.01257 MeV. Such virtual bosons can be emitted from the d = O state (its
radius is Rg=0 = A + I'¢(p). Knowing that range of the Mtg = 750.2977 MeV is B =
0.50183544 fm, we obtain

Rw) = Ra=0 + B Mg / W4 ¢=4 = 3.03020162200159 fm . (A3.5)
On the other hand, dark matter interacts weakly viathe virtual bare electron-positron pairs

with the real electron on the Bohr orbit and via the real electron with the proton, so we have
(the two interactions occur one after the other, so we have the product of coupling constants)

0 = O w(e) DM - (A3.6)

Formula for frequency of emitted photon during the transition from the spin-1 state of the
hydrogen atom to the spin-0 state is

Vilip = OL’\,\,(e),D|\/|2 cl/ [7I { RB/(ZH) — RW(+_)}] =
= 1420.405476 MHz . (A3.7)

The SST value in (A3.7) is very close to the experimental result: 1420.4057517667(9)
MHz[2].

The Bohr radius
The non-relativistic classical formula for the Bohr radius leads to

Re dasica = A/ (F Me C 0lem) = 5.29177215048007-:10 " m . (A3.8)

This value differs a little from the PDG value and in formula (A3.8) should appear the
relativistic mass of the electron. It leads to a conclusion that there should be some corrections,
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i.e. some additional phenomena. Corrections are needed to obtain the correct value for the
frequency of the spin-flip.
Our definition of the Bohr radius looks as follows

Resst =8/ (F Mgre C i), (A3.9)

where Fmg g isthe relativistic mass of the electroninkg (i.e. Merg = Mo/ (1 — oqz)l/2
Vg = Co,; isthe orbital speed of the electron.

Notice that coupling is directly proportional to energy so the two first corrections are
defined by formula (A2.7), i.e. they appear in the theory of hydrogen atom. But there should
be also athird correction which is independent from the proton-electron interactions. Just the
Y spacetime condensate produces the virtual 2(e+e_)virtua| guadrupoles. The components of
each such quadrupole transit to the Bohr orbit. There appears a cascade of 4 electromagnetic
interactions and the circular motions of the components transit into oscillations along the

diameter of the Bohr orbit — it causes that the coupling increases m times, so we have +T[0Lem4.
The resultant coupling is (see (A2.7) plus the third correction)

), and

0 = Olem [1 = Oten’/ 2+ (t— 1/ 8) 0lem’] = 1/ 137.039646686156 . (A3.10)
The relativistic mass of the electron on the Bohr orbit is
Mere = Me/ (1 — 0;)¥? = 0.511012551512095 MeV , (A3.11)
or
F Mee = 9.10962617054279-10" kg . (A3.12)
The relativistic speed on the Bohr orbit is
Vg = C oy = 2.1876330335747-10° mis. (A3.13)
From formulae (A3.9), (A3.12) and (A3.13) we have
Rg sst = 5.29177211083714-10 ™ m . (A3.14)
From formulae (A3.7) and (A3.14) we have
Vilipsst = O weom” C/ [ {Re ssr/(2m) — Rweoy}] =
= 1420.4054757 MHz. (A3.15)
Notice that
F Mera VB Resst = Ah. (A3.16)

But for the Bohr orbit is| = 0, i.e. the external electron very frequently changes direction of
motion.
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Most important is the fact that we calculated the spin-flip frequency by applying the theory
of the hydrogen atom and the internal structure of the proton described in SST.
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B. Superconductivity

B1. Thethree phonon fieldsin superconductors

The Scale-Symmetric Theory (SST) shows that the internal dynamics of the core of proton
leads to superconductivity. The first, second and third phonon fields are created due to the
electroweak interactions of the oscillation masses, radiation masses and masses of the
electron-positron pairs, respectively. The composite phonons (they are the entangled
spacetime condensates) are responsible for creation of both the spin-0 Cooper pairs and boson
condensate composed of the Cooper pairs. We calculated that at atmospheric pressure, critical
temperature of the Type 11 superconductors can be from 4.4 K up to 148 K. We calculated also
that at extreme pressure, for relative volume equal to 0.67, critical temperature is 304 K. We
show that it isimpossible to make a materia that is a superconductor at room-temperature and
atmospheric pressure.

Superconductivity is a flow of a condensate of electron pairs (the Cooper pairs) without
electrical resistance.

Our model of the superconductivity is as follows. In surroundings of the core of proton,
the electroweak interactions of the oscillation masses, radiation masses and masses of the
electron-positron pairs (and their associations due to the quantum entanglement) create the
composite phonons which are the entangled condensates of the SST-As components. Such
composite phonons are exchanged between the electrons in the spin-0 Cooper pair (it defines
the binding energy) — such is the origin of the attractive interactions among electrons in the
Cooper pairs. The composite phonons are exchanged al so between the Cooper pairs so there is
created a boson condensate composed of the Cooper pairs — it is the critical field responsible
for superconductivity. In the Type | superconductors, there is the phonon field produced by
both the oscillation masses and radiation masses, while in the Type Il superconductors, there
are the three phonon fields. Size of the Cooper pairs (here it is also the SST coherence length

issﬂ isinversely proportional to the phonon energy. Different values for the coherence length
result from different energies of the composite phonons. In superconductors, at higher intrinsic
pressure (it depends on internal structures of the atomic nuclel and lattice of a superconductor
as awhole), the composite phonons contain more the elementary phonons (more the entangled
elementary condensates). Good superconductors are substances in which the number density
of the created electron-positron pairs isrelatively high — then the intrinsic pressure is higher so
the boson condensate of the Cooper pairs is very stable. Moreover, in superconductor lattice,
vibrational energies of the atomic nuclel increase with increasing intrinsic pressure — it
validates the BCS theory.
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Dependence of critical temperature on coherence length
From experimental data for the chemical elements at atmospheric pressure, we obtain our

best fit dependence of critical temperature, T¢ ssr [K], on coherence length QSST [nm]

Tessr=a/ <§SSTb , (B1.1)
wherea = 73.7, and b = 0.561.

For Al is &oalexp. = 1600 nm [1] so from (B1.1) we obtain T¢ssral = 1L.175 K —itis
consistent with experimental data [2].

For Sn is Eosnexp. = 230 nm [1] so from (B1.1) we obtain T¢sstsn = 3.49 K — the
experimental value is T¢snexp, = 3.72K [1].

For NDb is &onpexp. = 40 nm [1] so from (B1.1) we obtain Tcsstnp = 9.30 K — the
experimental value is Tenpexp. = 9.25 K [1].

But notice that there are some theoretical values which differ significantly from
experimental data. It suggests that sometimes untypical changes in intrinsic pressure in some
materials change significantly the phonon-electron coupling.

We will apply formula (B1.1) to all types of superconductors to investigate a global
behaviour of superconductors.

The relationship between the critical temperature and the coherence length (i.e. formula
(B1.1)) isthe most important and requires further research. We can rewrite formula (B1.1) as
follows

Tesst = Constant, / Essro 0 . (B1.2)

On the other hand, the Coulomb law |ooks as follows
F = Constant, / R”. (B1.3)

The R2 says that the Coulomb field has spherical symmetry, i.e. the electromagnetic

interactions of the elementary electric charge have spherical symmetry at distances much

bigger than sizes of the tori/electric-charges. On the other hand, the §33T0'561 suggests that the

phonon field between electrons in Cooper pairs has not spherical symmetry. For directiona
interactions (in an approximation, the nuclear weak interactions are directional/axial in

direction of the spin), the acting force does not depend on distance so there should be the r°

We can calculate value of the b parameter for the nuclear electrowesk interactions from
following formula

i.e. the weak part (Ctw(p) / (Qw(p) + Olem)) is directional (O) while the electromagnetic part

(Olem / (Ctw(p) + Clem)) is spherical (2).
It suggeststhat in protons dominate the axial weak interactions,



104

so electroweak interactions cannot have a spherica symmetry — it is consistent with the SST

because in both protons and electrons there is the spin-1/2 torus/electric-charge with central
condensate so it has also axial symmetry.

Now, from dynamics of the core of baryons, we can calculate value of the a parameter.
By applying the Wien’ s displacement law

Treak L =2.898-107° [K m] (BL5)
We can cal cul ate temperature of the fundamental gluon loop Trg.
TroL = 2.898:10° [K m] / (2 7 Regr) = 0.99198-10%K . (B1.6)

At temperature of the FGL, there is an increase of mass of the proton condensate from Y to

mass of the charged core of protons H* (it isavirtua process). It forces similar transformation
of the condensates in the electron-positron pairs created by protons. We know that at higher

critical temperatures, the coherence length is smaller. Assume that at the Trg(, the coherence

length, &, is equal to the radius of the enlarged electron condensate (density of all spacetime
condensates is invariant)

Ee= e (H /1Y) =0.88031-10"8 m . (B17)
It means that value of the a parameter is
a=Tre £ =737, (BL.8)
Energy of SST-As condensate from FGL and itsrange/coherence-length

SST shows that the transition (collapse) from the radia vibrations in the FGL to the circular
motions in a spacetime condensate (R > R/(2m)) increases energy 2w times. But the internal

dynamics of the core of baryons shows that the fina mass of the central spacetime condensate
is Y. It leads to conclusion that there is emitted a spacetime condensate carrying following
energy
Mcon=2n mpg. — Y =0.27230 MeV . (B1.9)
Range/coherence-length of such condensate is equal to the radius of the FGL divided by 271t
Eocon= ReaL / (2 )= A/(3 m) = 7.4001-10" m. (B1.10)

In the next calculations, there will appear a product, Fcon, of M con and Eo con

Fcon=Mcon E,,O,Con = 0.020151 [eV - nm]. (B1.11)
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Superconductivity viathe third phonon field at atmospheric pressure
In SST, when an interaction of a mass M is defined by a coupling constant o then an

exchanged virtua energy, E, isE = ;M. A generalization for afew coupling constants looks
asfollows

E=I] oiM = arota M , (B1.12)

where I1 denotes a product.
Here, for the electroweak proton-electron interactions we have

Otota = I o = Qlem Olw(p) Olw(e) = 1.2995-10_10 ) (B1.13)

The lower limit for phonon energy in the third phonon field (Phonon-111) produced by the
electron-positron pairs is

EPhonon_“L|ower = aTota| 2 rT]e = 1.3281'10_4 eV . (8114)

Coherence length is inversely proportiona to energy so by applying formula (B1.11) we
obtain

&o,Phonon—III,upper = Feon ! Epnonon-iinjower = 151.73 nm . (B1.15)

By applying formula (B1.1) we can calculate the lower limit for critical temperature for the
Type Il superconductors at atmospheric pressure

_ b _
Tc,SST,Phonon—III,Iower - a/ E,,O,Phonon-lll,,upper =44K. (81-16)

In the nuclear strong interactions, range of four bound neutral pions is equa to the

equatoria radius A of the core of the baryons so such quanta should define the upper limit for
critical temperature for the Type |1 superconductors at atmospheric pressure.
The upper energy for phonon is

EPhonon-lll,upper =4 7ot 7tobound = 7015510_2 ev. (B1.17)

The lower limit for coherence length of the Type Il superconductors at atmospheric pressure
IS

&o,Phonon—III,Iower = Fcon/ EPhonon-lll,upper =0.28723 nm . (B1.18)

By applying formula (B1.1) we can calculate the upper limit for critical temperature for the
Type Il superconductors at atmospheric pressure

b _
Tc,SST,Phonon—III,upper =a/ E,,O,Phonon-lll,lower = 148K .. (Bl.19)

Our results are consistent with experimental data so we can assume that, generally, in the
Type |1 superconductors dominates the third phonon field, i.e. phonons are created due to the
electroweak interactions of the masses of the electron-positron pairs.



106

Type |l superconductorsat extreme pressure

Due to the four-particle symmetry, maximum energy of an object that can interact due to
electroweak interactions is 4Y. But emphasize that such energies can exist only at extreme
pressure. The energy of phononis

EPhonon’pressure = 4 aTota| Y = 0.22046 eV . (8120)
= experimental data

064 = owr prediction
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Relative volumme versus pressure.

It relates to following coherence length

Z;O,Phonon,pressure = Feon/ EPhonon,pr&ssure = 0.091405 nm . (B1.21)

We can calculate the critical temperature

b
Tc,SST pressure — a/ éo,Phonon,prengre =282K. (B1.22)

But extreme pressure changes volume of the superconductors. For relative volume equal to
VIV, = 0.67, by applying formulae (B1.21) and (B1.22), we obtain that critical temperature
is T ssTpressure = 304 K. For the carbonaceous sulphur hydride at 267 + 10 GPa, there is
T.=287.7x 12K [3].

Available experimental data of volume versus pressure up to 100 GPa we can find in [4].

We predict that for pressures higher than about 200 GPa, for a function describing
dependence of volume on pressure (Fig.B1), we should observe a plateau (or o).

Lower limitsfor critical temperature for Type | superconductors
The lowest energy of a phonon in the second phonon field (Phonon-11) is

Epnonon-i1jower = Otota (Me — Mepare) = 7.6917-10%ev . (B1.23)
Coherence length of such elementary phonon is

Eo,Phonon-elementary = Fcon / Epnonon-itjower = 2.6198-10° nm . (B1.24)
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From (B1.1) we obtain the lowest critical temperature for critical field composed of such
elementary phonons

Tc,Phonon—II,SST =a/ &,,O,Phonon-elementaryb =0.067 K . (B1.25)

Notice that at higher intrinsic pressure (it depends on structure of the lattice) or at higher
intrinsic pressure plus external pressure, there are created the composite phonons composed of
the elementary phonons so critical temperature increases.

In the Type | superconductors, there can be also phonons created by oscillations of the
electron-positron pairs (Phonon-1) so the lower limit for critica temperature of the Type |
superconductors is defined by

Tc,Phonon—I,SST >0K. (B1.26)

There are only three Type | superconductors with critical temperatures defined by following
interva

OK <T:<0.067K, (B1.27)
so, generdly, in the Type | superconductors dominates the second phonon field produced in
electroweak interactions of the radiation masses of the electron-positron pairs.

Here we have tried to capture the global features of superconductors and we believe that the
effects are definitely better than the complexity and multiplicity of phenomenawould imply.

The technological benefits of producing a good room-temperature superconductor operating
at atmospheric pressure would be enormous, so in recent decades a huge amount of financial
resources has been invested and many research teams worked to produce such a

superconductor. So | don't think that the current thresholds for the different types of
superconductors that result from experimental data, i.e. for the Type | chemical elementsis

OK<T.<4.47K or 7.193K , (B1.28)
for the Type Il superconductorsis
447K or 7.193K <Tc< 139K or so, (B1.29)
and the present-day upper limit for superconductor at extreme pressure (267 GPa) is
T.=288K, (B1.30)
will change radically in the future. On the other hand, our theoretical results are consistent
with experimental data so it validates our very simple model for superconductivity.
For the Type Il superconductors we obtained
44K < T,<148K. (B1.31)

For the Type | superconductors we obtained two thresholds

Te>0K and Te>0.067K . (B132)
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For the Type Il superconductors at extreme pressure (~300 GPa), for relative volume 0.67,
we obtained

T.= 304K . (B1.33)

The global featuresfor superconductivity are asfollows.
*Here we showed that superconductivity follows from the dynamics of the core of baryons
and concerns the electroweak interactions of the electron-positron pairs.

*There are three sources of the phonon fields: oscillations, radiation masses and masses of
the electron-positron pairs. In the three phonon fields, masses/energies of the elementary
phonons are different. When we neglect the phonons from the oscillations then mass-energy of
elementary phonons in Type | is 7.6917-:10° ev while in Type Il is 1.3281-10* ev. But
emphasize that energy of the composite phonons can be much higher, for example, for the

critical temperature 148 K we have 7.0155:1072 eV. A geometrical mean energy of upper

and lower limits for phonons in Type Il superconductors at atmospheric pressure is ~3.10°°
eV (it isthe mean binding energy of the Cooper pairs) — it relates to coherence length equal to
~6.7 nm.

*We derived a global relationship between critical temperature and coherence length.

*We calculated the thresholds for critica temperatures for different types of
superconductors.

*At critical temperature, there can be a resonance between the electroweak energy of the
electron-positron pairs (produced in protons) and the vibrational energy of the ions in lattice of
the superconductors — it validates the BCS theory.

*The electroweak structure of the Cooper pairs has both axia symmetry (from weak
interactions) and spherical symmetry (from electromagnetic interactions).

*Intrinsic and external pressure decreases coherence length so increases critical
temperature.

*A mixture of the three phonon fields and dependence of critical temperature on intrinsic
pressure in superconductors (it depends on number density of the electron-positron pairs, on
structure of the atomic nuclel, and on structure of the lattice as a whole) cause that sometimes
formula (B1.1) gives results that differ from the experimental data.

*The Cooper pairs are some analogs to the spin-0 neutral pions which consist of two spin-1
fundamental gluon loops with the same internal helicity. In the nuclear strong interactions, the
spin-1 loops behave as electrons in atoms, i.e. to both we can apply the Hund's rule. The
neutral pions are created on the circular axis inside the core of baryons so to conserve the spin-
1/2 of the torus/electric-charge, there are created the neutral pions with antiparallel spins of the
FGLs — it looks as the s-states in atoms. But in the baryonic resonances (i.e. for very short
time ~102 S), outside their core, spins of the FGLs can be paralel. It suggests that in strong
intrinsic magnetic fields, there can be a spin flip of one of the two FGLs — we can say that
there is a fluctuation from spin-0 state to spin-2 state, and vice versa. Notice also that there is
the spin flip in the cold hydrogen. Both electrons in the Cooper pairs are internaly right-
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handed so, similar to the neutral pions, the resultant spin of the Cooper pairs is zero. But in
ferromagnetic superconductors, there are allowed the fluctuations from the spin-singlet state of
the Cooper pairs to the spin-triplet state, and vice versa. It leads to conclusion that, because of
the fluctuations, superconductivity and ferromagnetism can coexist.

*The composite phonons cause that there is created a boson condensate composed of the
Cooper pairs.

*We showed that it is impossible to make a materia that is a superconductor at room-
temperature and atmospheric pressure.
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B2. Cooper-pair breaking

Theoretical results obtained in this section are perfectly consistent with the experimental
data presented by Mannila, et a. (2021) [2]. We described the origin of three new formulae for
the normalized number density of quasiparticles, relaxation times of bursts, and statistical
distribution of the broken Cooper pairs per burst. We show that the Cooper-pair breaking is
due to the nuclear weak interactions of the spacetime condensates created in the core of
nucleons.

Superconductors free from quasiparticles (QPs) that force decays of the Cooper pairs (CPs)
into electrons, are very important in superconducting quantum computing. It is assumed that
QPs corrupt the superposition. Just the Cooper-pair breaking decreases the coherence times of
superconducting qubits.

Here we show that shielding against the ionizing radiation background (IRB) is not enough
to eliminate QPs from superconductors built of chemical elements because the nuclear weak
interactions, which are responsible for creations of QPs, are ubiquitous in al physical
conditions.

The global features of superconductivity based on the SST we described in Section B1.
There appear the three phonon fields.

We define the coupling constants as follows

o =G Mm /(C h) , (B2.1)
where G;, € and h are the constant values, M; is mass of a source, and m; is mass of a carrier
of interactions.

Assume that for the nuclear strong and weak interactions, there are equators for which is

G M =cr, (B2.2)
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so we have
o ~rm. (B2.3)

For aloop isT; = const. so we obtain
o ~m. (B2.4)

The nuclear weak interactions are responsible for the beta decay of neutrons so from (B2.4)
we have that value of the coupling constant for such interactionsis

where N = 939.565390 MeV and p = 938.272082 MeV.
For the spin-0 spacetime condensates we have M = my; so from (B2.1) is

oj ~ Miz. (B2.6)
Assume that the weak mass of electron interacting with proton is

My = Cw(p) Me . (B2.7)

From (B2.5), (B2.6) and (B2.7) we can estimate the coupling constant for the weak
interactions of electrons

Olu(e) = Cup) [0 Me/ (N=P)]° = oy’ [Me/ (N—pP)]*= 1-107°. (B2.8)

Number density of quasiparticles normalized by the Cooper-pairs density
Number density, N, is inversely proportional to energy of field components E; (heavier
particles are fewer)

n~1/E (B2.9)
We assume that energies of phonons are the electroweak masses of the oscillation masses,
radiation masses, and masses of the electron-positron pairs — the three different masses in the

electron-positron pair are denoted by M, (when interactions occur one after the other, the total
coupling constant is the product of the coupling constants)

Epnonon = M1 Olw(p) Olem Olw(e) (B2.10)
so for the number density of the Cooper-pairs, Ncps, We have

We assume that for quasiparticles (QPs) is (emphasize that energy of quasiparticle must be
much higher than energy of the composite phonons)
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i.e. we assume that they are created due to the nuclear weak interactions.
Our definition for number density of quasiparticles normalized by the Cooper-pairs density
looks as follows

Xops = nQpS/ Neps = M1 Olem Ol (e) [ M5 (B2.13)

Normalized number density of quasiparticles from theionizing radiation background
(IRB)
Due to the ionizing radiation background, for M, = M4, we have

XQps|R8 = Clem Olw(g) = 7107 . (B2.14)

It is consistent with experimental data [1]. It suggests that the Cooper-pair breaking are
indeed due to the creations of quasiparticles in the nuclear weak interactions — their energy is

Most important transitionsin superconductors
Assume that following transitions are most important in nucleons (Y = 4ui)

Mgl 2 2t Mg 2 Y 2 4 },Li >k Me bare (k ~ 828) ) (B2.15)
and there isinvolved at least one electron-positron pair 2.

Relaxation times of bursts
From formula E; Tj = const., where 7 is alifetime of avirtual energy E;j, we have

frvinimum = TCooper,mean / Tourst1 = Y [ (2me) = 415. (B2.16)

where Tcooper,mean IS the mean period free from quasiparticles, and Tyyrs 1 iS the lifetime for 1-
quasiparticle burst. For Tcooper,mean = 0.4 s [2], from (B2.16) the relaxation time for 1-
quasiparticle burst is Tpyrst 1 = 960 ps.

For two quasiparticleswe have Y - 2 'Y so from (B2.16) we have Tpyrs2 =~ 480 ps.

For three quasiparticleswe have Y > 3 'Y so from (B2.16) we have Tpyrg3 =~ 320 ps.

For four quasiparticleswe have Y 2 4 'Y so from (B2.16) we have Tyyrst 4 = 240 ps.

Our theoretical results are close to experimental data (see Fig.3a in [2]). It validates the
transitions presented in (B2.15).

Our formula for relaxation times of bursts created by quasi particles looks as follows

Toursti = 0.4 [8] / (frvinimum Ngp) | (B2.17)
where Ngp denotes number of quasiparticles in aburst. For Nop = O we obtain Tpyrstj = 0 —

it is consistent with [2] (see Fig.3ain [2]). For 4 < Ngp < 9, we obtain Thyrsta-9 = 210 ps
(see formula (B2.25)).
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Lower limit for normalized number density of quasiparticles

The transitions from the circular vibrations to radia vibrations (i.e. M1/ M, =1 / (2n))
cause that the lower limit for number density of quasiparticles normalized by the Cooper-pair
density is

Xopsjower = Olem Ow(e) / (2 ) =~ 1:107°. (B2.18)

It is consistent with experimental data [3]. Equality of the experimenta result and
theoretical result obtained in (B2.18) validates the Mg, 2 21T Mg, transitions in the core of
baryons.

But for two interacting FGLSs, the transitiont° > Y gives

XQPs,pion-Y = m° Olem Owe) | Y = 2:107. (B2.19)

It is consistent with [2]. It suggests that instead the transitions Mg, 2 2T Meg, there
dominated the transitions 1° > Y.

Function for statistical distribution of the broken Cooper pairs
The datistical distribution of the broken Cooper pairs, N*, is very well described by
following our function (it is not the exponential function in [2])

Nevents,n* =90 (210—n*) P ) (B2.20)
where 6 and 3 = 3/2 are some factors. Fortunately, for datain [2], there isd = 1! So we have

n* = 1 gives Nevensrr=1 = 1.159-10%,

n* = 2 gives Nevents =2 = 4096,

N* = 3 gives Nevents =3 = 1448,

n* = 4 gives Nevents =4 = 512,

n* =5 gives Neventsnr=5 = 181,

N* = 6 gives Neventsn+=6 = 64,

n* = 7 gives Nevents+=7 = 22.6,

n* = 8 gives Nevents=8 = 8,

N* = 9 gives Neventsr=9 = 2.82,

n* = 10 gives Neyentsnr=10 = 1. (B2.21)

The SST results that follow from (B2.20) are in perfect agreement with experimental data
(seeFig.2bin[2]). It suggeststhat the Titius-Bode (TB) numbers are very important

210" = 512 256, 128, 64, 32, 16, 8, 4, 2, 1 (the 10 TB numbers) . (B2.22)
The TB numbers very frequently appear in SST.

Theorigin of the function for statistical distribution of the broken Cooper pairs
Formula (B2.20) requires further research. What isthe origin of the parameter B = 3/2 ?
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We can assume that the decays of the Y spacetime condensate into the entangled electron-
positron pairs (see (B2.15)) can be realized via two phenomena, i.e. by creating a string or a
loop both composed of the electron-positron pairs. The jet-like expansion of the string has one
degree of freedom while the disc-like expansion of the loop has two degrees of freedom.

For a short time, the virtual spacetime condensates Y look like a mini black hole with
ajet and an accretion disc.

For the same mass of the jet and disc, their abundances should be the same, i.e. 50% - it
leads to conclusion that the decaying and expanding Y or other spacetime condensates have 3

= 3/2 degrees of freedom and such is the origin of the parameter 3 in formula (B2.20).
What isthe origin of the TB numbers?

The TB numbers, 2'° ™™, follow from the successive symmetrical decays of the Y — the
last decay leads to 512 = o0 -1 entangled electrons and positrons (so also electrons in
Cooper pairs; notice that there is one quasiparticle per each electron from the broken Cooper
pairs) because their number cannot be bigger than 828 that follows from (B2.15). The ratio

512/828 = 0.618 is very close to the golden ratio. Jets and discs with fewer pairs are more
NUMErous.

We can normalize the parameter d to have opportunity to compare different experimental

results. If in an experiment, there appear N* gyentsn*=1 bursts with one broken Cooper pair then
we have

8 = 29[3 / N*events’n*:l . (8223)
We can seethat in [2] isN* eyenigmr=1 ~ 2" 508 = 1.

Our normalized function for the statistical distribution of the broken Cooper pairs looks as
follows

. —n*y 3/
NNorma,eventsr* = 21%% (210 " )3 2] N* events =1 - (B2.24)

Now by applying (B2.21) and (B2.17), we can calculate the mean relaxation time of bursts
for 4 <Ngp<9

Thurst,4--9,mean ~
~ 0.4 [s]/[415 (4-512+5-181+6-64+7-22.6+8-8+9-2.82) / (512+181+64+22.6+8+2.82)] =
=0.4[s] /[415 (3584.58 / 790.42)] = 210 ps . (B2.25)
This SST theoretical result is consistent with the experimental result presented in [2] (see
Fig.3ain[2]).

Notice also that there is valid following relationship

Nevents,n*:1/ Nevents,n*:lo ~ 1.16‘104 ) (82,26)
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Summary

Here we showed that it is impossible to dampen to zero the real and virtual processes in the
core of baryons so we cannot eliminate the Cooper-pair breaking in superconductors. There is
the lower limit for the number density of quasiparticles which are responsible for the pair-
breaking.

The theoretical results obtained in this section, i.e. the normalized number density of
guasiparticles, relaxation times of bursts, and statistical distribution of the broken Cooper pairs
per burst, are consistent with experimental results presented in [2].

Emphasize that presented here model is very simple.
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C. Nuclear physics

C1. Thefour-shell mode of atomic nucleus
The nucleons that an apha particle is composed of, occupies the vertices of the square with

the diagonal of the square equal to A + 4B. The side of the square and side of a cube
occupied by each nucleon is

a = (A +4B)/2"%=1.9125731-10 " m. (C1.1)

We can assume that the nucleons inside a nucleus are placed on the concentric spheres
where the distances between them equal &.. This means that the radius of the first sphere is

equal to /2. This, therefore, leads to the following formula for the radii of the spheres (they
are not the radii of the nuclei because the spheres have a thickness)

= (s—0.5) &, (C1.2)
wheres=1, 2, 3, 4.
The maximum number of nucleons placed on a sphere is (one nucleon occupies a square
with the area equal to 802)
An=4nrs?la’=4n (s—0.5)° (CL3)

i.e A1=3.14, A,=28.27, A3=78.54 and A, = 153.94.
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If we round these numbers to the nearest even number (nuclei containing an even number of
nucleons are more stable), we obtain the following series: 4, 28, 78, and 154. This means
that on the first four wholly filled spheres there are 264 nucleons. As we see by the first two

numbers, the sum of the first and third and the result of subtracting the third and second, and
the fourth and second numbers, we can see that the result is the well-known magic numbers of

4, 28, 82, 50, 126. This cannot be a coincidence which confirms that we are on the right path
in order to build the correct theory of an atomic nucleus. When the number of neutrons
becomes equal to one of the magic numbers then transitions of the protons between lower and
higher spheres occurs. This increases the binding energy of anucleus.

C2. Coupling constants and binding energy
According to SST, the spacetime as a whole is flat. According to Newton’s second law, in

the regular 3-dimensional Euclidean spaceis
F=dp/dt. (C2.2)

According to SST, constants of interactions G; are directly proportional to the inertial mass
densities of fields carrying the interactions. The following formula defines the coupling

constants (or running couplings), o, of al interactions (notice that IM; can be both mass or
massless energy responsible for interactions)

ai =G M, m/ (C h) , (C2.2)

where M; defines the sum of the mass of the sources of interaction plus the mass of the

component of the field, whereas m; defines the mass/energy of the carrier of interactions.
The strong coupling constant for pions exchanging the fundamental gluon loop (its massisa

little higher than a half of the mass of neutral pion, Mg = 67.544413 MeV) is ag =

o™= 1. Coupling constant for strongly interacting protons, at low energies (asitisin the
atomic nuclei), isag™" = 14.391187 wheress for strongly interacting neutrons isas' " =

14.410335. To the alpha particle, we can apply the mean value as™ = 14.400761. When
we accelerate a baryon, then there decreases the spin speed of the FGL so mass of it decreases
aswell — it leads to the running coupling for the nuclear strong interactions.

Assume that a carrier of interactions interacts ssimultaneously, for example, strongly and

electromagnetically. Then, strong mass is agM whereas electromagnetic mass of the strong

mass is OlemOLsIM. It leads to conclusion that resultant coupling constant o is the product, 11, of
coupling constants involved in the interactions

a=IIq. (C2.3)
When a carrier is a binary system then there appears the factor 2 i.e.
a=21Taq. (C2.4)

Due to the radial emissions of carriers of interactions or radial polarization of virtual pairs,
there isthe inverse square law
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F=GMm/r. (C2.5)

Applying formulae (C2.1) — (C2.5), we obtain
Jdpi=Tiaichl(1/) dt. (C2.6)
pv=Tlachl(1/rdr. (C2.7)
The radial kinetic energy, Exin, transforms into radiation energy, Eragiation, SO into binding

energy, Epinding, aswell i.e. Exin = PV / 2 = Eradiation = — Ebinding. We can rewrite formula
(C2.7) asfollows

Ebinding =—Jlogjch/ (2 r) . (C2.8
When we express this energy in M eV then there appears the factor F
Evinging [MEV] = Myinging =TT ai ch/ (21 F), (C2.9)

where F = 1.78266192162742-10 " kgiMeV.
Introduce symbol k

k=h/(2cF)=9.8663490-10" [MeV m] . (C2.10)
Formulae (C2.9) and (C2.10) lead to
Myinding [MeV] = —kITo;/r. (C2.11)

It isthe main formula.
Calculate the binding energy of electron in the ground state in hydrogen atom. We have

oy = Olem = 1/137.035999085012 and rg = 0.529177211-107° m. Applying formula
(C2.11), we obtain the Rydberg energy

Mpinging [MeV] = — 13.6056936 -10™° MeV . (C2.12)

Thisvalue is correct so we can assume that aso is correct our derived formula (C2.11).
Calculate the binding energy of the deuteron.

The muon radius of the proton is Ry,) = 0.840391 fm (see (2.19.7)). When nucleons are
in such distance then their spins must lie on the same direction. Such nucleons can interact due
to the nuclear weak interactions so from (C2.11) we have (notice that there is only one
direction of interactions)

When in (C2.13) we apply the value obtained by Bezginov, et al. (2019), i.e. Ry, =
0.833(10) fm (see Section 2.19), then we obtain 2.218(27) MeV. The best value we obtain
for 0.83057 fm, i.e. 2.224 MeV.
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Calculate the mean binding energy per nucleon in the alpha particle.

According to the SST, the two protons and two neutrons are placed in vertices of square
which diagonal is D = A + 4B = 2.7047843 fm, where A = 0.6974425 fm is the
equatorial radius of the core of baryons, whereass B = 0.50183544 fm. There are 6
directions of strong interactionsi.e. the 4 sides of the square and its two diagond directions. It
leads to conclusion that mean distance of strong interactionsis

R=[2D+4D /2" /6=21766423 fm. (C2.14)

The strong interactions of the four nucleons follow from the exchanges of the pions. It
means that they interact strongly, as'™ = 14.400761, and electromagnetically Olem, i.€.

IT o = Glem0ts " = 0.10508743 . (C2.15)

From formulae (C2.11), (C2.14) and (C2.15) we obtain the total strong binding energy for
the alpha particle

Mpindingtota [MeV] = =6 K dtemats " / R = — 28.5806056 MeV . (C2.16)

From the obtained absolute value 28.5806056 MeV, we must subtract the energy Eem
which follows from the electrostatic repulsion of the protons. The maximum distance between

the positively charged W 4 g=1 relativistic pions in the alpha particle is Ree = (A+4B) +
2(A+B). We assume that the two protons in the alpha particle behave in such a way that the
two W 4 ¢=1 are aways in the distance Ree. Then from the Coulomb’s law we obtain

Een =€/ (47 g6 Ree C* F) = 0.2821611876 MeV . (C2.17)
The mean binding energy per nucleon, AE, in the alpha particle is
AE = (mbinding,tota] + Eon) / 4=—-7.0746111 MeV . (C2.18)

C3. Model of dynamic supersymmetry for nuclel
From [1] results that the nucleons in a nuclei are grouped in following way

® = 2 protons and 2 neutrons,
@ = 3 protons and 5 neutrons,
I' = 3 protons and 4 neutrons,
Y =1 proton and 1 neutron.

The SST explains the above as follows

** A proton exists in two states with the probabilities:

y =0.50839 and 1 —y = 0.49161.

If we multiply these probabilities by two (for a deuteron) or by four (for an alpha particle),
we obtain the integers (approximately) because the probabilities are that y and 1 — Y have
almost the same values.

** A neutron exists in two states with the probabilities:

X =0.62554 and 1 — x = 0.37446.
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If we multiply these probabilities by eight, we obtain in the integers approximately 5

(5.004) and 3 (2.996). The 8 is the smallest integer which leads to integers (in
approximation). Such structures are the rectangul ar-prisms.

Table C3 Main path of stability of nuclei

ZXA O DI |V ZXA CHECHENE (% O 0 | I'Y
1H1 36Kr84 9 6 71Lul75 10 |16 |1
2Hedm 1 37Rb85 9 5 | 1|1 72Hf180 9 |18
3Li7 1 38Sr88m |10 | 6 73Tal8l 9 |17 |11
4Be9 1]1)|39Y89 10 | 5 |1 |1]74W184 10 | 18
5B11 1 1 40Zr90m |12 | 5 1| 75Rel87 9 |18 |1
6C12 3 41Nb93 11 | 5 |1 |1]760s192 8 |20
7N14 3 1|42M098 |10 | 7 1| 771r193 8 |19 |1]1
8016m 4 43Tc97 12 | 5 |1 |1]|78Pt194? |10 |19 1
9F19 3 1 44Ru102 |11 | 7 1| 79Aul97 9 |19 |1]1
10Ne20 5 45Rh103 |12 | 6 |1 80HQg202 8 |21 1
11Na23 4 1 46Pd106 |12 | 7 1| 81T1205 7 |21 |11
12Mg24 6 47Ag107 |13 | 6 |1 82Ph208m | 8 | 22
13A127 5 1 48Cd114 |10 | 9 1| 83Bi209 8 |21 |1]1
14Si28 7 49In115 |11 | 8 |1 84P0209 10 |20 |1 |1
15P31 6 1 50Sn120m | 10 | 10 85At210 12 | 20 1
16S32 8 51Sh121 |10 | 9 |1 | 1| 86Rn222 5 |25 1
17CI35 7 1 52Tel130 | 6 |13 1| 87Fr223 6 |24 |1
18Ar40 6 |2 531127 10 |10 |1 88Ra226 6 |25 1
19K 39 8 1 54Xel132 | 9 |12 89Ac227 7 |24 |1
20Ca40m | 10 55Cs133 | 9 |11 [1]1]90™232 6 |26
21Sc45 7 |1]1]1|56Bal38 | 8 |13 1| 91Pa231 8 |24 |1
22Ti48 8 |2 57Lal39 | 9 |12 |1 92U238 5 |27 1
23V51m 7121 58Cel40 |11 | 12 93Np237 7 |25 |11
24Cr52m | 9 | 2 50Pr141 |11 |11 |1 | 1| 94Pu244 5 |28
25Mn55 8 |21 60Nd142 | 13 | 11 1| 95Am243 7 |26 |1
26Fe56 10 | 2 61Pm147 |11 |12 |1 96Cm247 6 |27 |1
27Co59 9 |21 62Sm152 | 10 | 14 97Bk247 8 |26 |1
28Ni58m |12 |1 1|63Eul53 |10 |13 |1 |1|98Cf251 7 |27 |1
29Cu63 102 |1 64Gd158 | 9 | 15 1| 99Es254 7 |28 1
30Zn64 10 |2 |1 |1 |65Th159 |10 |14 |1 100Fm253 | 9 |26 |1 |1
31Gab9 9 |[3]|1]1]66Dyle4 | 9 |16 101IMd258 | 8 | 28 1
32Ge74 8 |5 1|67Ho165 | 9 |15 |1 |1]|102No256 |12 |26
33As75 9 |41 68Er166 |11 | 15 1| 103Lr256 14 | 25
34Se80 8 | 6 69Tm169 |10 |15 |1 | 1| 104Ku260 | 13 | 26
35Br79 10 |4 |1 70Ybl74 | 9 | 17 1
ZXA — denotes the atomic-number/symbol-of-el ement/mass-number
®=2p+2n=2He4; O =3p+5n, I'=3p+4n=3Li7; ¥ =p+n=1D2
? - denotes the discrepancy with the results in the periodic table of elements
m — denotes magic-number nucleus

** For a system containing 50% of the proton-type structures and 50% of the neutron-type
structures, we obtain the following probabilities

(X +Yy)/2=0.56696and (1L —x+1—vy)/2= 043304
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This factor is equal to 7 — then we obtain 3.969 i.e. approximately 4, and 3.031 i.e.
approximately 3.

A nucleus chooses a mixture of the states ®, @, I" and ¥ in such a manner the binding
energy was the greatest. The ® groups appear when the interactions of protons dominate
whereas the @ groups appear when the interactions of neutrons dominate.

Applying the model of dynamic supersymmetry for nuclei, we showed the abundances of
the structures ®, @, I' and ¥ in most stable nuclei — the path of stability is presented in Table
C3.

The consistency with the experimental data is very high — only one result is inconsistent
with experimental data. SST shows that the abundance of the 78Pt194 should be dlightly
higher than the 78Pt195.

It should be noted that the relativistic mass of the pions W ;) -1 decreases with the
distance from the core of the nucleon, so during their exchanges between nucleons at distances
greater than ~2.4 fm and less than ~6 fm, the volumetric binding energy per nucleon is higher
and increases with a decrease in the density of the atomic nucleus (there is an lower limit for
such density) — we can say that it is some analogy to the confinement of quarks in the Standard
Model.

Let us emphasize that the interactions in the states®, @, I" and ¥ are practically saturated,
i.e. the structures interact weakly.

To obtain the correct binding energies per nucleon in heavier nuclei (more than 56
nucleons) the average distances between nucleons in the structures 2p2n (~9.5 MeV/nucleon)
must be greater than those in 3p5n (~7 MeV/nucleon).
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D. Brain-mind interactions

D1. The brain-mind interactions
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Fig I1]1. Two different spin-configurations:
a) on smface of a torus/electric-charge
(perpendicular to smface),
b} along a mental line (ahgned).
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It is very important to unify the particle physics with the mental world via a single field.
Consider arrangements of spins of the neutrino-antineutrino pairs in the SST-As.

There are two different spin-configurations of entangled non-rotating-spin neutrino-
antineutrino pairs. One configuration leads to the tori/electric-charges whereas the second one
leads to the mental lines that can be closed (Fig.D1).

A mental soliton consists of crossing sets composed of concentric circles/loops built of the
non-rotating-spin neutrino-antineutrino pairs with aligned spins. Such tangled solitons are the
3-dimensional dark-matter structures. They are the flexible but stable structures and baryonic
matter is transparent for them.

Tangled circular electric currents, so those inside brains as well, create the mental solitons.
Our minds consist of such DM solitons. Due to the current decays and circuit breakers (for
example, neurons can do this), entangled smaller and smaller self-similar mental solitons are
produced.

Identical parts in different mental solitons attract each other, so there is a struggle for
dominance in the minds. Such processes are the origin of the mind-brain interactions.

Our memory isin the form of mental solitons in the mind.

By neglecting the dark-matter structures, we cannot fully understand Nature.

E. Chaostheory

E1l. Feigenbaum constants
Chaotic behaviour arises in ssimple non-linear dynamical systems|[1].
The Logistic Map iswritten as follows

Xner = Xn (L —Xp) , (E1.1)

where X, is a number between zero and one (the interval [0, 1]) that represents the ratio of
existing population to the maximum possible population, whereas r is a parameter. It leads to
conclusion that r is defined by the interva [0, 4]. There are many different logistic maps that
in the limit behave the same — it is the Feigenbaum universality. Such maps describe many
physical phenomena. Such maps have a similar shape i.e. have a single quadratic maximum.
The parameter I defines steepness of the maximum.

A single bifurcation is a splitting of one value into two values. Such bifurcations appear in
the Logistic Map for different values of the parameter . We let I, be the value of r at which a
stable 2" cycle first appears. At r = r; = 3 there is a splitting of one a branch into two i.e.
there appears an orbit of period 2'=2 ar= I, = 3.4494897... there is a splitting of two
branches into four (each branch splits into two) i.e. there appears an orbit of period 2° = 4, a
I = rz = 3.54409... there is a splitting of four branches into eight (each branch splits into
two) i.e. there appears an orbit of period 22=8 ar=r,=3.5644... there is a splitting of
eight branches into sixteen i.e. there appears an orbit of period 2* = 16, and so on. At the end
of the period-doubling cascade, i.e. at I = 3.569946..., there is the onset of chaos i.e. there

appears an orbit of infinite period (solution does not contain a periodic orbit) but there
sometimes appear islands of stability i.e. the period-doubling windows.

The bifurcation diagram for the Logistic Map isafunction X = f(r).
The first Feigenbaum constant results from a numerical work. It is given by the limit
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O = limp—o0 (fa — o) / (fh — r'n-1) = 4.6692016009... , (EL.2)
or

O = limp—e0 (fh2 — 1) / (fha — ') = 4.6692016009... (E1.3)

where I'y are discrete values of I at the nth period-doubling. We can see that the successive
bifurcations are separated by a distance that asymptotically decreases geometrically by the
factor 0.

In the Chaos Theory there is defined an operator that performs the iteration and rescaling.

Such operator has a fixed point solution for a particular value of a (it is the second
Feigenbaum constant)

o ~2.50281... . (EL4)

For the strong field in baryons we obtain (see formula (A2.3))

o = eararong=1/00+1/ 11 +1/2! = 2.500. (EL5)

It is very close to the second Feigenbaum constant. The gluon loops outside the strong fields
of baryons behave as the photon loops, so the structure of proton leaks outside the nuclear
strong field and can have an influence on behaviour of physical systems.

The successive symmetrical decays of the boson ., = Mg = 750.29577 MeV (the
bifurcation) lead to the TB orbits. The boson which reaches the last orbit for the strong

interactions has mass r,.; = Mg/4. On the other hand, the fundamental gluon loops (I, =

MeeL. = 67.54441 MeV) that outside the nuclear strong fields behave as the photon loops,
leak outside the strong fields of baryons. So in SST, the first Feigenbaum constant can be
defined as follows (it isan analog to formula (E1.3))

o= (MTB —Mts / 4) / (MTB /4 - m,:GL) = 4.688 . (E1.6)

Such phenomena should be characteristic also for the SST gravitational black holes.

Emphasize that the origin of the Chaos Theory isrelated to the leakage of the nuclear strong
part of the atom-like structure of protons — there are the emissions of the virtual gluon loops
that outside the nuclear strong fields behave as the photon loops that interact with the
electrically charged particles/structures such as protons, ions, atomic nuclel and electrons.
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F. Quantum physics

F1. Quantum physicsin SST

Here within the SST we derived the fundamental equation of the Matrix Quantum
Mechanics i.e. the commutator. The fundamental equation results from the quantum
entanglement that leads to the infinitesmal transformations. In reality, the Matrix Quantum
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Mechanics that describes excited states of fields (i.e. the quantum particles) is timeless and
non-local i.e. non-deterministic. But the Matrix Quantum Mechanics leads to the time-
dependent, so deterministic, wave functions that are characteristic for the Statistical Quantum
Mechanics. It is the reason why the wave functions appear in the equations of motion. The
Statistical Quantum Mechanics or the Quantum Theory of Fields, are the semiclassical/semi-
guantum theories.

The presented here extended Matrix Quantum Mechanics leads to the methods applied in
the Quantum Theory of Fields but there appear some limitations.

The idea of existence of many separated parallel worlds is incorrect.

In SST, in descriptions of interactions, most important are tori/charges and loops,
especially the gluon loops and photon loops, so asit isin the Matrix Quantum Mechanics, we
can start from the definition of commutator applied in the ring theory

[I,B] =IU-UI, (FL.1)

where | and U are some quantities associated with aring.
For aspin-1loopis

Eioop Titetime = h, (F1.2)

where Eloop = Mioep c? defines the mass/energy of aloop, and Titeime iSits lifetime (lifetime
of aloop isequal to its period of spinning). Lifetime of avirtual loop isinversely proportional
to its mass/energy.

There can be a virtual loop/system composed of N entangled spin-1 loops. Denote the
energy/mass of a virtual loop, labeled by N, by iE, (i = —1 because virtual objects produce
in field holes with negative mass) whereas its lifetime by T,. Then we obtain

(E)Ta=h. (FL3)

Emission or absorption of one etanglon (its mass is infinitesimal in relation to mass/energy
of the loops) by a system changes its spin by +1h. Define a change (an amplitude) in mass
under the infinitesimal transition from loop labeled by N to loop labeled by Kk by E,, x whereas
a change (an amplitude) in lifetime due to the same transition by T, k. The set of the all Ep

elements is the matrix. The same concernsthe T, k. Formula (F1.3) for such a system looks as
follows

(i En) Tk =nh, (F1.4)

where N denotes the number of entangled loops whereas the pairs N,k label the amplitudes
concerning masses and lifetimes. Such isthe correct interpretation of the Heisenberg matrices.
There can be matrices for other physical quantities such as energy, position, velocity, square
of velocity, and so on. But for interactions described within the time-independent Matrix
Quantum Mechanics most important is formula (F1.4).

A measurement of, for example, lifetime of a system changes its configuration of
mass/energy so the matrices for mass/energy and lifetime does not concern the same
configuration. This means that these two physical quantities do not commute.
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The generality of the derivation of the commutator will not be limited when we will start
from the simpler formula (F1.3). Calculate value of the commutator defined by formula (F1.1)
for | = E, and U = T,. Assume that some observed/interacting system consists of N
entangled spin-1 loops that spins are parallel (but there can be more loops that we can group
in pairs and the spins of the constituents of the pairs are antiparallel). Then for the whole

system labeled by N we obtain
(iE)Tn=nh. (FL5)

Assume that a component of the system emits the superluminal spin-1 entanglon so the
change in spin ism = N £ 1. Mass of the system decreases i.e. E,, = E, — E whereas
lifetime islonger T, = T + T. Due to the entanglement, the changes are infinitesimal so T
- Oand E > 0. Dueto the emission is

(i Ev) Tm=mA. (F1.6)
Calculate the value of the commutator

For T > Oand E = 0O, i.e. under infinitesimal transformation of the lifetime and energy of
the system, we obtain

[En, Tul =—(xh/i)=+ih. (FL8)

It is easy to notice that equation (F1.8) is valid for all quantum particles, i.e. for all values
of N, when the changes in lifetime and mass are infinitesimal.
On the basis of equation (F1.4), we can rewrite equation (F1.8) asfollows

[Enk, Tmy] =z i h. (F1L.9)

The equation (F1.9) is the fundamental equation in the Matrix Quantum Mechanics. We
showed that this equation follows from the superlumina quantum entanglements with
infinitesimal changes in energy and lifetime.

Denote the matrix Enx by t,, the matrix Tm, by tg whereas £1 by €45, where g,4p is+1 if
Y, o, B isan even permutation or —1 if vy, o, B is an odd permutation. Then, for matrices that

arethe spin 1 (i.e. 1) representation of the Lie algebra of the rotation group, we can rewrite
eguation (F1.9) as follows

[ta ) tB] =1 Eyap tY (Fl.lO)

It is the fundamental equation applied in the non-Abelian gauge theories [1]. The gauge
invariance we obtain assuming that the Lagrangian is invariant under a set of infinitesimal
transformations on the matter fields. It is some analogy to the infinitesmal transformations on
the masses of the loops in a set of entangled loops.

We can see that presented here the Matrix Quantum Mechanics based on the entanglement
and constancy of spin of the loops in a set of entangled loops leads to the methods applied in
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the Quantum Theory of Fields (QTFs). Why we must apply the infinitesimal transformations
in the Quantum Physics? It follows from the very small inertial mass of the carriers of the
entanglement i.e. of the superluminal binary systems of closed strings. What is the physical

meaning of the elements of the matrix En, x? The N and k numbers number the entangled loops

in asystem so the E,, k are the amplitudes of transitions between different or the same loopsin
the system. Their squares define the rates of the transitions. But the QTFs is the incomplete
theory because of one weak point. Within this theory we neglect internal structure of the bare
fermions. This causes that there appear the singularities and infinite energies of fields. The
infinities are eliminated due to the procedure that we refer to as the renormalization. This
procedure follows from the incorrect formula which can be written symbolically as follows:

oo — oo = C = congtant # 0. The C can denote, for example, the bare mass of electron. It
leads to conclusion that in reality the bare electron is not a sizeless point. The renormalization
partially corrects the wrong initial condition but we still neglect the internal structure of the
bare particles, for example, the shapes and dynamics (that leads, for example, to the internal
helicity) that are very important in the theory of the nuclear strong and weak interactions. This
causes that the QTFs is the messy theory.

What is the correct interpretation of the wave function? Due to the superluminal
entanglement of the SST-As components in their excited states, in this spacetime can appear
the quantum particles. The initial configuration/distribution of the entangled constituents of a
guantum system changes with time. We can say that some configuration disappears and there
appears the next one, and so on. There are not continuous trajectories of the components of
the quantum system between the succeeding configurations. The succeeding configurations
depend stepwise on time. But in an approximation we can say about a time-dependent
statistically averaged distribution that is coded by the wave function of the quantum system.
In redlity, due to the superluminal entanglement, for a defined time, the positions of the
components of the quantum state are well-defined. Due to the superluminal quantum
entanglement, we find a particle in a place of measurement — the measurement and
entanglement cause that a set of entangled states collapses to one of allowed quantum states.
Due to the stepwise dependence on time, the equations of motion for a wave function are only
some approximation of the quantum reality, i.e. it is some statistical approximation.

Emphasize that according to SST, even pure energy, as for example the rotationa energy,
have to be carried by physical volumes and the smallest volumes/pieces-of-space (i.e. the SST
tachyons) the other particles consist of cannot be simultaneously in two or more different
states so the superposition is the wrong idea. But different parts of the same bigger particle
can be smultaneoudly in different states — notice that it is not the superposition.
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G. Extraterrestrial communication

G1. Wow! signal
Here we show that in the Wow! signal, an extraterrestrial civilization coded the phase
transitions of the initial inflation field and many other fundamental ideas.
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The Wow! signal was a radio signal received on August 15, 1977, by Ohio State
University’s Big Ear radio telescope [1]. Most of its operation was in the 21-cm radio band.
The receiver covered an 8-M Hz bandwidth from 1411 to 1419 MHz.

The string of numbers and characters “ 6EQUJ5” we see in channel 2 of the printout [1].

The signal-strength sequence “6EQUJS” in channel 2 of the computer printout represents
the following sequence of signal-to-noise ratios [1]:

6. 6(upto?)
E: 14 (upto15)
Q: 26 (upto27)
U: 30 (upto31)
J. 19 (upto 20)
5. 5(upto6)

The intensity received (for example, “E”) means that the signd was 14.5 + 0.5 times
stronger than the background noise.

Notice that each element in the signal is defined by two numbers (the lower and upper limit)
differing by one.

In the printout, the noise is defined by empty place: we can assume that there is zero.

Notice that the two first numbers in the Wow! signal are 6 and 14 (E). Let’s check if they
can define the true length of the Wow! signal.

The first number 6 defines number of elements in the main part of the Wow! signal. On the
other hand, we have 14 = 6 + 8. This suggests that the signal sender indicates that he also
uses eight numbers after the main part of the signal. A sequence of numbers immediately after
it is 01100100 (see Fig.G1 and [1]). The second part consists of the low-vaue signal-to-
noise ratios.

001
060
1E?
000
0U3
201
051
001

Fig. G1. Wow! signal
and its smroundings.

How we can interpret it? We can assume that the second part of the string, i.e. the part
composed of the zeros and ones, i.e. the part composed of the low-value signal-to-noise ratios:
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“01100100", shows whether we correctly measured the signal-to-noise ratios for the main
part “6EQUJS”. We know that in the binary system, the sequence 01100100 represents the
number 100. On the other hand, the sum of all numbers in the main part also is 100

6+E+Q+U+J+5=6+14+26+30+ 19+ 5= 100.

It leads to conclusion that measured by the Ohio-State-University team the signal-to-noise
ratios for “6EQUJIS” are correct.

The main part consists of 6 elements. Let's create two groups each containing three
elements and calculate the sum of numbers.

For “6EU” is
6+E+U=6+14+ 30=50,
and for “QJ5” is
Q+J+5=26+19+5=50.

The sums are the same so such adivision is justified.
We can use as well the English alphabet for our numerology analysis:

1(A), 2 (B), 3(C), 4 (D), 5 (E), 6 (F), 7 (G), 8 (H), 9 (1), 10 (3, 11 (K), 12 (L), 13 (M),
14 (N), 15 (0), 16 (P), 17 (Q), 18 (R), 19 (S), 20 (T), 21 (U), 22 (V), 23 (W), 24 (X), 25
(Y), 26 (2).

Calculate the sums:

“6EU” =6+ 5(E) + 21 (U) = 32,
“QI"=17(Q)+10(9) +5=32

Such an incredible double coincidence must lead to important information.

In Section 2.14, we described the degrees of freedom of the fundamental objects that
appeared in our Cosmos due to the phase transitions of the SST initia inflation field. To
simplify the description we rewrite the main equation and Table 4 (see (G1.1) and Table G1).

If N denotes the degrees of freedom then for the rotating-spin loops/closed-strings and the
SST coresis

N=]8(d—-1)+2], (GLY)

whered=0,1, 2,4, 8.

From (G1.1) we obtain respectively 6, 10, 26, 58 and 122. Notice that rotational energy
has 2 degrees of freedom.

The Wow! signa is a sequence of the signal-to-noise ratios — each element changes its
value fromnto (N + 1), for example, for 6 is 6 up to 7. It suggests that following formulais
very important in deciphering the Wow! signal

N=2e¢[n+(n+1)]. (GL2)
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We can use this formula for the transition from nto N or transformation from N to n.
For the all elements in the complete Wow! signal (i.e. the 14 = 6 + 8 elements), i.e. for 6,
E, Q, U, J 5, 0and 1, and the elements in the closest surrounding of the signal we obtain

6ieN=6soN=2+(6+7)=26

Eien=14soN=2¢(14+ 15) =58
Qien=26s0N=2¢(26+27)=106i.e 10and 6
Uien=30soN=2¢(30+31) =122
Jien=19s0oN=2+(19+20)=78

Sien=5sN=2¢(5+6)=22

Oien=0soN=2¢(0+1)=
lien=1soN=2+(1+2)=6
2ien=2soN=2+(2+3)=10

3ien=3soN=2¢(3+4) =14 (tisthe E that leads to 58)

We can see that the SST degrees of freedom are indeed encoded in the Wow! signal.

Table G1 Degrees of freedom of fundamental objects

Neutrino-antineutrino (NA) pair

Stable object Co-ordinates and quantities needed to
describe position, shape and motions
Tachyon 6 (they always are spinning)
Closed string 10 for rotating spin or
Entanglon 8 for non-rotating spin
Neutrino 26 or 24: 8 for entanglons on torus

8 for entanglons in condensate
8 (or 10) for the core as awhole

Core of baryons
Electron

58 or 56: 24 for NA pairs on torus
24 for NA pairs in condensate
8 (or 10) for the core as awhole

An abstract core of Protoworld
composed of the baryonic core-anticore
(CA) pairs

122 or 120: 56 for CA on torus
56 for CA in condensate
8 (or 10) for the core as awhole

We can see that the numbers 106, 78 and 22 do not result from formula (G1.1).

But notice that we have

Ny = {[6+ 0] +[6+ 0] + 10} = 22. (GL3)

It is a “gaseous’ torus with central ball/scalar both composed of the SST tachyons. The
tachyons interact due to the dynamic viscosity which leads to the most fundamental force.

Theredsois

Ng = {[24 + 10] + [24 + 10] + 10} = 78. (GL.4)
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It is a torus with central ball/scalar both composed of the non-rotating-spin SST-As
components which exchange the rotating-spin entanglons (they are responsible for the
guantum entanglement).

Therealsois

Niog = {[24 + 24] + [24 + 24] + 10} = 106. (GL5)

It is a torus with central ball/scaar both composed of the non-rotating-spin SST-As
components which exchange the SST-As components.

When we negllect the stable superluminal objects that cannot be observed directly (i.e. 6 and
10) then the SST leads to following sequence for stable objects

Stable: 26, 58, 122 (it relatesto 6EU = 32),
and to following sequence for meta-stable objects
Meta: 22, 78, 106 (it relatesto QJ5 = 32).

Notice that sum of the numbers in each sequence is 206 i.e. is the same. The probability of

such a strong coincidence (i.e. 32 and 32, and 206 and 206) as a result of the case is
practically equa to zero. It suggests that the Wow! signal was emitted by an Extra-Terrestrial
Intelligence (ETI).

Notice that two elements in Wow! signal with highest signal-to-noise ratios, i.e. Q(26) and
U(30), are the numbers of protons and neutrons in iron 26F€? * 39 whereas the two lowest
ratios, i.e. 5 and 6, are the numbers of protons and neutrons in boron 5B(5 *O gt forces the
division of the Wow! signal into three pairs. QU, EJ and 65. On the other hand, according to
SST, the ratios of the angles in the PMNS neutrino-mixing matrix are 4 . 5 : 1 (see Section
2.24). We showed that an ETI suggests following pairing of the Wow! signa elements: QU,

EJ and 65. Differences in the signal-to-noise ratios for the components of the pairs are as
follows:

U-Q=30-26=4
J-E=19-14=5
6-5=1

The ratios of obtained differencesare (U - Q) : (J-E) : (6-5)=4:5: lasitisinthe

PMNS matrix.
We can show that also the fine-structure constant is encoded in the Wow! signal. The

inverse of the fine-structure constant leads to a sequence: 1, 3, 7, 0, 3, 6. Using formula
(G1.2) two times to each cipher in this sequence, we obtain:

1s02¢(1+2) =6 (Wow and Stable) so 2¢(6 + 7) = 26 (Wow and Stable)

350 2¢(3+ 4) = 14 (Wow) so 2¢(14 + 15) = 58 (Stable)

7 50 2+(7 + 8) = 30 (Wow) so 2+(30 + 31) = 122 (Stable)
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Oso 20+ 1) = 2 (rotation) so 2¢(2 + 3) = 10 (Stable)
350 23+ 4) = 14 (Wow) so 2¢(14 + 15) = 58 (Stable)
6 50 2¢(6 + 7) = 26 (Wow and Stable) so 2+(26 + 27) = 106 (M eta)

The probability of such a strong coincidence as a result of the case is very low. It suggests
that the Wow! signal was emitted by an Extra-Terrestria Intelligence (ETI).

Emphasize also that the Wow! signal leads to two isotopes i.e. 6C14 and 145 30 \which select
the numbers 6, 14 (E) and 30 (U) in the order recorded here. Such order leads to the number

137.

The Wow! signal leads to discoverer of the Planck constant.

In SST, we showed that the reduced Planck constant is the most fundamental physical
constant because it was set first at the start of inflation.

Rank the signal-to-noise ratios from the largest to the smallest

U,Q,J E 6,5=30, 26,19, 14,6,5.

Let’s consider the differences between the signal-to-noise ratios (for ratios arranged from the
largest to the smallest): 4, 7, 5, 8, 1 or (for ratios arranged from the smallest to the largest): 1,
8,574

Theciphers4 and 7 lead to 1047 (date of M. Planck’s death).

The ciphers 5 and 8 lead to 1858 (date of Planck’s birth).

The ciphers 1 and 8 lead to 1918 (date in which the Nobel Prize for quantifying the
radiation of a black body was awarded (received in 1919) to Max Karl Ernst Ludwig Planck).

Notice that the first ciphers 4, 5, 1, are the same as the ratios of the neutrino-mixing angles.
Many other coincidences suggest that the Earth is monitored by an ETI.
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H. Cosmology and astrophysics

H1. Rotation curves of disc galaxies outside their bulges

The DM loops can interact weakly with baryonic matter. But in baryonic plasma can be
created also the photon loops and gluon loops so in spinning galaxies, the other interactions
can berealized as well.

Internal energy of aloop isdefined as follows

— 2
Virtual mass m* that is the mediator of the interactions of the DM loops with the actual

baryonic mass, Mgy, of avortex, is defined by the product of the baryonic mass Mgy, and the
coupling constant that defines a type of weak interactions. The DM loops interact via the
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virtual electron-positron pairs (Clw(e = 0.951118188679747-10_6) and spin speed of loops
and virtual pairsisequal to C so for the mediator we have

E = 2 Glw(e) Mam C°, (HL1.2)

where the factor 2 follows from the fact that there are virtual pairs, not single particles.

The energy defined by (H1.2) was adopted by the spinning initial baryonic matter My gy SO
we have

E=Myem Vspin2 , (H1.3)

where Vgin is the observed orbital speed of stars outside the bulge of spinning galaxies.
From (H1.2) and (H1.3) is

Vgin = C (2 Olw(e) MBMm / mo,BM)llz . (H1.49)
Single protogalaxy was composed of 4*° NBHs so its baryonic mass was
Mprotosm = 4'° - 24.81 Mgy, = 1.066:10" Mgy, (HL5)

where M g5, is the mass of the Sun.

From (2.26.1) and (2.26.2) results that singlets, doublets, quadrupoles, and octopoles of
protogalaxies were most numerous. From the structure of Milky Way (MW) Galaxy follows
that initialy there were 4 protogalaxies (Fig.H1).

The MW initially was a quadrupole so it was a binary system of binary systems. It means
that we should observe 2 mgjor arms and 4 minor arms. The initial distance between the 2-
protogalaxy systems was bigger than the distance between the protogalaxies in the single
binary systems. It caused that initialy the temperature along the direction defined by Scutum-
Centaurus arm and Perseus arm was lower than for the two other directions — it leads to
conclusion that the two major arms should contain old stars while the four minor ones should
contain younger stars and gas.

Protogalaxies
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Fig H1.

Orientation of arms i the very early Milky Way.
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The observational data show that there are the two mgor arms (the Scutum-Centaurus and
Perseus) containing old stars, and three or four minor ones (the Norma, Carina-Sagittarius,
Orion-Cygnus, and ?) containing gas and young stars. Probably the Norma arm is composed
today of two very close arms which practically overlap (Norma and Norma-bis?).

The spiral galaxies that evolved from binary systems of protogalaxies should have only two
main arms. The M31 galaxy (Andromeda) evolved from 8 protogal axies so the arrangement of
the magjor and minor arms should be more complicated.

For MW from (H1.4) we have

Vgpinmw = C {2 Olw(e) MBM I (4 Mproopm)} vz (H1.6)

Today the mean rotation velocity of the Milky Way for the approximately flat part of the
rotation curveis[1]

so from (H1.6) we can calculate the present-day baryonic mass of MW
Mem mw = 1.41(17)-10" Mg, . (H1.8)

The rest of the initial baryonic mass is outside the MW halo — it is the mass of the dwarf
galaxies and the intergalactic gas.

The mass of DM is about Npyem = 5.38979 times higher than the baryonic mass (see
(3.1.4)) so the total mass of MW should be close to

MMW = MM mMw (1 + NDM/BM) = 090(11)1012 MSun . (Hl.9)

Consider the initia stage of the baryonic part of the Universe. There were the two
cosmological baryonic loops that created the gluon loops overlapping with the baryonic loops.
Such plasma was cold because the NBHSs are the cold objects. It means that the interactions
between the gluon loops and baryonic loops were via the single FGLs at low energy so the

coupling constant is as = 1. From (H1.6) we have

Radius of the two cosmological loops was Reosmologica = 0.1911 Gly so the period of
rotation, T cosmological, Was

The tidal locking (or a mutual spin-orbit resonance) of the Moon and the Earth caused that
the rotation and revolution periods of the Moon are the same. Similar processes caused that the
period of rotation of protogalaxies (so of the present-day galaxies as well) was (and still is)
equal to the period of spinning of the two cosmological |oops composed of the protogal axies.



132

References

[1] Mareki Honma, et al. (25 December 2012). “ Fundamental Parameters of the Milky Way
Galaxy Based on VLBI Astronomy”
Publ. Astron. Soc. Japan (25 December 2012), VVolume 64, Issue 6, 136
https://doi.org/10.1093/pas/64.6.136

H2. Age of the Universe from the degree of curvature of the major arms of the massive

spiral galaxies

We aready proved that the correct age of the Universeis21.32(1) Gyr.

Ludwig et al. (2009) derived solar ages from 1.7 to 22.3 Gyr [1] —we can read it in some
recapitulation concerning the ages of stars [2]. The upper limit is very close to the age of the
Universe obtained within SST — we claim that we cannot see the initial period 7.53 Gyr of
evolution of galaxies.

a major
galactic arm

Fig HX.1
The degree of curvature I?) = 450°.

Here we show that the degree of curvature of the major arms of the massive spiral galaxies
leads to the SST age of the Universe.

Here the degree of curvature B [°] is the central angle defined by a major arm of a spiral
galaxy (Fig.H2.1).

The mutua spin-orbit resonance caused that the period of rotation of protogalaxies (so of
the present-day galaxies as well) was (and still is) equal to the period of spinning of the
baryonic part in the very early Universe (see (3.7.1))

For a constant mass of aloop with increasing radius, from the conservation of spin, we have
I ~ 1/Vgin. From definition of period of spinning is T = 2ntr/vein so we have T ~ 1/V3pin2.

From formula (2.4.23) is oL ~ Vgin SO we have
T~1/a?. (H2.2)
The period of rotation T cosmologica = 1.201 Gyr should be characteristic for the edge of the

gaactic bulge or edge of the centra bar where the galactic arms begin. On such edge, the
nuclear strong (os = 1) and nuclear weak interactions (o) = 0.0187229) dominated. On
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the other hand, on the edge of the baryonic disc dominated the nuclear strong interactions so
from (H2.2) we have

f = Tend / Toosmologica = [(0ts + 2 atw(p) / atg® = 1.0763, (H2.3)

where Teng isthe period of spinning of the end of the major arm, i.e. rotation on the end was a
little slower than rotation near the central part. The delay is

AB =360°—360°/ f = 25.52 degrees per 1.20 Gyr . (H2.49)

Persens arm

[3=453°

Fig H2.2

Perseus arm m the Milly Way.

We can see that the Milky Way has already turned N =~ 17.8 times (21.32 Gyr / 1.20
Gyr = 17.8) so the degree of curvature for the major arm (Perseus arm) should be

Bvw=AP N =453%0r so0. (H2.5)
Anditis(Fig.H2.2 and [3]).

For the spiral galaxy BX442 at the time distance 10.7 Gyr we obtain Bgxas2 = 226° or so
—anditis(Fig.H2.3 and [4]).

the major
galactic arm

B =226°

Fig H2 3
The major arm in galaxy BX442.
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For the spiral galaxy ISOHDFS 27 at the distance 6 Gyr from the Earth we obtain

BisoHprsz7 = 326° or so.
Anditis(Fig.H2.4 and [5]).

We showed that both the energy density of CMB and the curvatures of the mgjor arms in
massive spiral galaxies lead to the age of the Universe about 21.3 Gyr. Moreover, curvature
of arms of such galaxies in most distant observed Universe, because we cannot see the initial

period 7.53 Gyr of evolution of the protogal axies, should be about 160 degrees.

the major arm
m ISOHDFS 27

Fig H? 4.The major arma imn ISOHDFS 27.
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H3. Conditions for intensive evaporation of black holes

The SST black holes (BHs) are the NBHs or are the associations of NBHs and neutron stars.
It follows from the fact that the very strong short-distance quantum entanglement between the
SST-As components on the torus in the core of baryons causes that the cores are indestructible
in conditions that can happen in the today inner Cosmos. Moreover, the strong interactions in
the neutron stars between the neutrons fix the effective distance between them in such a way
that the cores of neutrons do not overlap even partially.

In spinning nuclear plasma are conditions to create the dark-matter loops and the gluon
loops that outside the nuclear strong fields behave as the photon loops. They all are composed
of the SST-As components so their resultant speed must be equal to C. It leads to conclusion
that when spin speed of the loops cannot be equal to C (due to their interactions with matter
which is spinning with speeds lower than C) then there are forced their motions in direction
perpendicular to the plane on which they lie.

Accretion discs of BHs lie on planes parallel to planes of the equators of BHs so the created
loops are concentric and their centres overlap with the BH axis of rotation. It leads to
conclusion that the created loops and matter interacting with them move along the rotation
axis of BH. Mass of NBHs must be invariant and due to the tremendous dynamic pressure in
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the SST-As, such spacetime should be flat. This means that the accreting baryonic matter can
create new NBHs or/and such matter isintensively emitted along the BH rotation axis.

The collapse of the Protoworld forced the inflows of the DM loops into the SST BHs — this
caused their collisions so some BHs were eaten by others, which converted neutron matter into
nuclear plasma. The mass of the black holes decreased rapidly. Only their central parts have
survived.

The Universe swelled at the expense of the zero-energy field thickening by incoming dark
energy and partly due to the pressure exerted by the CMB created.

H4. The main equation in theory of gamma-ray bursts (GRB)
Here, using the SST, we derived the main equation in theory of GRBs and used it to
describe the GRB 080916C. Such theory is closely related to the theory of NBHs which is

related to the theory of baryons.
From formula (1.4.25) we have

4
tBurst = TLifeime ~ 1/ M, : (H4.1)

where M is the mass of a condensate or loop composed of the SST-As components or of a

star, and tgyrg isthe duration of a burst.
Emission during creation of a ball/condensate is due to the weak interactions.
The weak mass of NBH is

Mweak = Q) MnBH | (H4.2)

where oyp) = 0.0187229, and Mngn = 24.81 solar masses.
The strong mass of NBH at low energy (the NBHSs are the cold objects) is

MStrong = os MngH (H4.3)

where ois = 1.
The period of transition of a mass from the Ajngr) + Binnery Stateto Ajngry = 36.64 km
state, where Ajgry / Bineny = 1.3898, due to the strong interactions, is

tstrong = Bi/c. (H4.4)

For the weak interaction, which is weaker, the speed of transition is lower.
From formulae (H4.1)-(H4.4) we have

teursNeH / tsrong = (MngH / Mwe)” . (H4.5)
It leads to
tewstnen = (Biveny / ©) / ag) = 716 s. (H4.6)
From (H4.1) and (H4.6) we have

taus = 716 (M/ Mygn)* [seconds] , (H4.7)
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where M [solar masses| is mass of captured star by NBH.
Equation (H4.7) isthe main equation in the theory of GRBs.
Some baryonic analog to stars captured by NBH looks as follows

M/ Mngn = Meatice / Mneutron - (H4.8)

Number density of GRBs should be higher for stars that masses relate to the uncharged
scaars (they are the Y central condensate in baryons and the uibare/2 central condensate in
muons) and uncharged pseudoscalars (they are the neutra pions) — from formulae (H4.7) and
(H4.8) we obtain that durations of such GRBs are 30 seconds, 0.007 second, and 0.3 second
respectively which is consistent with observational data. Higher number density of GRBs
follows from the fact that the nuclear energy produced in center of starsis easier transferred to
their surface by uncharged and spin-0 objects so such stars are less stable — it leads to higher
abundances of such GRBs.

Consider a star or binary system of stars with total mass which relates to mass of the
hyperon A = 1115.3 MeV. From formulae (H4.7) and (H4.8) we obtain that some stellar
analog to the hyperon A has mass equal to M, = 24.81-1115.3/939.57 = 29.45 solar masses,
i.e. such star is more massive than NBH. From (H4.8) we obtain that the burst should last

tBurSt,GRBOBO916C = 716 (MA / MNBH)4 = 1422 s= 23.7 min. (H4.9)

In the final stage there should appear new NBH while the mass equal to 29.45 — 24.81 =
4.64 [solar masses] should be emitted as the gamma rays. Since total energy of the Sun is

about 1.8:10™ erg so emitted isotropic energy should be about 4.64-1.8-10%* = 8.4-10™ erg.
We can compare these results with data obtained by the Fermi LAT and Fermi GBM
Collaborations[1]. They obtained ~1400 s and ~8.8-10°* erg respectively.

References

[1] The Fermi LAT and Fermi GBM Collaborations (27 March 2009). “Fermi Observations
of High-Energy Gamma-Ray Emission from GRB 080916C”
Science VOL 323, pp: 1688-1693
https://www.openu.ac.il/personal _sites/yoni-granot/papers GRB080916C _Science.pdf

H5. New theory of the Solar System

Here we show that the Titius-Bode (TB) law is a characteristic feature of the surroundings of
various types of black holes. Only a star that is a remnant of a black hole may be surrounded
by rings (or planets) whose radii (or semi-major axes) are defined by TB law. We explained the
origin of Neptune and other massive planets, Kuiper belt and Oort cloud.

The structure of protons, because of the virtual processes in the SST-As and due to the
adoption symmetry, leaks outside them — it concerns all the SST types of black holesand it is
valid for al size scales. Such is aso the origin of the Titius-Bode law for the gravitational
black holes — the successive symmetrica decays of the nuclei containing 256 nucleons
additionaly inforce the adoption symmetry. The initial rings around a black hole were
produced in accretion disc.

In the TB law for the Solar System, we have

A* [ B* =1.3898, (H5.1)
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A* +2B* =1au, (H5.2)

soweobtain A* = 0.41 au and B* = 0.295 au.
Ranges of objects are inversely proportional to their masses so we have:

A* relates to atomic mass number equal to 256 — it is the semi-major axis of Mercury,
A* + B* relates to atomic mass number 256 too but it decays to two parts (for Venus),
A* + 2B* relatesto 128 (for Earth),

A* + 4B* relatesto 64 (for Mars),

A* + 8B* relatesto 32 (for the asteroid/dwarf-planet Ceres),

A* + 16B* relatesto 16 (for Jupiter),

A* + 32B* relatesto 8 (for Saturn),

A* + 64B* relatesto 4 (for Uranus),

A* + 96B* relates to 3 (for Neptune): it is not the TB orbit,

A* + 128B* relatesto 2 (for Pluto),

A* + 256B* relatesto 1: it is outside the Kuiper cliff so such orbit can be empty. (H5.3)

Assume that a progenitor of the Solar System was a black hole composed of 4* = 256
NBHSs so the mass of the progenitor was

where MygH = 24.81 solar masses.
Now the central massis

M s, = 1.9885-10% kg . (H5.5)

Range is inversely proportional to mass so the semi-major axes of the rings increased
following number of times

F = Mprogenitor / Msun= 6352.. (H5.6)
At the beginning, the radius of the Mercury ring, ABeginning, was equd to
Ageginning= G Mprogenitor/ € = 9.379-10° m . (H5.7)
Now the semi-mgjor axis of Mercury should be
Anow= F Ageginning = 5.958-10" m = 0.398 au . (H5.8)

This valueis very close to the actual semi-major axis of Mercury Amercury,actua = 0.387 au.
The difference is ~3%.

Can we show that the relationships between the gravitational black holes and the strong
black holes in baryons are not only related to the TB law?

Mass of the charged core of baryons is H* = 727.4387 MeV. It interacts
electromagnetically viathe bare electron-positron pair which mass is 2Mg pae = 1.0208 MeV.
Assume that mass of the Sun, M g, relates to H* while the sum of the masses H* and 2Me bare
relates to the total mass of the Solar System M gyjar-system — then we obtain
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Thisvalue isin perfect agreement with the observational data (see page 10in [1]).

The Oort cloud contains the long period comets and extends from between ~2,000 and
~5,000 au to ~200,000 au from the Sun [2]. The models based on the observations of the
comets suggest that the Oort cloud is divided into two regions. a spherical outer cloud and a
scattered disc [3]. Asthe distance from the Sun increases, the scattered disc expands more and
more in the directions transverse to the disc.

With time, the initial black hole was replaced by the Type-la supernova. Here we show that
the Oort cloud was formed due to the scattering of matter on the Mercury orbit during the
Type-la supernova (SN) explosion.

In SST, the key role in fermions plays torus. The strong interactions in baryons are
associated with the radial motions of gluons emitted by a torus — such interactions, because of
the internal structure of the torus, are possible only in hadrons. The electromagnetic
interactions relate to the toroidal motions in the plane of the equator of the torus, while the
weak interactions relate to the poloidal motions. We can see that the three motions are
orthogonal! The poloidal motions are perpendicular to the equatoria plane of the torus so they
scatter the radial and toroidal motions.

Most of matter on the Mercury orbit, because of the conservation of the angular momentum,
was scattered in the plane of the Mercury orbit. The scattered disc-like region in the Oort cloud
isaresult of the increasing spin speed of the thin matter torus that overlapped with the Mercury
orbit so it was due to the electromagnetic interactions at high energy. On the other hand, the
spherical region in the Oort cloud is aresult of a volumetric expansion of the thin torus — there
appeared the radial motions so it was due to the nuclear strong interactions.

The radius of the Mercury orbit, Agy.1a just before the supernova explosion, was
ASN_|a = ANOW Ms_jn / MSN_|a = 0.2856 au , (H510)

where M gn.1a = 1.3934 solar masses (see formula (H4.8) for uibare/2).

The inner radius, Roort inner, Of the inner edge of the scattered disc in the Oort cloud follows
from the transition from the electromagnetic interactions at high energy on the Mercury orbit to
the weak interactions of electrons on the inner edge of the scattered disc. Radius is inversely
proportional to coupling constant so we have

Roortinner = Asn-1a Otemyigh / Gwee) = 2,350 au, (H5.11)

where e = 0.95111818868-10°° is the coupling constant of the weak interactions of

electrons, and dempigh = 1 / 127.5425 (see (2.3.15)). The “mixture’ of the toroidal
electromagnetic motions and the radial strong motions caused that with increasing distance
from the Sun, the scattered disc expands more and more in the directions transverse to the disc.

The intermediate semi-maor axes for the objects in the scattered disc we obtain for the
mixed interactions in the Mercury orbit — here they are the strong and electromagnetic
interactions.

The inner radius, Roort,inner-sphere, and outer radius, Roort,outer-spheres Of the spherical region in
the Oort cloud result from the transition from the nuclear strong interactions on the Mercury
orbit to the weak interactions of electrons on the most distant sphere. But during the supernova
explosion, on the Mercury orbit appeared the turbulent motions so baryons had the relativistic
masses. In such nuclear plasma, the coupling constant of the nuclear strong interactions is the
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running coupling — inside baryons it changes from Olsw,asymptote = 0.1138 (see €y in (2.4.40))

to ais = 1. Such values define the inner radius and outer radius of the spherical region in the
Oort cloud

ROort,inner—sphere = Asniia OLSN,awmptote/ Olw(e) ~ 34,000 au, (H5.12)
ROOrt’Outer_sphefe = ASN_|a (15/ aw(e) ~ 300,000 au — 4.75 Iy . (H513)

The weak interactions of the electrons are very weak in relation to the strong and
electromagnetic interactions of baryons so we neglect a deformation of the Oort cloud resulting
from the poloidal motions.

We can see also that the mass of the Oort cloud should be close to the mass of the thin torus
which overlapped with the Mercury orbit so it should be close to masses of planets.

Notice also that for the weak interactions of nucleons we obtain

R*Oort = ASN_|a aw(p) / aw(e) =~ 5,600 au y (H514)

so for such and bigger distances, the number density of comets should be higher. Moreover,
such aregion should be deformed due to the poloidal motions.

We showed that SST leads to a spherical outer Oort cloud that should extend from ~34,000
au to ~300,000 au, while a scattered-disc inner Oort cloud should extend from ~2,350 au to
~34,000 au.

Why, unlike the radii of the planetary rings, did not the semi-major axes of the long-period
comets in the Oort cloud increase in size following the SN-la explosion?

The thin torus of the nuclear plasma with its interna nuclear strong interactions, which
overlapped with the orbit of Mercury, shielded the planetary ring system from destruction and
mass changes during the supernova explosion.

Moreover, such athin torus caused the disc part of the Oort cloud to be scattered.

Over time, as part of the gected mass by the supernova (about 0.4 solar mass) flowed
through the just formed Oort cloud, the masses of the components of this cloud increased, but
on the other hand, the decreasing central mass decreased the orbital speeds of the comets. Since
the orbital angular momentums of comets must be conserved, which is the product of mass,
orbital velocity, and orbital radius, the semi-major axes of comets, contrary to the radii of the
planetary rings, should not change significantly — they could decrease as well.

The mechanism of the formation and evolution of the Oort cloud described in this section
differs significantly from that proposed in mainstream astrophysics. Under the mainstream
mechanism, unlike the one presented here, we cannot accurately predict the properties of the
Oort cloud. We can see, however, that the appearing free parameters in the mainstream
mechanism allow us to obtain values of some physical quantities consistent with the
observations, but such additional parameters strongly distort the physical picture. Therefore, |
warn against theories, models and simulations in which there are free parameters.

From the observations results that a mean mass of the long-period comets is about 5-10™ kg
— the estimated masses of a set of long-period comets are [0.5, 10]-10™ kg [4]. The number of
long-period comets is ~10" [5].

From observational data results that the more massive black holes (as, for example, in
guasars) are surrounded by an opague torus. Assume that our black hole composed of the 256
NBHSs also was surrounded by such a torus. Assume also that the characteristic sizes of the
black hole and its torus were directly proportional to the sizes in the core of baryons.
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On the assumption that the radius of the central condensate in baryons relates to the present-
day semi-major axis of Mercury, Amercury,actua = 0.387 au, we obtain that the today mean
distance of the initial opague torus from the Sun, Ryorus mean, Should be

Rrorusmean = Amercuryactud / Ow(p) = 20.7 au, (H5.15)

Rrorusequator = Rorusmean 3/2=31.0au. (H5.16)

We can see that the calculated distances are close to the present-day semi-mgjor axes of the
Uranus (19.2 au) and Neptune (30.1 au), respectively, so there should be formed the Neptune
even when the symmetry describing the symmetrical decays is not broken.

Today, the inner radius of the opague torus, Rrorusinner, Should be equal to 1/3 of its
equatorial radius

RTorusinner = RTorus,equator /3=10.3 au. (H5.17)
Table H5 Comparison of semi-major axesin [au]
Rsv-o Rsw—t Rsv-ts
from observations from opaquetorus| from TB
Saturn 9.6 10.3 9.9
Uranus 19.2 20.7 19.3
Neptune 30.1 31.0 28.7

The value in (H5.17) is close to the semi-magjor axis of the Saturn (9.6 au).

In Table H5, we compared the observed semi-major axes, Rsu_o, of the Saturn, Uranus and
Neptune with semi-major axes calculated from the sizes of the opaque torus, Rgyv_t, and from
the TB law that follows from the symmetrical decays of the atomic nuclei (Rsv_tg [au] =
0.41 + d - 0.295, where d = 32, 64 and 96).

Initially, the orbits of Saturn, Uranus and Neptune were additionally fed with matter from
the opague torus so the three planets are today the massive planets. But why is the Jupiter the
most massive planet? Initially, the inner accretion disc (i.e. from the black hole to the opaque
torus) aso was fed with matter from the opaque torus. On the other hand, the Jupiter orbit was

the closest orbit to the inner boundary of the opague torus — it is the reason that today Jupiter is
the most massive planet.

A short recapitulation

It is impossible to understand the cosmogony of the Solar System without two new
symmetries described in SST, i.e. the adoption symmetry and symmetrical decays of atomic
nuclel in nuclear plasma.

The large-scale structure of the Universe we are seeing today was formed before it began to
expand.

The cosmogony of the Solar System begins with a black hole containing 256 NBHs, which
captures the extra NBH and converts it into an accretion disc.

Notice that there was a quantum resonance between the 256 NBHs in the black hole and the
256 nucleons in the atomic nuclel created in the nuclear plasma near the equator of the black
hole.
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The inflows of dark energy and dark-matter loops cause that the black hole evaporates,
gjecting matter mainly along its axis of rotation. This mechanism causes protoplanet orbital
radii to increase.

When the central star's mass decreased to about 1.4 solar masses, it exploded as a
supernova, a key moment for the survival of the Solar System. Our Sun was formed about 4.6
Gyr ago from the remnants of such an explosion.

The question is. where are the remaining fragments of the original black hole? New stars
were formed from the nuclear plasma gected along the axis of rotation, and these are stars
scattered around the Solar System inside a sphere with aradius of about 100 light-years.

The only planet whose semi-major axis does not obey the TB law is Neptune, but note that
the symmetry of symmetrical decays relates to hot nuclear plasma. Thus, this symmetry at the
periphery of the accretion disc can be broken. Helium-4 is for Uranus and deuterium is for
Pluto, so the orbit for the stable He-3 should have a semi-major axis which is the arithmetic
mean of the semi-mgjor axes of Uranus and Pluto — this is consistent with the observational
data for Neptune. Notice that the broken symmetry for Neptune was forced by the fact that the
Neptune orbit had overlapped with the equatorial radius of the opaque torus.

The Kuiper belt is the remnant of the outer edge of the initial accretion disc, while the Oort
cloud is the remnant of the type la supernova explosion.

The Solar System is unigque because its history goes back to the origins of our Universe and
its structure could have been damaged many times.
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H6. Magnetar s versus pulsars
Calculate the radius of the spin-1 dark-matter loops (see formula (2.1.20))

RDM-IOOp,Spith =h/ (M DM-loop C) = 16.915km . (H6.1)

Such a radius of neutron star leads to its mass equa to the TOV limit, i.e. 2.441 solar
masses (see formulae (3.3.3) and (3.3.4)). The spin speed of the resting DM loopsis equal to C.

We claim that magnetars are the neutron stars interacting weakly with the spin-1 DM loops
i.e. the initial mass of magnetars should be close to the TOV limit: Myagnetar = 4.854-10%
kg. Due to the weak interactions of the spin-1 DM loops with the nuclear-plasma vortex on
surface of a magnetar, angular momentum of the vortex increases. We define the nuclear
plasma as the plasma composed of 50% of protons and 50% of neutrons. Initialy the weak
interaction increases the spin speed of the nuclear-plasma vortex so there is created the very
strong magnetic field, but as time goes on, the star’s rotation slows down so the strong
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magnetic field weakens. Slowing the magnetar’ s rotation causes the radii of the DM loops to
increase, separating them from the magnetar. Such increases in the radii of the DM loops
combined with the weak interactions cause that the baryon matter is scattered, so with time
mass of the magnetar decreases.

Magnetic axis of magnetar has the same direction as the angular momentum of the DM
loops. In neutron-stars, there can be an angle different from zero between the magnetic axis
and the axis of rotation.

Rotation of the free NSs is slowing down because of the friction between the rotating
part of the SST absolute spacetime inside the NSs and the non-rotating part outside them.

The friction in the SST-As together with strong magnetic field causes the emission of the
polarized electromagnetic radiation.
The observed pulse periods of the so-called “normal pulsars’ are between 0.3 sand 3 s.

Assume that a pulsar with a mass of the TOV limit (so its radius is Rvagnetar = 1.6915-10"
m) has the pulse period equal to t = 1 s. Then the spin speed of the nuclear-plasma vortex,

VWortex, IS

On the other hand, from (H1.10) follows (there instead the s is 20u(p)) that the DM loops,
due to their weak interactions with the condensates in centres of baryons, increase the spin

speed of the nuclear-plasma vortex to Vi ortex-with-loops

It means that the DM loops increase the spin speed and decrease the vortex period, t*, N
times

N = VVortex-with-Ioops/ Vyortex = D46, (H6.4)
t*=t/N=18310"s. (H6.5)

The Biot-Savart law relates magnetic fields to the currents. The magnetic field (magnetic
flux density), B, at centre of a current loop (of the nuclear-plasma vortex) with aradius R is

B=1Q/(2R1), (H6.6)

where 1 is the period (in magnetars it is the vortex period t*), uo = 1.26:107° H/m is the

magnetic constant (the vacuum permeability), and Q isthe total charge of the loop/vortex.
From (H6.6) results that magnetic field is inversely proportional to pulse period. Since the

DM loops decrease the pulse period N times so magnetic field of a magnetar with such a mass

is N times higher than the pulsar in the absence of the DM loops. We can see that magnetic
fields of magnetars are indeed very strong.

The mass of the nuclear-plasma vortex, Mpasma, should be as many times lower than the
mass of the magnetar as the mass of the DM loop, M pm.ioop = 2.07958-10°% kg, is lower
than the mass n of the neutron
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It leads to the total electric charge, Q, of the nuclear-plasma vortex
Q = € Mpiasna/ (2 Mnugieon) = 2.885-10" C (H6.8)

where € isthe electric charge of proton, and M nygleon IS the mean mass of proton and neutron.
From the Biot-Savart law with the vortex period t*, we have

Bumagnetar = 1o Q / (2 Ruagnetar t*) = 5.87-10° T . (H6.9)

This result is consistent with observational data because the magnetic field of magnetars is
from 1010 10™ T.

Theinitial period of the nuclear-plasma vortex t* in magnetar with the TOV-limit mass does
not depend on initial period of pulsar

For such a magnetar, Q and RMagnetar are the initialy invariant values so the magnetic field

equa to ~6-10" T isthe upper limit unless there appears an accretion disc (it strengthens
magnetic field).

From formulae (H6.9) and (H6.3) follows that the ratio of the magnetic field of the nuclear-
plasma vortex, Bnudear, t0 the magnetic field of the vortex of electrons, Bgjectron, iS

Bnudear / Belectron = t* Etectron / t* Nudear = (Otw(p) / OLw(e))l/2 =140.3, (H6.11)

so we can neglect the Bgjectron in comparison with the Byugiear-
The composition of the nuclear-plasma vortex suggests that there dominates ionized helium-

4. Radius of the ground-state orbit/shell in helium, Ryeium-4, has the radius 4 times smaller
than the Bohr first orbit in hydrogen

Ruaiuma = 0.52918:10° m/ 4= 0.1323-10 % m . (H6.12)

From (H6.10) results that the P ~ I'pysr iS a relationship between the period, P, of a pulsar

and its radius I'pysar- ASsume that the first-time derivative of the period for pulsars, dP/dt (it
defines the changes over time in period of the pulsars) is defined by the ratio of the radius of

the DM loops overlapping with the ground-state orbit in helium-4, Ryeljum-4, to radius of the

DM loops overlapping with the magnetic equator of the pulsar. For Ipysy = Rwvagnetar, We
obtain

From (H6.13) follows that pulsars with smaller the equatoria radii have the first-time

derivative of the period higher. Such values for pulsars are consistent with the observational
data—see Figure 1 in[1].
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In the pulsars, there is the friction between the rotating and non-rotating parts of the Einstein
spacetime. But the friction in magnetars is much stronger because there appears also the very
strong friction between the neutron star and the nuclear-plasma vortex. We can assume that the
friction in pulsars leads to the electroweak interactions so there are produced the electron-
neutrino pairs with energy equal to the mass distance between the charged and neutral pions: it
is Amt = 4.6 MeV. On the other hand, the friction in magnetars leads to the nuclear strong
interactions represented by the fundamental gluon loops with energy equal to Meg. = 67.544
MeV. We can assume that the thermodynamic temperature T in the Stefan-Boltzmann law (see
formula (1.4.20)) is directly proportional to involved energy while the total emitted energy is
directly proportional to the changes in period, so we have

(AP/dt)magnetar / (APIAE)puser = (Meay / Am)* = 4.6-10° (H6.14)
From (H6.13) and (H6.14) we obtain

(dP/dt)yagnetar = 3.6-107 /s . (H6.15)

From (H6.13) and (H6.14) results that magnetars with smaller the equatorial radii have the
first-time derivative of the period higher. Such values for magnetars are consistent with the
observationa data—see[2] and figure 1 in[1].

Due to the strong friction in magnetars between the nuclear-plasma vortex and neutron star,
the high temperature of the very thin iron crust below the vortex sometimes damages it almost
simultaneously at two or more points, each with a diameter of several dozen metres. Through
the damages, high-energy photons and neutrinos from beta decays are emitted. The damages
are quickly repaired when the loca pressure is reduced — such a mechanism produces
millisecond pulses, and their time distance may be a second or so. Such a phenomenon was
observed in magnetar SGR 1935+2154 [3].
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H7. Spaceroar and the second mass of the bottom quark

The space roar is the unsolved problem in cosmology and particle physics. Here, applying
the SST, we showed that the ARCADE 2 [1] and other literature the space roar for frequencies
from 22 MHz to 10 GHz follows from the atom-like structure of baryons and from the
expansion of the Universe (the wavelengths increased Fy = 72.16 times). Here as well we
calculated the second mass of the bottom quark: M, » = 4167.6 MeV.

The radio background from ARCADE 2 and radio surveys is a factor of ~6 brighter than
the estimated contribution of radio point sources[1].

According to the SST, the expanding Universe is the result of evolution of the cosmic
structure (the Protoworld) that appeared after the SST inflation. Initially, the baryonic part of
the Universe was the double loop with a radius of Reosmologica = 0.191109 Gly. The today
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spatial radius of the sphere filled with baryonic matter is Rgm today = 13.79(1) Gly, so size of
the baryonic part increased about F times

Fu= RBM,today/ RCosmoIogicaI =72.16(5), (H7.1)

and the same concerns the wavelengths that appeared at the beginning of the expansion of the
Universe i.e. when the CMB was produced.

We showed that the black body spectrum (see Section 3.9) and the CMB anisotropy
spectrum (see Section 3.6) are directly associated with the internal structure of baryons. On the

other hand, the neutral pion (t° = 134.97687 MeV — see Section 2.4) is created on the
circular axis which is the most inner orbit for the strong interactions in baryons while the SST

bottom quark-antiquark pairs, MyMp anii, are produced on the last TB orbit for the strong
interactions (see Section 2.23).

The simplest neutral pion consists of four neutrinos, i.e. Eneutrino = 33.7442 MeV, so at
high energies, due to the four-object symmetry, it can create four the bottom quark-antiquark
pairs— it isan octopole of bottom quarks that can decay to a photon pair. Due to the expansion

of the Universe, frequency of such photons decreased Fy times. We see that the following
transformations in the early Universe and in very hot baryonic plasma can appear

Eneutrino =2 Mp Mp anti - (H7.2)
Such transformations lead to following spectral index 3
Eneutrino. = 2 M. (H7.3)
In Section 2.23 we already calculated the first mass of the bottom quark
My 1 = 4190.33 MeV (H7.4)

so formula (H7.3) leads to the index B equal to ~2.56726. But the spectral index should
result from some interactions. Notice that the spectral index is close to the ratio of the

coupling constant of the nuclear weak interactions (o) = 0.0187229) to the fine structure
constant (0lem = 1/137.035999)

From (H7.3) and (H7.5) we can calculate the second mass of the bottom quark
My, =4167.6 MeV . (H7.6)

According to PDG [2], applying the minimal subtraction scheme to absorb the infinities that
arise in perturbative calculations beyond leading order, introduced independently by Gerard ‘t
Hooft (1973) and Steven Weinberg (1973), the mass of the bottom quark is My, exp = 4.18(3)
GeV so both theoretical results are consistent with the PDG result.

In collisions of baryons at high energies are created strings composed of the XX~ pairs
with spins tangent to the strings — they can collapse to the SST-As condensates. Mass of such



146

string, Mgying, IS directly proportional to its length/wavelength, Xsmng, and we have that
frequency is directly proportional to mass of such string Vsing ~ Metring

Vatring ~ Matring ~ Xstring (H7.7)
so from the Wien's displacement law we have

where AT is an excess temperature.
Due to the transition from the nuclear weak interactions to the electromagnetic interactions

at low energy and because m’ ~ , we have the transition
Vstring =2 VP (H7.9)
From the two last formulae we obtain

ATV =Tove. (H7.10)

AT =To(v/ v ™. (H7.11)

Such power law distorts the frequency spectrum of the CMB.
Assume that at some temperature of the early Universe, from the strings were created

octopoles of the Y = 424.12174 MeV condensates that decayed to photon pairs.
From (2.18.3) and because lifetime of a string is directly proportional to its length and mass
we have

My = m, (a2 / o) (H7.12)

The transition from the nuclear weak interactions of the associations of the Y condensates

to the weak interactions of the charged fermion-antifermion pairs in presence of dark matter

(0 w(e)pm = 1.1194462-10_5) caused that the initial energy of the emitted photons was (see
(H7.12))

E,initat =4 Y (0w / &' wgom)” = 2.1681-10 " Mev (H7.13)

My initial = F Ey,initial = 3864910_40 kg. (H7.14)
The initial frequency was
Vy.initial = My initial C2/ 2mn h) =52.423 GHz. (H7.15)

From (H7.15) and (H7.1) we obtain the today frequency
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Vo = Vynitial | Fu = 726.5 MHz (H7.16)
so it relates to the today CMB temperature [2]
To=27255K . (H7.17)
Our power law looks as follows
AT = 2.7255 [K] (v / 726.5 [MHZ]) ™. (H7.18)

From it follows that when v increases then the excess AT decreases.
Our results are collected in Table H7.

Table H7 Today frequency and excess temperature

Octopoleof ... | Today frequency v | Excess temperature AT (formula (H7.18)
AEcore ~26 MHz 14,000 K
--------- 310 MHz 24.2K
ARCADE 2 plusothers: 24.1 + 2.1 K [1]

Y Vo = 726.5 MHz To=27255K

3.3 GHz 56 mK
--------- ARCADE 2: 54 + 6 mK [1]
My 2 ~7.1 GHz 7.9 mK

p= ,0tw(p) [ 0lem = 2.56571

References

[1] D. J. Fixen, A. Kogut, et al. (17 May 2011). “ARCADE 2 Measurement of the Absolute
Sky Brightness at 3-90 GHz"
The Astrophysical Journal, 734:5 (11pp)

[2] P.A. Zyla, et al. (Particle Data Group)
Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

H8. Absor ption profile from the primordial cold hydrogen field

Within the SST we calculated the baryonic-matter (BM) density (see formula (3.5.17)) that
is a little lower than the observed density. It suggests that outside the hot baryonic field of the
Protoworld that relates to the nuclear strong field in baryons (radius of such cosmological field
was Ry = 27IRCosmoIogicaI = 1.201 Gly, where RCosmoIogicaI = 0.191109 Gly (see Section
3.7 and formula (2.1.25)), there already before the expansion of the Universe was the
primordial field of cold hydrogen. When the photons from the expanding Universe reached
such field, there was created the absorption profile centred at Vijip,initia = 1420.406 MHz — it
was due to the spin flip in the ground state of hydrogen atoms. There were absorbed photons
with wavelength equal to Aqjip = 0.21106 m. Since the today radius of the CMB is Revg =

21.32(1) Gly (see formula(3.5.4)) so the central frequency decreased to
Viliptoday = Vflip,iniia Ru / Reme = 80.1MHz. (H8.1)

It is close to observational data[1].
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The primordial hydrogen field outside the hot baryonic field of the Protoworld was very cold
so the amplitude of the absorption profile must be today significantly high.

Notice also that described here phenomena did not lead to the mainstream Dark Ages in
cosmology. When the Universe started to expand there was no a period called the Dark Ages.
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H9. The SST large numberslaw, Gravity versusthe Standard Model, and the
gravitational black holes
In SST, the ratio of the constant of the electron-positron electromagnetic interactions, Gem,
to the gravitationa constant, G, is exactly equal to the ratio of the gravitational-mass density of
the SST absolute spacetime, pas, to the inertial-mass density of the SST Higgs field, pns

Nemvgr = Gem/ G = pas/ prr = 4.165798-10% . (H9.1)

It is the SST large numbers law that follows from constancy of the SST initia parameters
because there is the stable boundary of the inner Cosmos and very high dynamic pressure in
the SST two-component spacetime.

We see that in the SST-As are created the electron-positron pairs i.e. this part of the SST
spacetime relates to the electromagnetic interactions. On the other hand, in the SST
superluminal Higgs field are created the gravitational fieldsi.e. this part of the SST spacetime
relates to the gravitational interactions. Properties of the SST-As and SST-Hf are very different
so unification of the electromagnetic interactions (also the weak and strong) with gravitational
interactions (i.e. the Standard Model with Gravity) within the same methods is impossible.

The wrong assumption in the mainstream theories that the observed flows in the SST
absolute spacetime (for example, by LIGO) are the gravitational waves suggests incorrectly
that unification of the Standard Model and Gravity is possible.

Gravity appears because the neutrinos composed of the entanglons are placed in the SST
Higgs field. On the other hand, the binary systems of neutrinos are the components of the SST
absolute spacetime so SST shows that the internal structure of neutrinos marks the boundary
between the gravitational fields and those described in the Standard Model.

The Schwarzschild surface is an abstract surface. Near the black holes (BHs) composed of
the neutron black holes, the SST-As components, which have gravitational mass, spira
towards the centre of BH — it is because below equators of BHs (Requator,BH = GM/CZ), orbital
speed of the SST-As components should be higher than C. But due to the very high dynamic
pressure (~1O45 Pa) and constant speed of the neutrino-antineutrino pairs, these components
are pulled along the BH’s axis of rotation despite having a non-zero gravitational mass. The
weak interactions between the SST-As jets and particles are the cause of the removal of
gravitating matter from inside the black hole.

H10. Creation of dark energy (DE) and dark matter (DM)

Structure of the DM loops and DM tori we described in Section 2.1 — they were produced
at the end of the SST inflation.

The increase in the relativistic mass of protons is a result of the formation of successive
layers above the surface of the torus/electric-charge which is inside of the core of baryons.
Such an increase does not cause a change in electric charge when the spins of the entangled
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neutrino-antineutrino pairs are polarized along electric-field lines (they are the DE segments)
which converge on the circular axis (see Fig.2) of the torus/electric-charge.

To form DM loops, the relativistic mass of the proton torus must be about 81.3% of the
Planck’s mass, Mpianek = 2.1765:107° kg, because then the DE segments contain K2 of
entangled stable neutrinos with spins polarized tangentially to the loop. The X* torus has one

layer built of the neutrino-antineutrino pairs so there must be created K2 such layers. Then
mass of such relativistic torusis

Mia = X* K2/ 2= 0.813 Mpianck - (H10.1)

The DE segments composed of K? stable neutrinos curl up into the DM loops while the
DM loops were building blocks of the DM tori. To create the DM tori we need vortices
excited in the SST absolute spacetime i.e. we need circular/poloida flows on the
torus/electric-charge in the cores of baryons because such flows force transformation of the
DE segments into DM loops with sufficiently high linear density. The DE segments wound
around the proton torus.

Due to the collapse of the outer shell of the expanding SST absol ute spacetime at the end of
the SST inflation, there was created the thickened SST-As near the front of the SST-As — it
also had led to production of the DM tori by even resting baryons so probability of such
phenomena was very high. But from (H10.1) results that production of the DM tori in Earth
laboratories is impossible. We would have to be very lucky to detect the cosmologica DM
tori with amass of ~727.44 MeV.

The Protoworld was destroyed because the DM tori decayed to the DM loops with a mass
of ~2.0796-10"" kg. The cosmologicd DM loops took the angular momentum of the
baryon plasma, so their radii increased significantly. Today we can learn the origin of dark
matter mainly by studying the rotation curves of galaxies.

From (1.4.26) follows that G; (so field density, p, as well) is directly proportional to
coupling constant. The DE segments were produced due to the nuclear weak interactions
while the DM loops and the DM tori due to the electromagnetic interactions (there are the
closed lines of electric field). We see that the ratio of abundances/densities of DE, ppg, and
DM, ppwm, should be close to

It is consistent with observational data: (ppe / Pom)obs = 68.63% / 26.46% ~ 2.59.

DE segments have much larger surface area than the SST-As components, so virtual
photons moving divergently effectively pushed the DE segments out of the interior and
immediate surroundings of the Protoworld. Initially, the Protoworld was free from DE
composed of the DE segments.

There, at low energies, due to the electroweak interactions of electrons, can be created low-
density DM loops (LDDMLS). We need short-lived circular electric currents to produce
LDDMLs with different masses and radii. The tangle of LDDMLSs creates a DM soliton. Such
solitons are produced by circular currents excited in the brain and they are components of the
mind. But the linear densities are too low to create low-density DM tori.
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|. Particle physics

1. Theorigin of thetransverse radii of hyperonsat the LHC

Here we show that the effective Gaussian source radii for the proton-hyperon pairs obtained
at the LHC follow from the atom-like structure of baryons.

The ALICE team at the LHC has shown that the source radii for the proton-hyperon pairs

can be determined in proton-proton collisions via a function of the transverse mass my [GeV/c]
[1]. They obtained an effective Gaussian source radius (we will call it the transverse radius)

equal to 1.02(5) fm for p-E™ pairs and equal to 0.95(6) fm for p-Q" pairs. The average mr

of such pairs are 1.9 GeV/c and 2.2 GeV/c respectively.

In the relativistic proton-proton collisions, spins of protons are parallel or antiparallel to the
direction of the collisons. On the other hand, the created gluon loops are in planes
perpendicular to the direction of collisions. Thus, the breakdown of the gluon loops (or

annihilation of the X "X pairs) cauises their masses to appear as transverse masses.

In interacting strongly hyperons, the gluon loops appear on the first four orbits with the radii
equal to RrgL = 2A/3, Ry=0 = A, Rg=1 = A + B, and R4=> = A + 2B, so the mean
transverse radius of all hyperons, R pyperons sst, should be

We can see that our result is equal to the central value for the LHC p-Z pairs.
The SST transverse mass for al proton-hyperon pairs, My hyperons,sst, should be — the
hyperon interacts strongly with proton viam bound

M hyperons,SST = X* + T bound + S(+—),d:O + S(+—),d:1 + S(+—),d:2 -
=1902 MeV =~ 1.9 GeV . (11.2)

Why did the LHC experiment get different results for the p-€2™ pairs?
Mass of the hyperon €0 is[2]

Q" =1672.45(29) MeV . (11.3)
It means that a P-S(+),d=0 pair can mimic the mass of the hyperon €~ because the mass
distance isvery low

P + Spyg=0 = 1665.71 MeV . (11.4)

In the P-pS(+-),d=0 pair, there are occupied only the statesd = 0 and d = 1 (there does not
appear an additional pion T pound bUL there are two the S(+_),d:o gluon loops) so we have

Rt ppso),sst = (Ra=o + Rg=1) / 2=0.948 fm = 0.95 fm. (11.5)

We can see that our result is equal to the central value for the LHC p-€2 pairs.
The SST transverse mass for the P-PS+,d=0 pairs, Mr p.o(),sst, should be

Mt pps(s),s57 = X+ 2S40,d=0 + Spoy,a=1 = 2196 MeV = 2.2 GeV . (11.6)



151

It also is consistent with the LHC result.
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12. Masses of Upsilon and chi_b mesons

Here we described composition and calculated masses of the Upsilon (Y) and chi_b ()(p)
mesons.
According to SST, the Upsilon mesons are the mesonic nuclei (see Section 2.20) defined by

the IG(‘JF>C =07(1 "), where | isthe isospin, G is the isoparity (G-parity), Jisthe spin, Pis
the parity, and C is the charge conjugation, while the chi_b mesons contain the bottom quark-
antiquark pair and are denoted by Ypi([J + 1]P) and defined by the I9(JF™) = 0%(J* ),
whereJ=0, 1and 2.

We already calculated the mass of the ground state of the Upsilon mesons: Y(1S) =
9464.92 MeV (see Section 2.20) and the two masses of the bottom quark: My, 1 = 4190.33
MeV and My, = 4167.6 MeV (see Section 2.23 and (H7.6) respectively).

To explain the mass spectrum of the Upsilon mesons we need some objects S defined by
the 1°(J7°) = 07(0" *) which can be entangled with the ground state i.e. with Y(1S) for
which is IG(JF>C = 0 (1" 7). Such objects must satisfy the four-object symmetry so from
Section 2.26 results that number of particles in the S objects should be 4, 8 or 16. Moreover,
the total electric charge, Q, and total spin, J, of S both must be equal to zero.

Table12.1 Upsilon mesons

Upsilon S Composition | Theoretical | Experimental
meson 4, 8 or 16 particles, mass [MeV] | mass[MeV]

Q=J=0 [1]
Y(1S) Y(1S) 9464.92* | 9460.30(26)
Y (2S) 4 Y(1S)+S; |10023.20 | 10023.26(31)
Y(3S) 61 +2mg Y(1S)+S; |10352.77 [ 10355.2(5)
Y(?) 61 + 2 MegL Y(1S)+S; | 10437.43 ?
Y (4S) ST Y(1S)+S; |10581.48 | 10579.4(1.2)
Y(10860)| 8 1" +2meg. + 6 mg | Y(I1S)+S; | 10867.85 %08257.(24;2-6_1_6
Y(l 1020) 8 TIJJ_r +6 Meg + 2 Mg Y(lS) + S 11037.17 1]—:10%3(518)

= -6

Y(11700)| 16 * Y(1S)+S; |11698.05 ?

*Notice that mass distance between our result and the experimental mass
isequal to 7" —7t° s0 we can assume that our mass is the mass of the bound Y (1S).

To solve the problem we need following masses: mass of the charged pion: 7 = 139.5703
MeV, mass of the fundamental gluon loop: Mg, = 67.5444 MeV, and massenergy of the
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gluons created due to the transitions between the baryonic shells: mg = 25.213 MeV (see
formula (2.21.2)).

In Table 12.1 we present our results concerning the Upsilon mesons.

We claim that the ground state of the chi_b mesons consists of the bottom quark-antiquark
pair and the pair of the bosons responsible for creation of the TB orbits for the nuclear strong

interactions: Mg = 750.29577 MeV (see formula (2.7.16)). The mean mass of the bottom
quark is My mean = 4178.97 MeV so we have

Y00 (1P) = 2 (Mpmean + M1p) = 9858.53 MeV . (12.2)

The quarks have antiparallel spins. The parity of Ypo (1P) is positive while total spin and
total charge are equal to zero.

We need some objects U; defined by the I°(J7°) = 0°(1" ) to explain the spin distances
between Y1 and (o and between Y2 and Yp1. We need also some objects W, defined by the
15(J°) = 0%(0" *) to explain the mass distance between Yp(2P) and Y(1P) and between

Ab(3P) and ¥ (2P).
We claim that composition of the W, objects is as follows (see Table 2)

Wop.p=2 S(+_),d:4 = 375.15MeV , (12.2)
Wsp.op = S(o),d:4 + MegL = 254.43 MeV (12.3)
while composition of the U; objects is as follows
Uprno = Mg = 25.213 MeV (12.4)
Upo-p1 = Mg Olem / Olw(p) = 9.827 MeV . (12.5)
Our results are collected in Table 12.2.
Table12.2 Chi_b mesons
XAbo XAbo Ab1 Ab1 Ab2 Xb2
Theory | Exper.[1] Theory Exper. [1] Theory Exper. [1]
[MeV] [MeV] [MeV] [MeV] [MeV] [MeV]
1P | 9858.53. | 9859.44(73)| 9883.74 | 9892.7(57) | 9893.57 | 9912.21(57)
2P | 10233.68| 10232.5(9) | 10258.89 | 10255.46(72)| 10268.72 | 10268.65(72)
3P | 10488.11|  ------- 10513.32 | 10513.4(7) | 10523.15| 10524.0(8)
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| 3. The neutron mean square charge radius and the origin of the Standard M odel

New measurements of the charge radius of the neutron show that the neutron has a mean

sguare charge radius of [1]
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<r,2>=-0.1101 + 0.0089 fm?. (13.2)

The negative sign in (13.1) refers to the negatively charged cloud created by the relativistic
negative pion located in the outer part of the neutron [2]. In SST, such pion is in orbit with
radius A + B, where A = 0.6974425 fm and B = 0.5018354 fm.

Quantum chromodynamics (QCD) leads to a positive core and a negative outer region in the
neutron [3] — the same we have in SST for one state of the two states of neutron (frequency of
occurrence of this state is ~62.6%: see Section 2.7). In the second state of the neutron (~

37.4%), all main components of the neutron are neutral (see Section 2.7).

Theorigin of the Standard M odel

In SST, the electron charge consists of both the electron-loop that carries mass of the charge
and the zero-mass ring-torus/electric-charge. The electron-loop and the equator of the torus
practically overlap. The same concerns the quark charge — there is the gluon-loop and
torus/quark-charge. The ring torus is most stable when for |c| + |a| = 1is|c| = 2/3 and |a] =
1/3 (see Fig.13.1). Such values lead from the elementary electric charge, €, (|e] = 1) to the
electric charges of quarks (Quct = +2/3 and Qg sp = —1/3) in the Standard Model (SM).

The Kasner metric is an exact solution to theory of general relativity (GR) for an anisotropic
universe without matter so it is a spacetime solution. For the dimensions D = 3 + 1 and the
Kasner conditions we have (2/3, 2/3, —1/3) [4]. Notice that the three number fractions as well
represent the electric charges of quarks in the proton and in particles built of two quarks
carrying the charge +2/3 and one carrying the charge —1/3. So there is a link between GR (a
spacetime solution) and the quarks in some particles in SM.

z
A lcl+lal=1
lcl=2/3
olet lal=1/3
a
13k - ——™=
' >
0 +2/3 .
heI3.1
The nutial conditions for the SST torl.

The mean squar e char ge radius of the neutron
With time, a photon loop in a thermal neutron changes orientation of its plane so it leads to

an abstract charged sphere. The negative pion in the A + B state creates the negatively
charged cloud — it is a cylinder with the orthogonal radii equal to R, = Ry, = A + B and
R, = A/3.

The arithmetic mean of the above orthogonal radii, which is the radius of the abstract
negatively charged sphere, which is the mean negative charge radius of the neutron, R, -, is

Ron.= (RC+R, +R;)/3=[2(A+B)+A/3]/3=0877012fm. (132
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Similar considerations for a positively charged photon loop (then the poloidal motion is left-
handed) with aradius of Ry" = Ry+ = A (we assume that R, = R,), which transforms into
the torus/electric-charge in the core of baryons, lead to the mean positive charge radius of the
neutron, Ropn+

Ron+ = (RX+ + Ry+ +R;)/3=(R2A+A/3)/3=0.542455fm. (13.3)
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Smface charge density on the two abstract
spheres in the neutron.
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FigI3.3
Charge density in the second state of
the neutron.

The neutron mean charge radius, Iy, is defined as the distance between the two abstract
charged spheres

rn = RO,n_ - Ro’n+ = 0.334557 fm (|34)
S0, in SST, the mean sgquare charge radius of the neutron is

<r.?>>=-0.11193 fm?. (13.5)
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It is consistent with experimental data [1].

In Fig.13.2, we present the surface density of electric charges on the abstract spheres in the
first state of the neutron.

In Fig.13.3, we present the surface density of electric charges in the second state of the
neutron.

The ratio of the radii of the two abstract electrically charged spheres is close to the golden
ratio (~ 1.618)

Ro,n_/ Ro,n+ ~ 1.617 . (|36)
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| 4. Lepton universality

According to SST, both the electron and muon have similar structures with different sizes of
the components (a loop, torus and central condensate) but there is a difference: contrary to the
electron, inside the muon central condensate, there are two energetic neutrinos (see Section
2.10). It causes that interactions of the two different leptons are not the same so the magnetic
moment of the muon is higher than it should be (see Section 2.10).

Lepton universality is defined as follows: All three types of charged lepton particles interact
in the same way with other particles.
SST shows that the B bosons are produced inside baryons.

We will show that the different branching ratios, BR, for the decays B® > Kg® pu'u” and
B° > K< e'e follow from the structure and dynamics of baryons.

According to SST, the u+u_ pairsin B are produced near the condensate Y in centre of the
baryons so for production of the B®,.,,_ bosons (i.e. Ks® p'u™ > B®,.,) are responsible the
nuclear weak interactions (owp) = 0.0187229: see (2.4.15)). Notice that particles
“remember” which coupling constants were responsible for their production so in the
decays of such Bouw_ bosons appear the u+u_ pairs.

On the other hand, the '€ pairs are produced outside the electrically charged core of
baryons so for the production of the B%.c_ bosons (i.e. Ks® €€ > B%.c.) are responsible
the nuclear electroweak interactions (i.e. Owp) t Olem, Where oem is the fine structure
constant).

We define the branching ratio as inversely proportional to lifetime so by applying formula
(1.4.29) we have

BR~q;, (14.2)
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where @ isthe coupling constant responsible for production/decay of a particle.
Such remarks lead to the SST ratio, RSSTJOW-energy, of the considered here two different
branching ratios for decays of the B bosons at low energy

RSSTJOW_energy (KSO or K*+) = BR(BOH+H_9 KSO M+M_) / BR(BOe-pe_e KSO e+e_) =

Emphasize that the result Rssrjow-energy = 0.71955 follow from the fact that inside
baryons the electron-positron pairs are created more frequently than the u+u_ pairs.
Value of the fine structure constant increases at high energies because there increases the

local effective electric charge. For value about OLem pigh-energy = 1 / 127.54 (see (2.3.15)) we
obtain

RSST,Ihigh—energy (KSO or K*+) = OCW(p)/ (OLW(p) + aem,high—energy) =0.7048. (14..3)

Our results, i.e. Rssrjow-energy = 0.720 and Rss pigh-energy = 0.705, are consistent with
the last experimental datafor B® > K< 1*1™ decaysand B > K* ™ I'1” decays[1]

R(Ks?) = 0.66%% 14 (stat.) **% 004 (syst.) . (14.4)

R(K* +) — O.7O+O'18_o_13 (stat.) +0.03_0.04 (wst) . (|4.5)

More precise experimental data will show whether our atom-like structure and dynamics of
baryons are correct.
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I5. The structure of Type-X particles

Here, using the Scale-Symmetric Theory, we have described all Type-X particles that are
defined by the following quantum quantities: IG(JPC) =0°(1™).

The X (3872) particle (also known as yc1(3872)) is an exotic meson candidate with a mass
of 3871.65(6) MeV [1]. The origin of this particle is till not fully understood.

The last data concerning its prompt production at (SNN)ll 2 =502 TeV are presented in [2].

The quantum numbers of the Type-X particles (today they are caled fy(...), %c(...) and

. G/ PC\ — At/q++ . .

Ypi(...)) are defined as follows: 17(J) = 07(17") [1], [3]. There are nine such particles[1].

Here we will show that the internal structure of the Type-X mesons applies to al three types
of interactions described in the Standard Model (SM), i.e. strong and weak and
electromagnetic interactions, which allows for their better understanding. It is therefore a very
important problem.

In SST, in the nuclear plasma at very high energy, the Titius-Bode (TB) orbits for the
nuclear strong and electroweak interactions are destroyed so the intrinsic dynamics of the
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cores of baryons dominates. Recently, the Type-X particles scientists detected in very hot
nuclear plasma[2] so their creation must follow from structure of the core.

According to SST, in very hot nuclear plasma, the cores of baryons, for a short time,
are packed to the maximum so they are moving slowly —then are created the Type-X and
other particles so the coupling constant for the nuclear strong interactionsinside baryons
is not running and is as = 1. On the other hand, the running coupling constant for
nuclear strong interactions concerns relativistic baryons. Such a scenario greatly
simplifiesthe dynamics of collisions at high energies.

The core consists of the torus/electric-charge, X* = 318.2955481 MeV, which produces
the bare electron-positron pairs — they are responsible for the electromagnetic interactions
defined by the fine-structure constant ctemy = 1/ 137.035999085012.

Inside the torus/electric-charge are produced the fundamental gluon loops (FGLS), Mrg. =
67.544413 MeV, which are responsible for the nuclear strong interactions. Between
nucleons in atomic nuclel or colliding nucleons are exchanged pions, so we can say that the
neutral pion, ° = 134.976874 MeV (it isapair of FGLS), is the ground state of the nuclear
strong interactions. The coupling constant for the nuclear strong interactions depends on
energy so it isthe running coupling.

In centre of the torus/electric-charge, there is the spin-O spacetime condensate Y =

42412176 MeV ~ 4u*, where u* = 105.65838 MeV denotes the muon. The spacetime
condensates are built of the carriers of photons which are the rotational energies of the
carriers. Photons and the bare electron-positrons pairs carry the electromagnetic interactions so
the spacetime condensates can interact due to the electroweak interactions. When spins of the
carriers of photons in a spacetime condensate do not rotate then the condensate interacts only

due to the nuclear weak interactions defined by the coupling constant ouyp) = 0.0187229. At
higher energies of colliding protons or atomic nuclel, there are created spacetime condensates
with masses higher than Y .

Here we use also the following quantities.

*Mass of electron: M. = e* = 0.510998946 MeV.

*Bare mass of electron: Mg pare = e are = 0.51040705135 MeV.
*|_ifetime of the muon: Tmuon = 2.194935-10° s

*Mass of the condensate in muon: M conmuon = 52.768 MeV.
*Mass of the charged core of baryons: H* = 727.43922 MeV.

Notice that our theoretical results are very close to the central values of the experimental
data[1].

In the core of baryons, most important are following transitions
MegL > 21 Meg (or 3.14159... - 1% > Y >4 1" > K Mepae (K~ 828)  (15.2)
and there isinvolved at least one electron-positron pair 2Mg pare-

Our model of the Type-X particlesis as follows.
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A) SST showsthat the FGLsin nuclear strong fields, despite the fact that they are the
bosons (not fermions), behave as electrons in atoms so we can use the Pauli Exclusion
Principle and the Hund’s rule — it follows from the fact that both the nuclear strong
fields and gluons have internal helicity. In reality, gluons have two internal helicities and
one externa helicity, i.e. they have three “colours’ so there are 8 different gluons. In atoms,
the first shell (K) can hold up to two electrons, the second one (L) can hold up to eight
electrons (2 + 6), and so on. The K shell has one subshell called 1s — when it is fully filled
there are two electrons (15°). The next L shell has two subshells called 2s and 2p — when it is
fully filled there are eight electrons (2s°2p°). The fully filled two first shells contain ten
electrons (1°25°2p°).

Most stable should be particles with fully filled nuclear shells, i.e. a ground state should
contain two FGLSs, while the first excited state should contain ten FGLS.

Masses of the central spacetime condensate in the Type-X different particles must be
different. It follows from the fact that all particles are created simultaneously so mass of
central condensate in the ground state also must be unique.

The spacetime condensates interact weakly and electromagnetically so the product
Olw(p)Olem relates to the ground state (when interactions occur one after the other, the total
coupling constant is the product of the coupling constants).

B) Assume that the X (3872) is the most ground state of the 15(F°) = 0"(1*") particles.
There should be a spacetime condensate, M conew (M congw: J°° = 07), two separated FGLs
(2meaL: I = 0™, and apair of onereal and one virtua spin-1 "€ pairs, Q (Q = e'e™; +
[€"€ 1]viua = 1.022 MeV). On the other hand, in decays of X(3872) we sometimes observe
only one electron-positron pair or only one particle-antiparticle pair composed of charged
particles — it leads to conclusion that the observed J of Q is 1. The observed parity and charge
parity of the Q both should be +1. So we have for Q: (7)opserves = 1. The Q is exchanged
between the spacetime condensate and the FGLs.

The Q isa quadrupole of fermions— the four-fermion symmetry dominatesin the core
of baryons.

C) Quantization of the mass M con gw follows from the condition that its electroweak mass
isequal to mass of the bare electron.

Mass of the spacetime condensate M con ew
In SST, when interactions of a particle with amass M are defined by a coupling constant o
then there are created objects with masses equal to M;

Mi=ao; M. (15.2)

When interactions occur one after the other, the total coupling constant is the product of the
coupling constants

Mtota =11 o M . (15.3)
From point C) and from (15.3) we have

M con,Ew Olem Olw(p) = Mepare (15.4)
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SO we obtain

M congw = 3735.75 MeV . (15.5)

Structure and quantum numbers of X(3872)
From the point B) we have

M conew(3735.75 MeV) + 2 Mg, + Q = 3871.86 MeV and (™ )opserved = 17 . (15.6)

It isthe X(3872) = 3871.65(6) MeV [1].

Lifetime of X(3872)
In SST, there is obligatory following formulafor lifetime

TLifeime ~ 1/ . (15.7)

Range of the nuclear strong interactions in baryonsis ~3.0 fm so atypical lifetime for such
interactionsists~ 3.0 [fm] / c= 102 s

The X(3872) decays due to the transition from the strong interactions of FGLs to the weak
interactions of the spacetime condensate M con gw, SO we have

This lifetime relates to the full widthI" = 1.2 MeV (I' = A / T_itetime) — it iS consistent with
experimental data [1].

M asses of particles defined by 1° (J7°) = 0" (1)

We have 9 such particles: four y¢1 and three yp; (see Table 15) and two f;.

We clam that their basic states/particles (they are not the ground states with lowest
energy/mass) are as follows: %c1(3872), yp1(2P) with a mass of 10255.46(72) MeV and
f1(1285) = 1281.9(5) MeV [1] —we prove it below.

To conserve the quantum numbers of the basic states, there can be realized following
scenarios.

*The basic particles can absorb a pair of pions. When the pions are charged then there is
produced a virtual spin-0 electron-positron pair. For such objects is J€ = 0", Then mass of
the basic particles increases by 269.95 MeV for two neutral pions and by 279.14 MeV for

' pair with virtual spin-O electron-positron pair. The mean value is Frmen = 274.55
MeV.

*Next they can both absorb two separated FGLs with a total mass of Frg. = 2Mpg. =
135.09 MeV, or emit the X "X~ pair with virtual spin-0 electron-positron pair — then the mass
decreases by Fx() = 636.59 MeV. For such objectsis J*° = 0",

The basic state of .1 is (it isthe 15” state for the FGLs — the K shell)

¥cl,basic — MCon,EW +2 Mg + Q = 3871.86 MeV . (15.9
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Calculate mass of a spacetime condensate when two electromagnetic interactions occur one
after the other — from (15.3) we have

M con g Olem” = Mepare (15.10)
SO we obtain
M con.ee = 9584.86 MeV . (15.12)
The basic state of ypy is (it is the 1s°25°2p° state for the FGLs —the K plus L shells)
Yo1basic = Moonee + 10 Meg. + Q = 10261.32 MeV . (15.12)

Assume that electromagnetic mass of a spacetime condensate M con g is equal to the mass of
bare electron

M cong Clem = Me bare (15.13)
50 Mcone = 69.944 Mev.

Table 15 The particles chi_c and chi_b with (™) = 0%(1*)

Structure Ac1 Ac1 Ab1 Ab1
Theory Exper. [1] Theory Exper. [1]
[MeV] [MeV] [MeV] [MeV]
Basic 3871.86 | 3871.65(6) | 10261.32 | 10255.46(72)
Basic+Frmean 4146.41 | 4146.8(2.4) | 10535.87 10513.4(7)
BasictFrmeantFrol | 4281.50 4274°°, 10670.96 ~10648 ?
BasictFrmeanrFx@ | 3509.82 | 3510.67(5) 9899.28 9892.76(57)

Assume aso that in the basic state of f1, there is fully filled the M shell (it is the 35?3p®3d™°
state, i.e. there are 18 the FGLYS)

fl,basic = f1(1285) = MCon,E + 18 Mg + Q = 1286.77 MeV . (15.19)

The f1(1285) cannot emit the Fx+) as it is doing by the chi_c and chi_b particles because
Mcone << Fx()- But the f1(1285) meson can fully fill the K shell for the FGLs (15%) so we
have

f1(1420) = £,(1285) + 2 M. = 1421.85MeV . (15.15)
Probably the f1(1420) meson can fully fill the L shell for the FGLs (25°2p°) so we have

f1(1959) = f1(1420) + 8 meg. = 1962.21 MeV . (15.16)
)

We predict also anew 1© (J7°) = 0" (1) chi_b particle with a mass of (see Table I5)

1p1(10659) = 10648 +~ 10671 MeV . (15.17)
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The second proposal for the chi_bl mesons, that leads to similar a little lower masses, we
present in Section |12 — masses of them are closer to experimenta data because they are created
at lower energies nearly the edge of the strong fields, not in the cores of baryons.

To conserve the quantum numbers of the basic chi_c and chi_b mesons presented here,
there must be absorbed or emitted the pairs composed of uncharged particles, i.e. 2Mgg. or
2n°, or the quadrupoles of charged particles, i.e. 2(T" + Meyirua) oF 2(X* + Mevirwa)-
Probability of absorption and emission of heavier pairs by the basic X particles is higher — it
follows from the fact that lifetime of heavier pair is shorter so coupling constant is bigger and
vice versa

There are absorbed associations of gluons and there are emitted quadrupoles of fermions — it
follows from the fact that there are the shells for FGLs while quadrupoles of fermions are
emitted by spacetime condensates when they are excited by the absorbed FGLs. Probably the
first absorption (of 27t° or 2(7:i + Meyirua)) forces the emission of the X*X™ pair of fermions
by the spacetime condensate.

By the way, notice that coupling constants for electroweak interactions of condensates are
weaker than the strong interactions of FGLs so the electroweak interactions are slower. When
we neglect the hyperon X°, the hyperons are created quickly due to the strong interactions and
decay slowly due to the weak interactions.

We can see that the stronger/faster interactions of the particles are, generally, realized
first.

The other possibilities
Assume that nuclear weak mass of a spacetime condensate M conw is equal to the mass of
bare electron

M conw Olw(p) = Mebare (15.18)

0 Mconw = 27.261 MeV.
But SST shows that to create a metastable spacetime condensate, it should have mass equal

or higher than the mass of the spacetime condensate in muon M conmuon = 52.768 MeV. It

leads to conclusion that we should not observe some X particles containing M conw-
Calculate mass of a spacetime condensate when two nuclear weak interactions occur one
after the other — from (15.3) we have

M conww OLw(p)z = Mg pare (15.19)
SO we obtain
M conww = 1456.03 MeV . (15.20)

But this mass is very close to mass of the H'H™ = 1454.88 MeV pair so the condensate

M conww Very quickly decays into such pair so some X particles containing such a condensate
are not created.

Probability of creation of spacetime condensates due to three or more interactions
occurring one after the other isvery low so here we do not investigate them.



162

Summary

The strength of our mode is simplicity and consistency of theoretical results with
experimental data.

Very important is the fact that mass of the spacetime condensate in X(3872) is due to a
resonance between its electroweak mass and mass of the bare electron! Therefore, there are
no accidental coincidences in the presented model.

Emphasize that our theoretical masses for particles defined by the 15(°%) = 0*(1™)
guantum numbers are very close to experimental data — it validates our model of the core of
baryons described within the Scale-Symmetric Theory. In the Standard Model, the calculate
masses of particles are much worse than in SST, and in SM, we must apply much more
parameters.

We showed that we can apply the Pauli Exclusion Principle and the Hund' s rule to the FGL
shells around the spacetime condensates.

We predict two new Type-X particles.

The SM is incomplete and it partially incorrectly describes Nature. We are not only unable
to define the structure and dynamics of dark matter and dark energy within SM, find the cause
of the matter-antimatter asymmetry or explain why gravity and the SM interactions cannot be
described within the same methods, but we are also unable to calculate the exact masses, spin
and magnetic moments of the proton and neutron, so of the basic building blocks of ordinary
matter. The origin of masses of neutrinos also cannot be explained within SM, also origin of
physical constants and we cannot solve tens of fundamental problems. Contrary to the
mainstream scientific community, we can safely say that in practice basic physics is in its
infancy. Some physicists say we know almost everything, and the truth is, we know almost
nothing. It really is time to come to your senses. Time for radical changes and the SST is an
effective solution.
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I6. Internal structure of all particles

We already described internal structure of gauge bosons, Higgs bosons, leptons, masses of
quarks, lightest mesons, kaons, A(1232) resonance, al Upsilons, nucleons, hyperons, all chi-b
and the Type-X particles. Here we described al other baryons with 4- or 3-star status (144
baryons) and all other mesons marked with a dot on the list of mesons (116 mesons). We
described also the pseudoscalar axion and solved the strong CP problem not viaan axion field.

All masses are in MeV so for simplicity we omit units.

In baryons is a core and relativistic pions (we call them the W pions) inthed =1, 2 and 4
states. At higher energies, there can appear relativistic pion or kaon in the d = 0 state that
transform into the spacetime condensates, C, that are scalars. There can be created also neutral
or charged gluon loops overlapping with the d states (we call them the S particles). The
approximate masses of the W pions and S loops are listed in Table 16.1. The XX = X*X™ =
2:318.2955 MeV = 637 MeV is mass of the pair composed of the torus/electric-charge in the
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core of baryons and its antiparticle — mass of it in d = O state is 5732 MeV and such
pseudoscalar, Psxx, appears in the bottom charmed mesons.

For properties of hyperons are responsible the relativistic pions in the d = 2 state which is
the ground state above the Schwarzschild surface for the nuclear strong interactions.

The experimental central masses of baryons and their resonances are from [1], [2] and [3].

The symbol A(1232 | 1233) means that it concerns the A(1232) resonance and that our
theoretical massis 1233 MeV and it is marked in red.

The symbol {3/2u} means that J = 3/2, the sense of Jis*“up”, and the parity isP = +1. Our
results are marked inred. The“d” in {3/2°d} meansthat the sense of Jis “down”.

Table 16.1 Masses of W pions and Sloops[MeV]

St"étes Stad | S Wi, Wio)d
0 727 725 | C.=1257 | C,=1215
CKJ_r = 4445 CK = 4480
PSxx = 5732
1 423 421 216 209
2 298 297 182 176
4 188 187 162 157

The 1%(JF™) quantum numbersin SST
The basic objects presented in Table 16.2 are created inside the nucleons, hyperons, and are
the parts of mesons.

Table 16.2 Basic objects created in baryons

Object Mass[MeV] N
n° (the single neutral pion) 135 17(07)
no* Mean 138 (0)
MegL (Spin-1 fundamental gluon loop) 67.5 01 ")
W o) gluons or S open gluon loops
AW,.4 (agluon [1]) 19.4
2MeGL 135 O+(O_+) or O+(2_ *
2W(0) or 28(0)
2AWy.4 39
The single gluons in the pairs interact
one with other
2MeGL 135 O+(O++) or O+(2++)
2W ) Or 25) or 2AW 2.4
The single gluons in the pairs do not
interact with each other
3MraL 203 O_(l_ _)
The single gluons in the triplet do not
interact with each other
Spacetime condensates C 0°(0™)
Pseudoscalar Psyx 5732 0(0)
XX~ 637 (0)or (1)

*When spins are antiparallel then it behaves as neutral pion. When we change
the sense of a vector boson in a particle then parity is conserved.
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The transitions of the relativistic pions from the d = 2 state to the d = 4 state, cause that
there appear the vector bosons with a mean mass AW»4 = 19.367 MeV = 19 MeV {I°(J°) =
o (1 ).

Notice that neutral pions are the binary systems of the FGLs.

We know that the baryon resonances decay due to the nuclear strong interactions. On the
other hand, parity, P, isconserved in nuclear strong interactions and el ectromagnetic ones.

Below we present some examples concerning the SST.

The SST Higgs boson is the non-rotating spacetime condensate composed of the confined
SST-absolute-spacetime (SST-As) components so it is a scalar 19(F) = 0°(0*"). Such scalars
decay, generaly, to two photons. The same concerns the condensate in centre of baryons or
the predicted in SST scalar withamassof ~17.1 + 17.2 TeV.

The SST neutra pion isthe pseudoscalar J© = 0™ (two spin-1 loops with antiparallel spins
and the same internal helicity) — it decays to two photons. In such a way was organized the
neutron matter in the Protoworld — there were the thin-disc massive protogal axies composed
of neutron stars so we observe too many massive thin-disc galaxies in comparison to the
predicted number of them in the mainstream Lambda cold dark matter (ACDM) model in the
standard model of cosmology.

Photon and gluon are the rotational energies of the SST-As components so they are the
vectors J° = 17", The same concerns the spin-1 gluon loops and the open gluon loops created
in the nuclear strong interactions. For the single vectors is C = —1 (photons in strong fields
behave as gluons).

We define isospin as a number of members in a multiplet, N, minus one and then we divide
it by two.

We aready described the isospin selection rules for nucleons and hyperons.

Isospins, |, of the baryon resonances, because of the attached only neutral objects, are the
same as the basic particles: [ = 1/2 for N, I =3/2 for A, I1=0 for A,I=1 for X, 1 = 1/2 for E
and I = 0 for Q. Isospin of baryons follows from number of charge states, Ng

No=21+1. (16.1)
The G-parity is defined as follows
G=(-1)"*5*". (16.2)
SST shows that for the gluon loops (due to their behaviour) isL = 0, so we have
G=(-1)"%. (16.3)

For the neutral pion is| =1 and there are two gluon loops so we have G = —1.
For asinglegluonwe havel + S=1s0G=-1

But there are 17 mesons (about 12% of all mesons with defined 1°(F)) that do not fit to
the above SST model: the 10 Type-X particles and 7 other particles, i.e. two a; mesons, two
71 mesons, y2(3823), Rxp(4240) and Y2(1D). We claim that such discrepancy follows from the
fact that such particles contain the spin-0 quadrupole composed of one real spin-1 electron-
positron pair and one virtual spin-1 electron-positron pair — for such an object is 1°(JF°) =
0°(0™) but the unobserved spin-1 of the virtual pair causes that the observed quantum
numbers are as follows: {1°(J)} opserved = 07(17) —its massisQ ~ 1 MeV.
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Part 1: Baryons

A(1232)

We already described the origin of the A(1232) resonance:

A(1232]1233) {3/2"} = 1232.83 MeV (see Section 2.22).

The basic objects in A(1232) are created in the d = 2 state, i.e. in the ground state above the
Schwarzschild surface for the nuclear strong interactions. Radius of the d = 2 state is Ry=2 =
1.7011 fm. It means that the FGL produced in the core of baryons reaches the d = 2 orbit after
1= Rg-/ €= 5.67-10>" 5. From formula T' = h/ T we can calculate the full width that relates
to t: 116 MeV. On the other hand, the Breit-Wigner full width for mixed charges of the
A(1232) is 114 <T < 120 MeV [1] so our result (116 MeV) overlaps with the experimental
data— it validates our assumption that the basic objects listed in Table 16.2 indeed are created
inthed = 2 state.

J for So),¢=2 can be 1" for open gluon loop and ~2~ for gluon loop (it follows from the fact
that when it behaves as the Sy 4 object then there is J = 2.6 k while when it behaves as the
W(0),d Object there isJ~ 1.6 h so the mean value is ~2.1 k). The mean value ~2.1 k is not equal
to J = 2 so the correct structure of A(1232) is defined by formulae in Section 2.22. Moreover,
the sum N(939) + S)a=2 > A(1232 | 1233) so the second state is the ground state.

From formula I" = h ¢/ R we know that width is inversely proportional to distance covered
by gluons and that for R~ 1.7 fm is about I' = 116 MeV — it is for the A and X resonances. It
means that when most of gluons are created in d = 0 state (then AR = 1 fm) then I' = 200
MeV, when most are created ind = 1 (AR = 0.5 fm) then I' = 400 MeV - it is for the N and A
resonances. When most are created on the d = 2 (then maximum distance is equal to diameter:
AR = 3.4 fm) then I' = 60 MeV — it is for the Z and Q resonances. But different intrinsic
interactions can change value of the mean full width. Generally, in more massive resonances
gluons cover bigger distances.

There are the four charge states so isospin of A(1232)"""* is| = 3/2.

Nucleon resonances
N(939|939) { 1/2"u} +4 n° {0} + mee {17d} = N(1535 | 1547) {1/2}

N(939 | 939) { 1/2°U} + 2 Seoya=2 {27d} = N(1520 | 1533) {3/2'}

N(1520 | 1533) {3/2°u} = mee, { 17U} + N(1440 | 1465) { 1/2*u}

N(1440 | 1465) { 1/2"u} + 3 mea {17d} = N(1650 | 1668) { 1/2'}

N(1650 | 1668) { 1/2°u} + mee, { 17U} = N(1720 | 1736) {3/2%}

N(939 | 939){ 1/2°U} + Seoye2f 17U} + Sepa={ 1A} + 2 meaL{ 27U} = N(1675 | 1668) {5/2}
N(1535 | 1547) { V2°u} + 2 mea, {27U} = N(1680 | 1682) {5/2%}

N(1680 | 1682) {5/2u} + AWa.4 {17d} = N(1700| 1701) {3/2'}

N(1700 | 1701) {3/27u} + AWo4 {17d} = N(1710 | 1720) {1/2}

N(1720 | 1736) {3/2"u} + 2 1°{0"} + meoL {170} = N(2060 | 2074) {5/2'}

N(2060 | 2074) {5/2°u} + 4 n° {0} = N(2570 | 2614) {5/2'}
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N(2060 | 2074) {5/2°U} > AWa.4 { 17U} + N(2040 | 2055) { 3/2°u}

N(1710 | 1720) { 1/2°U} + Speeaf 17} + meay { 17U} = N(2100 | 2085) {1/2°}
N(2100 | 2085) { 1/2*u} = 3 meeL {17d} + N(1875 | 1882) {3/2u}

N(1875 | 1882) {3/2°u} = AW, {17d} + N(1860 | 1863) {5/2 u}

N(1875 | 1882) {3/2°u} + AWa.4{17d} = N(1880 | 1901) { 1/2'}

N(1880 | 1901) { 1/2*u} + AWo4 {17d} = N(1895 | 1920) { 1/2°}

N(1895 | 1920) { 1/2 u} + AWa.4 { 1u} = N(1900 | 1939) {3/2'}

N(1710 | 1720) {1/2*u} + 2 2°{0%} + 4 meoL {4°U} = N(2220 | 2260) {9/2'}
N(2220 | 2260) {9/2*u} + 2 1° {0} + mear { 17U} = N(2600 | 2598) {11/2'}
N(2220 | 2260) {9/2*u} > meeL { 17U} + N(2190 | 2192) { 7/27u}

N(2600 | 2598) {11/2"u} + meaL {170} +2 AW, {07} = N(2700| 2705) {13/2"}
N(1700 | 1701) {3/2u} + Siga2 { 17U} = N(2000 | 1998) {5/2°}

N(1720 | 1736) {3/2*u} + n° {07} + 2 mee, {270} = N(1990 | 2006) { 7/2'}
N(1680 | 1682) {5/2u} + 4 n°{0*} + 2 AWa4 { 27U} = N(2250 | 2261) {9/2'}
N(1990 | 2006) {7/2*u} + 2 meeL {27d} = N(2120 | 2141) {3/2}

N(2100 | 2085) { 1/2*u} + n° {0} + meaL {17d} = N(2300 | 2288) { 1/2}

Delta resonances
A(1232]1232.8) {3/2"u} =N(938.92) {1/2"u} + 1" 4(274.55) {0} + AW,.4(19.37) {1u}

A(1232 | 1233) {3/2°U} + Spa=2 { 17U} + MeeL {17d} = A(1600 | 1598) {3/27}
A(1600 | 1598) {3/2"u} + AW,4 {17d} = A(1620 | 1617) {1/2'}

A(1620 | 1617) {12 u} +° {07} = A(1750 | 1752) { 1/2}

A(1750 | 1752) { 1/2"u} > meaL {17d} + A(1700 | 1684) {3/27u}

A(1620 | 1617) { 1/27u} +2 7° {0} = A(1900 | 1887) {1/2'}

A(1900 | 1887) { 1/Z7u} + 2 AWa4 {27u} = A(1905 | 1926) {5/2'}

A(1900 | 1887) {1/27u} + AWa24 {17d} = A(1910 | 1906) { 1/2'}
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A(1900 | 1887) { /2 u} + AWa4 {17u} = A(1920 | 1906) {3/2'}

A(1920 | 1906) {3/2"u} + AWa4 {17u} = A(1930 | 1925) {5/2'}

A(1910 | 1906) { 1/2"u} + AWa4 {17u}= A(1940 | 1925) {3/2'}

A(1930 | 1925) {5/27u} + AWo4 {17u} = A(1950 | 1944) {7/2'}

A(1700 | 1684) {3/2°U} + Seyee2 {170} = A(2000 | 1981) {5/2"}

A(1940 | 1925) {3/27u} + n° {0} + mea {17d} = A(2150 | 2128) { 1/2'}
A(1905 | 1926) {5/2*U} + Siopa=2 { 1u} = A(2200 | 2223) {7/2'}

A(2200 | 2223) {7/2°U} + meL {17u} = A(2300 | 2291) {9/2}

A(2300| 2291) {9/2"u} + n° {07} = A(2400 | 2426) {9/2}

A(2400 | 2426) {9/Z°U} > AW,4 {17d}+ A(2390 | 2407) {7/2u}
A(2400 | 2426) {9/27u} + AWo4 {17u} = A(2420 | 2445) {11/2'}
A(2400 | 2426) { 927U} + Spamz { 17U} + AWoq {17u} = A(2750 | 2742) {13/2'}
A(2750 | 2742) {13/2°u} + 3 meaL {17u} = A(2950 | 2945) {15/2°}
A(2390 | 2407) {7/2"u} > meaL {17d} + A(2350 | 2339) {5/27u}

Lambda resonances
A(1116) {2/2°U} + Sipa=2 {17d} = A(1405 | 1413) { 1/2'}

A(1116) {1/2*u} +2 7°{0"} + 2 meeL {27d} = A(1520 | 1521) {3/2}

A(1520 | 1521) {3/2°u} > meeL { 17U} + meey {17u} + A(1385 | 1386) { 1/2d}
A(1405 | 1413) {1/27} + 2 n°{0"} = A(1670 | 1683) { 1/27}

A(1670 | 1683) {1/2u} > mea {17u} + A(1600 | 1615) { 1/2°d}

A(1405 | 1413) {1/2°U} + Spa=2 {17d} = A(1710 | 1710) { 1/2"}

A(1710 | 1710) {1/2°u} > AWa4{17d} + A(1690 | 1691) {3/2 U}

A(1520 | 1521) {3/27U} + Spa=2 {17u} = A(1820 ] 1818) {5/2"}
A(16701683) {1/2} + 7n° {07} = A(1810 | 1818) {1/2"}

A(1810 | 1818) {1/2°u} > AWa4{17u} + A(1800 | 1799) {1/2 d}

A(1820]1818) {5/2"} +2 AW24 {07} = A(1830 | 1857) {5/2}
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A(1830 | 1857) {5/2°u} + meg {17d} = A(1890 | 1925) {3/2"}

A(1800 | 1799) {1/27u} + 1° {0} + 2 Mg {27u} = A(2080 | 2069) {5/2'}
A(2080 | 2069) {5/2°Uu} > AWa24{17u} + A(2070 | 2050) {3/2"u}
A(2070 | 2050) {3/2°U} > 2 AW24{0} + A(2050 | 2011) {3/2 u}
A(2080 | 2069) {5/27u} + AW24{17u} = A(2085 | 2088) { 7/2'}

A(1710 ] 1710) {1/2°u} + So)e=2 {17d} = A(2000 | 2007) {1/2°}

A(1820 ] 1818) {5/2°u} + So)a=2 {17u} = A(2100 | 2115) {7/2°}

A(2100 | 2115) {7/2°u} > AWa4{17u} + A(2110 | 2096) {5/2"u}
A(2050 | 2011) {3/2u} + 2 n°{0"} = A(2325 | 2281) {3/27}

A(2050 | 2011) {3/2u} + 4 n°{0"} = A(2585 | 2551) {3/2'}
A(1810]1818) {1/2"u} + 2 1° {0} + 4 mraL {4Tu} = A(2350 | 2358) {9/2"}

Sigma resonances
(1193) {1/2"u} +n° {07} + meg {17u} = (1385 | 1396) {3/2'}

%(1385 | 1396) {3/2"u} + 1° {07} + 2 Mg {27d} = (1660 | 1666) {1/2}
¥(1660 | 1666) { /2 u} + AW24{17u} = 2(1670 | 1685) {3/2}
¥(1385]1396) {3/2"u} + 4 n° {0"} = Z(1940 | 1936) {3/2"}

2(1940 | 1936) {3/2°u} > Sia=2 {1u} + (1620 | 1639) { 1/2 u}

(1620 ] 1639) { /2u} +27°{0"} =X(1900 | 1909) { 1/27}

2(1900 | 1909) { 1/2u} + 2 AWo4 {27u} = (1915 | 1948) {5/2}

3(1620 | 1639) {1/27u} + 7° {0} + 2 meaL {27d} =2(1910 | 1909) {3/27}
3(1910 | 1909) {3/27u} > n° {07} +2(1780 | 1774) {3/2"u}

X(1780 | 1774) {3/2"u} > AWo4 {17d} + X(1775 | 1755) {5/2u}

X(1780 | 1774) {3/2"u} > AWoq {17u} + X(1750 | 1755) { /2 u}

¥(1750 | 1755) { U2 u} + n° {07} = (1880 | 1890) { 1/2"}

(1880 | 1890) { 1/2°U} > Sya=2 {17d} + X(1580 | 1593) {3/2"u}
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¥(1780 | 1774) {3/2"u} + 2 7°{0"}=2(2080 | 2044) {3/2}

T(2080 | 2044) {3/2"u} + meaL {17d} = £(2110]2112) {1/27}

(2110 | 2112) { U2 u} + 2 meg {27d} = £(2230 | 2247) {3/2"}

$(2230 | 2247) {3/2°u} > 2meg {27d} + (2110 | 2112) {7/2°u}

T(1880 | 1890) { 1/2"u} + 2 meg {27d} = (2010 | 2025) {3/27}

$(2010 | 2025) {3/27u} +2 AW24{27u} = £(2030 | 2064) {7/2"}

Notice also that mass distances between some resonances with the highest masses are close
to mass of four pions, for example

>(3170) —X(2620) = 550 MeV = 4 1°

X(3000) —X(2455) = 545 MeV = 4 1°.

On the other hand, SST shows that one of a few new symmetries is the four-particle
symmetry. Moreover, SST shows that range of an association of four neutral pionsis equal to

the equatorial radius of the core of baryons.

Xi resonances
Z(1315) {12"u}+n° {0} + meg. {17u} = Z(1530 | 1518) {3/2"}

2(1315) {1/2°U} + Seopa-2 {17d} = 5(1620 | 1612) {1/27}
2(1620 | 1612) { 1/2°u} + megL { 17U} = E(1690 | 1680) {3/2'}
£(1690 | 1680) {3/2"} +n° {07} = £(1820 | 1815) {3/2'}
2(1820 | 1815) {3/27} +n° {07} = (1950 | 1950) {3/2'}
2(1950 | 1950) {3/2°u} + meey {17u} = £(2030 | 2018) {5/2'}
2(1820 | 1815) {3/2°U} + Seeee {17d} = (2120 | 2112) { 1/2"}
5(2120 | 2112) {127} + 7° {07} = 5(2250 | 2247) {1/2}
2(2250 | 2247) {127} +7° {07} = (2370 | 2382) { 1/2'}
2(2370]2382) {1/2"} + n° {07} = £(2500 | 2517) { 1/2}

Omega resonances
0(1672) {1/2*u} + 2 7°{0"} + meaL {17u} = E(2012 | 2010) {3/2}

0(1672) {1/2°U} + 2 Sigya=2 { 27d} = E(2250 | 2266) {3/27}
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M asses of the charmed and bottom baryons

In decays of the charmed and bottom baryons, very frequently appear pions and kaons. On
the other hand, such baryons live relatively long so it suggests that there appears a spacetime
condensate which interacts due to the sow weak interactions. We clam that there is a
transition of relativistic neutral pion or relativistic neutral kaon in the d = O state (their mass
increases about 9.0036 times — see (2.4.8)) into spacetime condensate. Masses of the
condensates are as follows

C,=1215MeV and Cx = 4480 MeV . (16.4)
Notice that these masses are close to masses of the charm and bottom quarks [1]
me = 1270(20) MeV  and my = 4180"*° 5 MeV . (16.5)
Within SST we calculated masses of gluon loops that relate to the masses of quarks. Such
gluon loops can transform into spacetime condensate. Here we need mass of spacetime
condensate which is equal to mass of the SST charm quark (see Paragraph 2.23)
Cesst = 1267 MeV . (16.6)
The gluon-condensate ambiguity causes that it is difficult to determine clearly parity and
spin of the charmed and bottom baryons so here we concentrate, first of al, on the masses.
We already calculated the mean lifetime of hyperons (tyifeime = 1.1-107° s) that decay due
to the nuclear weak interactions — the coupling constant is owp = 0.0187229. On the other
hand, due to the additional pions, FGLs, and transitions from relativistic pions to condensates
in the c-baryons and b-baryons, we have a transition from the nuclear weak interactions into

the nuclear strong interactions (inside slowly moving baryons, the coupling constant for the

nuclear strong interactions is as = 1) so, because Tjiteiime ~ /ot (See (1.4.29)), lifetime of the b-
baryons and the c-baryons should be close to

Tlifetime,Bb,Bc = TH,lifetime Olw(p) / Ols ~ 210 s, (16.7)

Notice also that the additional condensate in c-baryons has lower mass so it should have an
influence on lifetime.

M asses of the charmed baryons ar e as follows.
A(2286 | 2288)" {1/2"u} =p(938) {1/2°u} + C,. {0} + mreL {17U} + meg {17d}

A2595 | 2597) { /2 u} = A(2286 | 2288)* { 1/2°U} +2 7° {0} + 2 AW, {0}

Ad(2625 | 2626) {3/27u} = AL(2286 | 2288)* { 1/2"u} + 2 n°{ 0"} + meaL {170}

AL(2860 | 2867)* {3/2*u} = A(2595 | 2597)* {1/27d} + n° {0} + meoL { 17U} + Mee {170}
AL(2880 | 2867)* {5/2*u} = A(2595 | 2597)* {1/27u} + n° {0} + meoL { 17U} + Meey {170}

A2940 | 2935)* {3/27u} = A(2880 | 2867)" {5/2°U} + meg, {17d}

¥(2455 | 2460) { 1/2"u} = %(1193) {1/2"u} + Ccsst {0}
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T(2520 | 2528) {3/2"u} = £(2455 | 2460) { 1/2°u} + mreL { 17U}
J has not been measured, 3/2" is the quark-model prediction [1]. Our valueis3/2 .

(2800 | 2798) = £(2520 | 2528) {3/2°u} + 2 7°{ 0"}
2(2468 | 2461)" + 1~ = £(1315 | 1315)° + Cossr + AWas
J has not been measured, 1/2" is the quark-model prediction [1].

Z(2470 | 2466)° + 1° = E(1315 | 1315)° + Cessr + AWag
J has not been measured [1].

Z°(2578 | 2596) = £.(2468 | 2461) + n°
E4(2645 | 2635) = 2°((2578 | 2596) + 2 AW2.4
E4(2790 | 2770) = 22645 | 2635) + n°
E4(2815 | 2809) = Z((2790 | 2770) + 2 AW
E4(2970 | 2944) = 22815 | 2809) + n°

Notice also that 1° + 2 AW,.4 = 174 MeV =~ Wio),d=2 = 175.7 MeV s0 there is an additional
resonance.

23055 | 3040) = E((2790 | 2770) + 2 7°

=4(3080 | 3079) = E(2815 | 2809) + 2 n°

02695 | 2666)° + 1+ n° = Q(1672 | 1674)” + Cessr
Q2770 | 2734)° = Q(2695 | 2666)° + Megy

03000 | 3004)° = Q2770 | 2734)° + 2 7°

0(3065 | 3072)° = (3000 | 3004)° + MeaL

(3050 | 3053)° + AW,.4 = (3065 | 3072)°
043090 | 3092)° = (3050 | 3053)° + 2 AWo.4
043120 | 3111)° = Q3090 | 3092)° + AW..4

M ass of the doubly charmed baryon is as follows.
(3622 | 3638)™ + 2 = Z(1315 | 1315)° + 2 Cesst + MraL

M asses of the bottom baryons are as follows.
Ap(5620 | 5595)° {1/2"u} = A(1116 | 1115)° {1/2"u} + Ck {0%}
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Ap(5912 and 5920 | 5933)° { 1/2 uor 3/2°u} =
= Ap(5620 | 5595)° { 1/2"u} +2 n° {0"} + meg {17d or 17u}
Ap(6070 | 6068)° = Ap(5912 and 5920 | 5933)° + n°

Au(6146 and 6152 | 6136)° = A(6070 | 6068)° + MeaL

T(~5813 | 5808) = £(1193)° + Cx + n°
T* (<5833 | 5827) = Zp(~5813 | 5808) + AWo.g

(6097 | 6097) = X*(~5833 | 5827) + 2 °

E5(~5795 | 5795) = £(1315 | 1315) + Cx
=’ p(~5945 | 5930) = E(~5795 | 5795) + n°

25(6227 | 6200) = ' ,(~5945 | 5930) + 2 7°

Q,(6046 | 6019) + 1° = Q(1672 | 1674) + Cxk

Q,(6316 | 6311) = (1672 | 1674) + Ck + Wig)d=4

M asses of the P, baryons

In the Type-X mesons, there is the spacetime condensate with a mass of Cx = 3736 MeV
(see Section 15). We claim that such a condensate isin P."(4312)"

Py(4312 | 4310)" + 2W(sy a2 = p(938 | 938) + Cx

PL(4380 | 4378)" = P((4312 | 4310)" + MeL

PL(4440 | 4445)" = P(4312 | 4310)* + n°

PL(4457 | 4464)" = P{(4440 | 4445)* + AW.4

Notice that the six objects, i.e. mrgL, n°, AW24, W and S vectors in the d = 2 state, and
spacetime condensates C, are the typical objects inside baryons.

Part 2: Mesons

Light unflavored mesons
We already described the internal structure of pions.

n(548 | 549) O+(O_+) =Cy 0+(O++) + Mg 07(17 "u) + 2AWoy 0+(0_+) + AWa4 07(177d)
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In centre of all baryons, there is the spacetime condensate Cy ~ 424 MeV so it also appears
in the mesonic nuclei.

(958 | 964) 07(07) =n(548|540) 0°(0") + Cy 0°(0™)

n(1295|1292) 0°(0) =1,(1270 | 1253) 0°(2u™) + 2 AW,4 0" (2d™)

n(1405 | 1379) 0°(07) =1(1295]1292) 0°(0) + (MraL + AW,4) 0°(0™)

n(1475] 1494) 0°(0™) =n(548|549) 0°(0) 0°(0") + 14 meg. 0°(0")
n2(1645 | 1610) 0°(2u™) + 2 AW,4 07(2d™) =1(1405| 1379) 0°(0") +4 megL 0°(0™)

n2(1870] 1846) 0°(27) =n(1475]1494) 0°(0") + 2 W(g¢=2 0°(2")

fo(500 | 510) 0°(0™) + 2AW,4 0°(0™") =n(548]549) 0°(0)
f5(980]983) 0°(0") =2Cy 0°(0"") +2mes. 0°(0™)

f5(1370| 1350) 0°(0™) =C, 0°(0") + 2 meg. 0°(0™)

fo(1500 | 1485) 0(0™) = (1370 | 1350) 0°(0™) + meg O°(1U™ ) + MeeL 07(1d™ ")
fo(1710 ] 1702) 0°(0"") =£,(1370 ] 1350) 0°(0"") + 2 W(g¢=2 0°(0™)
f,(1270]1253) 0°(2™)=2Cy 0'(0"™) + 4 mee. 0°(0™) + 2 mee. 0°(2")
f,* (1525 | 1523) 07(2") = f»(1270]1253) 0°(2"") + 4 mge. O°(0™)
f,(1950 | 1966) 0°(2"") =4 Cy 0°(0") + 2 meeL 0°(0™) + 2 meeL 0%(2")
f(2010 | 2016) 0°(2"") =14(1710]1702) 0°(0"") + 2 W(ga=a 0°(2")
£4(2050 | 2055) 0°(4™") =f»(2010]2016) 0" (2u™) + 2 AW>4 0°(2u™)
£2(2300 | 2296) 0(2") =14(1710]1702) 0°(0") + 2 Sigya=2 07(2™)

£,(2340 | 2335) 0°(2"") =f,(2300]2296) 0°(2"") + 2 AW,.4 07(0™)

p(770]782) 17(177) =m(548|540) 0°(0) +n°17(0™) + meeL. 0°(177) +2 AW24 0(07)
p(1450 | 1457) 17(17 ) =p(770|782) 1°(1" ) + 10 meg. 0°(0™)
p(1700]1690) 17(1° ") =p(770|782) 1°(1 ) +4mee. 0°(0") + Qxxee 0°(07)

Here the Qxxee = XX €€ = 638 MeV is the real spin-0 quadrupole that transforms into
spacetime condensate.
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p3(1690 | 1690) 1°(37 ) =p(770|782) 17(1u" )+ 3 mee. O (BU ) + meg. 0(1d ) +
Qxxee 07(0™)

®(782]782) 0(1 ) =11mes. O(1" ) +2 AW,4 0°(0™)

®(1420]1418) 0(1" ) =C, 0°(0™) +3mee. 0(17))

®(1650]1688) 0(1™ ") =w(1420]1418) O (1 ) +4meg. 0°(0")

®(1670] 1688) 07(3 ) = (1420 1418) 07 (1u )+ 3 meeL O°(3U ) + Mea. O(1d™ )

(980 1983) 17(0")=2Cy 0°(0™) + n° 17(0") + 2 AWasvirwa 07(07)
a(1260 | 1254) 17(1") = a(980]983) 17(0*) +Q 0°(1*) + 4meaL 0°(0™)

(1640 | 1678) 17 (1) = a(1260 | 1254) 17(1*) + Cy 0%(0™)
It contains Q 0°(1™).

(1320 | 1335) 17(2™) = ay(980|983) 17(0") + 2 Wgae2 072"
a(1450 | 1470) 17(0*") = 8(1320] 1335) 17(2u*") + 2 meaL 0%(2d*)
(1700 | 1701) 17(2u"™) + 2 AW, 07(2d™) = a(1450 | 1470) 17(0"") + 4 meg. 0°(0™)

(1970 1971) 17(4"") = 8(1700] 1701) 1°(2u*") + 3 mes. 073U ) + me. 0°(1d )

®(1020]1013) 0(1" ) =15mee. 0(17")
®(1680 | 1651) 0 (1 ") =®(1020]1013) 0 (1) + Qxxee 07(0™)
3(1850 | 1855) 07(3™ ") =®(1020]1013) O (1u ) + 2 S)e=1 0°(2u™)

d(2170]2169) 07(1™ ") = ®3(1850]1855) 0 (3u™ ) + 2 W(g4=4 0°(2d™)

hy (1170 1148) 0(17) =17 mreL 0 (17 7) + 2 AWagyiua 07(07)

hy(1415 | 1418) 07(17) = hy(1170| 1148) 0(17) + 4 meg. 07(0™)

b1(1235]1234) 17(17) =16 meg. 0°(0"™) +n° 17(07) + AWay 0(17)

n(1300 | 1350) 17(0)=C, 0'(0™) +x° 17(07)

m1(1400 | 1351) 17(17) ==n(1300]1350) 1°(07)+Q 0 (1)
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11(1600 | 1621) 17(17) = my(1400| 1351) 17(17) + 4 mesL 0°(0™)
It contains Q 0°(1™).

m2(1670 | 1663) 17(27) +2 AWa4 0°(0") = (1300 | 1350) 17(07") +2 Wg =2 0°(2")
m(1800|1798) 17(0") =mx(1670]1663) 1 (2u™) + 2 mee. 0°(2d™)
m>(1880]1890) 17(27) =n(1300]1350) 17 (07") + 6 meg. 0°(0™) + 2mes. 0°(27)

K strange mesons

For al kaonsis| = 1/2 so we define only J.

One of the two FGLs in a charged pion (it is a pseudoscalar), due to the transition from its
circumference to its radius, transforms into the spacetime condensate Y — it means that the [Y
+ MeaL + (€V)vinua] is a pseudoscalar. The 4mepae is a scalar, so K* is a pseudoscalar I = 0.
The (€V)virua Stabilizesthe [Y + meg,] pair. We have

K (493.677(16) [3] | 493.708)* = K(493.7 | 493.7)" = [Y + MeaL + (€V)virua] + 4 E'pare

The spin-0 neutral kaon K° is created because the neutral pion, after the transition described
above, attaches the electromagnetic mass of the quadrupole of neutral pions (Mem = 4n°cem =
3.940 MeV) to stabilize the [Y + meg] pair — SST shows that range of the quadrupole 4n° is
equal to the equatorial radius of the core of baryons so it is distinguished.

K(497.611(13) [3] | 497.648)° = K(497.6 | 497.6)° = [Y + MeaL + Man] + 4 €pare

The spacetime condensate Cy =Y in K(497.6 | 497.6)° can decay to maximum 6 FGLs. On
the other hand, the FGLs occupy the nuclear shells for FGLs (see Section 15) and there is the
four-particle symmetry. We have 1s?25°2p° so there are two possibilities, i.e. 15°25° (there
appear 2 pions) or 2p° (there appear 3 pions) — it solves the Tau-Theta problem.

The composition of Ky*(700) is as follows

Ko* (700)mass = 2 Cy 0" SO massis 848 MeV.

But one of the two Cy condensates can decay to two neutral pions so the mean massis
Ko*(700)mean = Cy 0" +2 ° 0" =694 MeV =~ 700 MeV.

We will denote this kaon as Ko* (700 | 848) 0.

K*(892]897) 17 =Cy 0" +3mg. 17 +27° O
K1(1270 | 1249) 1" =K*(892|897) 1 +2Wga=2 O
K1(1400 | 1384) 1" =Ky(1270|1249) 1"+ 2mgg. 0"
K*(1410 | 1437) 1 =K*(892|897) 1 +4r° 0
Ko* (1430 | 1422) 0" : there are two possibilities
Ko* (700 | 848) 0"+ 4 n° 0" = 1388 MeV

K*(1410| 1437) 1u + AW3y4 1d = 1456 MeV,
S0 the mean massis 1422 MeV.
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K2* (1430 | 1422) 2" : there are two possibilities
Ko*(700|848) 0" +37° 0 +2meg. 2 = 1388 MeV
K*(1410| 1437) 1u + AW3y4 1u = 1456 MeV,
so the mean mass is 1422 MeV.

K (1460 | 1461) 0 = K*(1430 | 1422) 0" +2 AWa4 O

K1(1650 | 1664) 1" =K (1460 | 1461) 0" +3 meg. 1

K*(1680 | 1703) 1™ =K4(1650 | 1664) 1" +2 AW,4 O

Ko(1770 | 1775) 27 = K*(1460 | 1461) 0+ 2 W)= 2"

K3(1780 | 1789) 3~ = K*(1410|1437) 1u™ + 2 Wig a2 2u°*

K2(1820 | 1805) 27 = K3(1400 | 1384) 1u* + Sy U™

K2*(1980 | 2001) 2" = K(1460 | 1461) 0" +37° O + 2 megL 2"

K4(2045 | 2040) 4" = K*(1980 | 2001) 2u" + 2 AW,.4 2u’

D charmed mesons
For al D charmed mesonsis| =1 so we define only J.

D(1865 | 1864)° 0 = Cesst 0" + 2 Srygez O
D(1870 | 1869)" 0 =D(1865|1864)° 0 + An" =4.6 MeV 0"
D*(2007 | 2010)° 1" = Cessr 0" + 11 megL 17
D*(2010 | 2015)* 1~ = D*(2007 | 2010)° 1™+ Ax* O

o*(2300 | 2348) 0" = D*(2007 | 2010)° 1u +27° 0" + meg. 1d”
D1(2420 | 2415) 1" = D*(2007 | 2010)° 1" +37° O
D1(2430 | 2424) 1" =D*(2007 | 2010)° 1"+ n°n'n” O
D,* (2460 | 2458) 2" = D*(2010]2015)* 1u + Cy 0 + AW,y 1u
D3* (2750 | 2755) 3™ = D2*(2460 | 2458) 2u” + Sgya=2 1U

D charmed, strange mesons
For al D charmed, strange mesonsis| = 0 so we define only J.

Dg(1968 | 1966)" 0 =Ccssr 0"+ Cy 0"+ 1" 0 +2meg. O
&(2112 ] 2101)* 7 = D(1968 | 1966)* 0" + mee. 1d™ (or 2 meaL)

Dy* (2317 | 2317)* 0" = D4(1968 | 1966)* 0+ 2Wg a2 O
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D«(2460 | 2471)* 1" = Dg*(2317 | 2317)* 0" +7° 0"+ AWy 1

D«(2536 | 2520)* 1" = Dg* (2317 |2317)* 0" +7° O + meaL 17

De(2573|2587) 2" = Dg*(2317|2317)" 0" +7n° O+ 2mMe. 2

D«(2700 ] 2741)* 1" =Dg*(2317]2317)" 0" +27° 0"+ 2meg. 0"+ AWay 17

B bottom mesons

For al B bottom mesons is| = 1/2 so we define only J.

SST shows that there can be a spacetime condensate with a mass equal to the mass of the

charged kaon in the d = O state Cy. = 4445 MeV (see Table 16.1).

B(5279|5279)" 0 =Ck. 0"+ Cy 0"+ n°°n" O
We can see that there are two states because of the 7.

B(5279|5279)° 0 =Ck+ 0"+ Cy 0"+37°0 (or n°n'n~ O)
So there are also two states because of 37° and n°1 7.

There can be aloop (F = 17) with a mass equal to the mass of the SST bottom quark: Lp,ss
= 4190 MeV (see Section 2.23).

B*(5325]5325) 1 =Lpsst 1 +47°0" +2Sp a2 0 (Or 2Se a2 0)

So there are also two states because of 2S) 4=2 and 2S: g=2.

B1(5721|5730) 1" =B*(5325|5325) 1 +37° 0"

B,* (5747 | 5742) 2" =B(5279 |5279)* 0+ Cy 0" +2 AWay 2

Bi(5970|5964) 0 or 2 or 4 = By*(5747 |5742) 2" +7° 0 + MeeL 17+ AWay 17

B bottom, strange mesons

For al B bottom, strange mesonsis| = 0 so we define only J.

There can be a spacetime condensate (F = 0%) with a mass equal to the mass of the SST
bottom quark: Cy, sst = 4190 MeV.

B«(5367 | 5367)° 0 =Cpsst 0" +4n° 0"+ X'X™ O

&(5415|5405) 1 =Lpssr 17 +C, O
B«(5830 | 5810)° 1" = B¢t (5415 5405) 1 +37°0°
Bo* (5840 | 5826)° 2" = B¢+ (5415 | 5405) 1u™ + Sye=1 U

B bottom, charmed mesons
For al B bottom, charmed mesonsis| = 0 so we define only J.

B«(6274|6277)" 0" =Psxx 0"+ n°n’n°n” O

Bc(2S: 6871 | 6871)* 0" =Psyxyx 0+ n°n°n°n" 0" + 2 Sgpg=2 O
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The CCqyii mesons
JAp(1S: 3097 | 3096) O7(1u™ ") + XX~ 07(1d™") =2 D(1870 | 1869)* 0°(0™)
or =2 D(1865 | 1864)° 0°(0")
(3770 | 3771) 0(177) = Jy(1S: 3097 | 3096) O°(1u ") +10 meg. O7(0™)
w(2S: 3686 | 3684) 07(17) + meg. 07(1U™) + AW, 0°(1d ") = (3770 | 3771) 07(17")
(4040 | 4041) 0 (1) =w(3770|3771) 0(1 ")+ 2x°0°(0")
(4160 | 4176) 07(177) =yw(4040]4041) 0(1 ) +2mre 0°(07)
(4230 | 4215) 0(177) =y(4160]4176) 0(1 ) +2 AW,4 0°(0™)
(4360 | 4350) 07(177) =y(4230]4215) 0(1 ) +2mreL 0°(07)
(4415 | 4446) 0(177) =y(4160|4176) 0(1 ) +2x° 0°(0™)

(4660 | 4620) 07(1 ") = w(4360|4350) 0(1 ) +2r° 0°(0")

Ne(1S: 2984 | 2978) 07(0) =2 Cessr 07(0™) +3n°0°(0) + 2 AWo4 0°(0™)
no(2S: 3638 | 3653) 0°(0) =nc(1S: 2984 | 2978) 0°(0") + 10 Mg, 0°(0™)
veo(1P: 3415 3420) 0°(0"") = 2 (Cesst + Cy + AWay4) 07(0™)

Yeo(1P: 3556 | 3555) 0°(2") = y0o(1P: 3415 | 3420) 0°(0") + 2mee. 0°(2")

%c2(3930 | 3929) 0°(2"") = ye2(1P: 3556 | 3555) 0°(2") + 2 S)a=4 07(0")
y2(38233820) 07(2 ") = Q0 (1d™) + w(2S: 3686 | 3684) O (1u ) +2meeL 0 (2u™)
y3(3842 | 3858) 07(3 ) = w(2S: 3686 | 3684) 0 (1u ) +2mee. 0°(2u™™) + 2 AW,y 0%(0*)

h(1P: 3525 | 3549) 07(17) + 2mgs. 07(07) = yw(2S: 3686 | 3684) 07(17")

Z4(3900 | 3896) 17(17) = yeo(1P: 3415|3420) 0°(0") + MreL 07(177) + n°n°n™ 17°(07)
Z(4430 | 4436) 17(17) =Z(3900|3896) 17(17) +4=°0°(0™)

X(3915 | 3915) 17(0) = Z(3900 | 3896) 1°(1u™) + AW,4 07(1d ")

X(4020 | 4055)* ?(0%) = X(3915|3915) 1(0 ") +x* (0)

Note the following:

11(3872) — xc1(3511) = 361 MeV = 2 Wy g2 = 363.4 MeV
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yeo(mass = 3923) — xeo(1P: 3556) = 367 MeV = 2 Wiy a2

The bb, mesons
Notice that in al such mesons there are two the Cy. spacetime condensates.

Y(1S:9460 | 9471) 0(1 ") =2 Cks 0°(0"™) + Cy 0°(0™") + Wgyg=a 0(17)
The second proposal is presented in [1] — it leads to 9465 MeV.

Y2(1D: 10164 | 10158) 07(2 ") = 2 Cx+ 07(0™) + 8 1°0°(0™") + Siga=a 0 (U™ ") + Q0" (1u™)
hp(2P: 10260 | 10262) 07(17) = 2 Cxx 07(0™) + n%=0=1215 MeV 0*(0™) + W(g)4=4 07(17)
Z,(2P: 10610 | 10619) 1°(17) =2 (Ck+ + Cy + 5megy) 0°(0) + n®* 17(07) + mee 07(177)
Z,(10650 | 10658) 17(17) = Zp(2P: 10610 | 10619) 17(17) + 2 AW,4 07(0™)
Mb(1S: 9399 | 9424) 0°(0) + 2 W(g)¢=4 0°(0™") =2 (Ck= + Cy) 07(0™)

The pseudoscalar axion and the strong CP problem

We must pay specia attention to dark-matter (DM) particles (see Section 2.1). But we must
add a few remarks. SST shows that there should be in existence the stable DM loops with
different angular momentums and sizes (their size can be from 0.465 fm up to sizes of the
halos of the massive spiral galaxies) but their mass is invariant ~1.17-10™ eV. Such stable
loops with the spin speed equal to the speed of light ¢, can interact with the “ordinary” matter
viathe weak interactions of the virtual electron-positron pairs so the coupling constant is ~10°
— such interactions are via the spacetime condensates that also appear in this paper. But
emphasize that such stable DM loops, due to their internal structure, cannot interact
electromagnetically! Assume that such stable DM loops can create an unstable pion-like
pairs which we can call the SST pseudoscalar axions. Their spin is zero and CP is odd.
Their invariant mass is ~2.3-10** eV. But emphasize also that similar to the pseudoscalar
pions, the SST pseudoscalar axions should be unstable so we rather should try to detect the
stable DM loops.

The mainstream axions are described in [5]. In paper [6], it is suggested that an axion field
“Is the most popular solution to the strong CP problem”, i.e. the CP violation has not been
observed in the strong interactions — it leads to a conclusion that the neutron has not an electric
dipole moment. Here we show that Nature does not realize such popular solution.

SST shows that the CP violation in the weak interactions of the spacetime condensate in the
centre of baryons is due to the poloidal motions of the torus/electric-charge in the core of
baryons. Very small changes in the mean distance between the SST absolute-spacetime (AS)
components cause that there appears the confinement of them and confinement between them
and the torus which also consists of the SST-As components. The poloidal motions of the
torus and the confinement cause poloidal motions to be transferred to spacetime in baryons.
But the toroidal speed on the equator of the torus is equal to ¢ so on it, the poloidal speed is
equal to zero — it causes that outside the core of baryons, on the plane of the equator (there
take place the nuclear strong interactions), the poloida motions vanish so the CP is not
violated in the strong interactions.

We see that the poloidal speed is maximal in direction of the spin of the torus, i.e. in the
surroundings of the central spacetime condensate which is responsible for the weak
interactions — it isthe reason that the CP violation is characteristic for the weak interactions. In
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Fig.16, the thickness of the red curves represents the momentum density of the poloidal
motion.

the nuclear strong field
free from poloidal motions

imternal
siaton

Spin pololtFlaations in spacetime
that lead to the CP violation

Fig 16. The strong CP problem.

Emphasize that to stabilize the torus with different poloidal and toroidal speeds, there are
exchanged the SST-As components the torus consists of. Moreover, there appear the radial
motions which are responsible for creation of the central spacetime condensate.

In the pseudoscalar axions are two parallel 1oops with opposite spin speed so an axion field
could shield the poloidal motions of the torus on the assumption that the confinement does not
apply to the axion field (SST shows that it is untrue). But then also we should not observe
the CP violation in the weak interactions. We know from experimental data that Nature
does not implement such a scenario, so it is not possible to solve the strong CP problem by
using an axion field.

Summary

Exactly 64 years ago (March 1, 1958), in a letter from Pauli to Gamow, the former
commented on Heisenberg's radio interview that they had decoded the structure of all
particles known at that time. Pauli drew a blank square and found it depicted the world but
lacking technical details[7].

Resonances, due to their interactions and charge states, have experimental widths of about
one to even five hundred mega-electron-volts or so. Deciphering their internal structure is not
an easy task. Here, using the atom-like structure of baryons and very simple model, our
theoretical masses are very close to the experimental central values. Our quantum numbers I,
G, J, Pand C, are fully in line with the experimental data. It validates the SST.

The charmed and bottom baryons are more stable than the baryon resonances because there
isthe additional spacetime condensate that interacts due to the nuclear weak interactions (such
interactions are much slower than the nuclear strong interactions). Masses of the condensates
are close to masses of the charm and bottom quarks.

Very important isthe d = 0 state which is in contact with the equator of the core of
baryons. Mass of particles in such state increases 9.0036 times. But to conserve the half-
integral spin of the core of baryons, such relativistic particles quickly transform into the scalar
spacetime condensates, C, which are responsible for the additional nuclear weak interactions.
In resonances, most important is the natural spacetime condensate in the centre of baryons, Cy
=Y, and the spacetime condensates created from the relativistic pions and kaons which are
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produced in the core of baryons — it causes that some of the baryonic and mesonic resonances
can be created in the nuclear plasma composed of the cores of baryons packed to maximum
(i.e.thed =1, 2 and 4 states are destroyed).

The root-mean-square deviation in mass (RMSDM), i.e. for the mass distances between the
SST masses and the mean central values observed, is defined as follows

RMSDM = + (Z; Am?/ Nj)Y2, (16.8)

where N is the number of particles of higher mass, i.e. Am; > 0, (or lower mass, i.e. Am; < 0)
plus a half of number of particles with the same mass, i.e. Am; = 0.
Our global result is

Meentra™ " oM rvsom = 2800715 MeV (16.9)

where M cenra 1S @ Mmean central-mass observed for all 260 particles described in this paper.

We can see that the mean RMSDM (in plus or in minus) is only about 0.6%.

Generally, the gluons and their associations interact with one or more spacetime
condensates because of the nuclear weak interactions. The additional spacetime condensates
are produced in collisions of the nucleons.

In this book we described atotal of about 310 particles — they include all major and all high-
status particles. Here we described also the SST pseudoscalar axion and we solved the strong
CP problem.
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| 7. Harbinger of arevolution in physics

The foundations of quantum physics and general relativity were formulated at the beginning
of the 20" century, i.e. about a hundred years ago. There is a view that theoretical physics is
practically complete. But when we ignore the Scale-Symmetric Theory, the truth is quite
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different. 95 percent of physics by mass/energy is dark matter and dark energy, and we still do
not know the origin of these forms of matter and energy. The remaining 5 percent is mainly
baryon matter and we still cannot calculate the exact masses and spins of the proton and
neutron from the initia conditions used in the Standard Model. Moreover, these initial
conditions cannot be considered fundamental. When we add to this the problems with the rate
of formation of supermassive black holes in the early universe and dozens of unsolved
fundamenta problems such as, for example, the origin of masses of neutrinos or the matter-
antimatter asymmetry, we can confidently say that we know very little, which contradicts the
statement that theoretical physics is coming to an end.

What main mistakes are repeated by successive generations of physicists that the theory of
everything is still beyond the horizon for them? The main mistake is to ignore the interna
structure of bare fermions — it is straight path to infinite values in your calculations and the
need to use mathematical tricks to match the theoretical results with your experimental data.
But even such treatments do not lead to accurate results, as can be seen from the anomalous
magnetic moment of the muon and the properties of the nucleons. Other errors are
assumptions about the quantum superposition of a mathematical point, the coherence of
wavefunctions without superluminal communication, the simultaneous constancy of the speed
of light with respect to dl inertial systems, or the smooth transformation from inflation (that
created spacetime and boundary of the inner Cosmos) to the expansion of the universe, and so
on.

Severa experimental results lead directly to the Scale-Symmetric Theory.

The baryon-antibaryon strong interaction potentia is[1]

On the other hand, radius of the SST last orbit for the strong interactions is R4g=4 = A +
4B nean = 2.705 fm — it is very close to the lower limit in (17.1), while the SST range of the

nuclear strong interactions is Lsyong = 2.958 fm — it is very close to the upper limit in (17.1).

So-cadled “hard core of nucleons’ of an infinite strength was first introduced
phenomenologically by Jastrow in 1950 [2]. We assume that it concerns the SST fundamental
gluon loop (FGL).

When a beam is flowing in direction of the spin of a target (i.e. the spins of the target
components are polarized) then we should obtain the radius of FGL — it is at the zero-
temperature limit and it is the upper limit for the radius of the hard core of nucleons in our
model

RHard_Core,upper = RFGL = 2A/3 = 0.465 fm . (|72)

On the other hand, for thermal nucleons (i.e. their spins are not polarized) we obtain the
lower limit for radius of the hard core of nucleons. Along the x-axis and y-axis, the radius is

RrcL while along the z-axis the radius is zero so an approximate mean value that is the lower
limitis
RHard-core,Iower = (2 RFGL + O) /3=0.31fm. (17.3)

In paper [3], there are calculated the properties of a neutron star (NS) at zero-temperature
limit (so spins of neutrons are polarized). They found the hard core radius for the baryons
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This result is consistent with our result (17.2).

In paper [4], authors clam that a comparison with the phenomenology of neutron stars
implies that the hard-core radius of nucleons has to be temperature and density dependent.
Their result for the hard-core radius of nucleonsis

0.3fm< RHard-core,NS,[4] <0.36fm. (17.5)

This result is consistent with our result (17.3).

Consider the ATOMKI anomalies. In measurements of the angular correlation of electron-
positron pairs in the isoscalar and isovector decays of atomic nuclei, a large deviation was
found from quantum electrodynamics (QED) prediction for internal pair conversion (1PC).
Applying the Scale-Symmetric Theory we show that such correlations are not associated with
a fifth force but with creation of very unstable condensates from the SST-As components
because of the nuclear weak interactions (the coupling constant is o) = 0.0187229). They
found a neutral boson with a mass around 9 MeV [5], neutral bosons with the dominant peaks
at 12.42 MeV and 14.55 MeV [6], and around 17 MeV (the X17 particle) [7], and few
others.

Our model is as follows. A weak mass, ol M, of acharacteristic mass, M, in the core of
baryons attaches the electron-positron pair, 2Me, so the neutral resultant mass, M poson, iS

For the central condensate Ml =Y = 424.17 MeV we obtain M poson = 8.96 MeV.

For the pair of the tori/electric-charges M = X"X™ = 2X* = 636.59 MeV we obtain
M poson = 12.94 MeV.

For the core of baryons M = H™ = 727.44 MeV we obtain M yoen = 14.64 MeV.

For the pair of the central condensates M = 2Y = 848.34 MeV we obtain Mposon =
16.91 MeVv

But there are created also pions, muons and other objects so we should observe also the
insignificant peaks.

We can see that the ATOMKI anomalies lead to the structure of the core of baryons.

When quarks are probed with low energy Q = 0.143 GeV, the experimental value of the
QCD effective charge is og; = 3.064 + 0.043 (stat.) = 0.018 (syst.) [8]. On the other
hand, SST shows that at low Q < X* = 318.29555 MeV, the virtual bound pion T ound is
exchanged between the relativistic boson W,y =1 = 215.76069 MeV (see Table 2) in one

proton and the relativistic boson W) ¢=1 = 208.64305 MeV (see Table 2) in the second
one. In SST, by applying formula (2.4.31), we obtain that the strong coupling constant at low

Q for such aprocessisinvariant and is
Oslow-Q = asP” (W(+_),d:1 + W(O),d:]_) [ (2p+mgg) =3.14166 ~ 1, (17.7)
where a.g™" = 14.391187 (see (2.4.31)). For energies: 318 MeV < Q < a few GeV, we

have a mixture of two phenomena, i.e. one described above and the second one described by
formula (2.4.40).
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Moreover, from [8] results that when quarks are probed with lower energy, their effective
mass grows to ~300 M eV, i.e. it is close to mass of the SST spin-1/2 charge X ™.
But emphasize that our model differsradically from the QCD.

Notice also that new images from James Webb Space Telescope show that even at redshift
Z = 14 we still observe galaxies [9], not a smooth field of first stars — it is consistent with the
SST cosmology.

In the future, we should observe the two following anomalies:

* Due to the different weak interactions of muons and electrons and the decays of the },L+},L_
pairs into the electron-positron pairs, we should observe an excess in quanta with energy
equal to 2.76 keV (see Sections 3.9).

** Within the Scale-Symmetric Theory we predict existence of new scalar boson and/or
vector boson with a mass of 17.12 — 17.17 TeV that results from structure of the core of
baryons and density of the SST absolute spacetime (see Section 2.16) — there are four
different formulae leading to such anomaly.
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J. A very short recapitulation

*The viscid interactions between the tachyons and between the tachyons and entanglons are
the fundamental interactions and they follow from smoothness of surfaces of the tachyons —
they lead to the gravitational fields. On the other hand, the quantum entanglement and the
confinement of the SST-As components lead to the electromagnetic, weak, and strong
interactions. Unification of Gravity and Quantum Mechanics isimpossible.

*The structure of neutrinos and the atom-like structure of baryons are the fundamental
structures in particle physics. Oscillations of neutrinos are an illusion.

*Due to the cosmological collision, the SST inflation was the explosion of space (of the
initia inflation field).

*At the end of the SST inflation, the external left-handedness of the initial inflation field
led to the emergence of the matter-antimatter asymmetry — just the baryons are internaly left-
handed.

*The expansion of the Universe was separated in time from the SST inflation — such
expansion is the result of the evolution of the Protoworld composed of the SST-absolute-
Spacetime components.

*The Universe is anisotropic because of the initial anisotropies and protuberances. But
mass density of the isotropic SST-As dominates so the Universe is practically flat.

*Dark matter and dark energy differ from matter in the arrangement of the spins of the
components of the SST absolute spacetime.

*Quantum Mechanics wrongly describes structure and dynamics of the zero-energy field.

*Excited states of the SST two-component spacetime (i.e. the SST-Hf plus SST-As) have
6+26=32 degrees of freedom. On the other hand, among the first 32 natural numbers there are
11 prime numbers. Theory of Everything that contains 11 initial parameters is
mathematically simplest one. But we can reduce the number of initial parameters from
eleven to seven.

By applying our theory of electron described in Section 2.6 we can eliminate the mass of
electron from our initial parameters.

It isobvious that the binding energy of the core of baryons should be aresult of emission of
the nuclear weak mass of the three basic objects in the core, i.e. X*, Y and Mgg, and that
during the creation of the core, there should be an increase in range of the core from the

equator of the core with the radius of A to the d = 1 statei.e. to Ry=1 = A + I'¢(p) o the
binding energy dlightly decreases

AEcore = Owp) (XF+ Y +Meg) A/ (A + ) = 14.978 MeV . (JL.1)

Notice that in Section 2.9 appears the energy AEygumetric = 0.1537996308 MeV (see
formula (2.9.4)) that leads to the volumetric confinement that leads to the density of the

spacetime condensates, so we can eliminate the initial parameter py from our theory.
SST shows that the elementary electric charge, e, independently of its masses, creates the
Nna = 8.50713316753319-10% lines of the electric force, and such an object we define as

the € = 1.602176634-107"° C. It means that the €* is not an initia parameter in the SST
because we described its origin. In SST, the electron charge consists of the electron-loop and
the zero-mass torus/electric charge. The loop and the equator of the torus overlap. The
electron-loop carries the mass of the electric charge and the spins of the SST-As components
does not rotate and are perpendicular to the loop. The spins of the SST-As components in an
electron-loop al point towards the center of the loop and in the antiparticle outside the loop
and lie in its plane. The torus/electric-charge is only the polarized part of the SST-As so spins
of the SST-As components behave similarly as in the electron-loop — it leads to conclusion
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that the resultant mass of the torus/electric-charge is zero. There is also the central spacetime
condensate with a mass equal to the mass of the electron-loop and there is only one virtua
electron-positron pair.

In such a way we reduced number of initial parameters from eleven to seven, i.e. the
SST isin fact a seven-parameter theory but the math of such a theory is much more
complicated because we have to solve systems of equations with a large number of
unknowns. In reality, we have the 6 parameters describing the SST Higgs field (it
concerns the gravitational fields) and 1 parameter describing the SST absolute
spacetime, i.e. the gravitational mass density of the SST-As.

Emphasize also, that the 3 parameters that describe the exact Planck scale (i.e. B, ¢ and G),
i.e. it concerns the spin-1 components of the SST-As, are derived from the more fundamental
initial conditions. The SST-As components can rotate with the maximum spin-speed equal to

the C —then their gravitational mass is close to the Planck mass.

Wow! signal again (an extension of Section G1)

The first number in the Wow! signal is “6” that relates to “f” in English alphabet and “H”
or “y” in Polish alphabet. On the other hand, in SST, we have “Hf” (the Higgs field) or “yf”
(the ylem field) that has the 6 degrees of freedom. The term “ylem” was used by George
Gamow and it is defined as “the first substance from which the elements were supposed to
have been formed” (“ylem”, Oxford English Dictionary).

The second symbol/number is E(14). On the other hand, in SST, there are two Elementary
objects the all other objects are built of: it is the tachyon which has 6 degrees of freedom and
the closed string which in the ground state has 8 degrees of freedom, so the total number of

degrees of freedom is 6+8=14.

The third symbol/number is Q(26). On the other hand, the Quantum Physics concerns the
excited states of the SST absolute spacetime and it has 26 degrees of freedom.

The fourth symbol/number is U(30). On the other hand, the ground state of the SST two-

component spacetime that filles the SST Universe has 6+24=30 degrees of freedom.

The Wow! signal suggests that we should separate the first four even numbers (6, 14, 26
and 30) from the last two odd numbers (19 and 5). The even numbers describe the creation of
our Cosmos: at first there appeared the tachyons (6), next the closed strings interacting with
tachyons (6+8=14), next the excited states of the SST absolute spacetime (26), and next the
ground state of the two-component spacetime (6+24=30) because at the end of the SST
inflation there was created the stable boundary of our Cosmos.

Such interpretation of the four even numbers suggests that the two last odd numbers
describe a destruction of our Cosmos. We should have two even numbers (notice that
different states of spacetime are described by even numbers/degrees-of-freedom) one for the

present-day state (19+5=24) and one for the state after the destruction (19-5=14=6+8). It
suggests that due to an event (it will be the damage to the stable boundary of our Cosmos),
there will be adecay of the ground state of the SST absolute spacetime (24) into the tachyons
(6) and closed strings (8).

The two last symbol/numbers are as follows J(19) and 5. In English aphabet we have
19=S and 5=E. On the other hand, in Polish aphabet we have 5=U and 5=C. It means that
we have the letters J, U, G and S and we assume that the English letters dominate. So the J
leads to JUdGES and E to End or EvEntUal, i.e. to the Last/Eventua Judgement in the
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Bible, i.e. then the choosen people will be saved. We can assume also that the damage to the
boundary of the spacetime will be due to a JEt—StrinG.

Coincidence between the numbers appearing in the Wow! signal and the degrees of
freedom in SST and the fact that the lettersin the Wow! signal (given by humans!) have
a physical sense (ylem field, elementary, quantum, Universe, jet—string, and last
Judgement) suggest that the ultimate theory has already been discovered in our universe
and that quantum telepathy plays a key role in our understanding of the laws that
govern Nature.

Notice aso that there are following coincidences. In the simplest version of the SST, there
are eleven initial parameters that describe the excited states of the SST two-component
spacetime (the SST Higgs field plus the SST absolute spacetime) while the mainstream M-
theory is eleven-dimensiona. When we consider the ground state of the SST two-component
spacetime (it has 6+24=30 degrees of freedom) there among the first 30 natural numbers are
10 prime numbers, so atheory of the ground state should be described by 10 parameters — on
the other hand, in the mainstream string theory, spacetime is ten-dimensional. So we have

Number of dimensions = number of initial parameters= number of prime numbers



188

| ndex

3+ means* page 3 and beyond”

absol ute spacetime (SST-As) 8
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