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Abstract: This article attempts to explain the underly-
ing physics of several recent experiments and astrophys-
ical observations that have been mystifying the physics
community for quite some time. So far, none of the
advanced theories beyond the standard models of parti-
cle physics and cosmology have shown sufficient poten-
tial to resolve these mysteries. The reason for this fail-
ure may lie in the fact that these theories are based
on the concept of extra space dimensions that appears
to be in conflict with numerous experiments, in par-
ticular with recent Large Hadron Collider data. There-
fore, the novel idea of extra number systems is intro-
duced, replacing the idea of extra space dimensions.
This approach is complemented by a set of fundamen-
tal physical principles that provide the constraints and
guidelines for a modified physical formulation in agree-
ment with known experimental reality. However, such
a theory requires novel physical concepts in conjunc-
tion with novel symmetry groups. These groups give
rise to additional types of matter, termed hypercomplex
masses (which are responsible for the extreme hyper-
complex gravitational fields, see below, and are also
denoted as matter flavour), including, for instance, parti-
cles of negative mass, identified with dark matter. Further-
more, four-dimensional Minkowski spacetime, assumed
to be a quasi de Sitter space dS'> dual spacetime,
DAS'3, with imaginary time coordinate; that is, time
is a complex quantity. The three spatial coordinates are
shared by the two spacetimes. Dark matter is assumed
to reside in DdS'> and therefore is principally invisi-
ble. On the other hand, its gravitational interaction with
ordinary matter (m > 0) in spacetime dS3 is directly
perceptible. The novel group structure predicts the exis-
tence of a fourth particle family of negative masses;
that is, besides the dark matter particle y of mass my =~
—80.77 GeV/c?, there is the dark neutrino vy of mass m,, =
—3.23 eV/c%. Moreover, the hypercomplex group struc-
ture of gravity (SU(2) x SU(2)) postulates three grav-
itational bosons for cosmological fields [resulting from
Einstein’s theory of general relativity (GR)], the gravi-
ton vg, with spin 2, the novel gravitophoton vgp with
spin 1 (existence of weak gravitomagnetic fields of GR),
and the quintessence particle v, with spin 0, which,
when present, mediates an interaction between ordinary
matter (m > 0) and the ubiquitous scalar field of dark
energy. In addition, the existence of extreme gravity fields
(hypercomplex gravity) is postulated, based on the sec-
ond group SU(2), and an interaction between electromag-
netism and hypercomplex gravity is predicted, mediated
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by three additional hypercomplex-gravity bosons. Some
long-standing problems of cosmology will be addressed;
namely, the Big Bang scenario and the origin of dark
energy and the nature of dark matter and their relation
to the modified Newtonian dynamics hypothesis will be
discussed.

Keywords: Dark Energy; Dark Matter; Extra Number
Systems; Hypercomplex Gravity-Like Fields; MOND.

Method of Theoretical Physics:
Albert Einstein, 1933
The Herbert Spencer Lecture [1]

Pure logical thought cannot yield us any knowledge of the empir-
ical world, all knowledge of reality starts from experience and
ends in it. Propositions arrived at by purely logical means are
completely empty as regards reality.

1 Introduction

It is now a 100 years since Sir Arthur Stanley Eddington,
the first relativistic astrophysicist, led the 1919 expedi-
tion to photograph the sun during a total solar eclipse in
order to find out whether photons from distant stars were
deflected (bent) passing the sun as predicted by Einstein’s
theory of general relativity (GR). The theory was confirmed
(within the accepted experimental accuracy of the time),
and as a result, Einstein became an instant celebrity in
the popular press. Since then, GR has passed all tests with
flying colours, ruling out alternative theories, demonstrat-
ing perfect agreement with all experimental evidence (cf.
string theory) up to today.

We deliberately start this article with the above cita-
tion from Einstein, which is used as a roadmap for the
novel physical concepts presented in this article. Ein-
stein’s remarks also purport a stern warning. Expressed
in simpler terms, Einstein reminds us that the descrip-
tion of physical reality is the ultimate goal of physics,
which in the end is a purely empirical science. Theoretical
constructs are certainly necessary but are subordinate to
experiment and have no life of their own unless confirmed
by proper data. Approval by experimental data is the yard-
stick for any theoretical model. If this cannot be achieved,
then it is not a physical theory, and those ideas should be
transferred to the mathematics or philosophy department.
Regarding the present situation in theoretical physics, as
discussed in Part I [2], the scientific community seems to
have forgotten — at least to some extent — this admonition
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of Einstein.! A recent, highly informative and expertly writ-
ten account (from a physics point of view) on Large Hadron
Collider (LHC) data and the state of Grand Unification The-
ories (GUT) is presented by S. Hossenfelder [3] in her excel-
lent book: Lost in Math whose conclusion can be sum-
marised by one word: failure. In Chapter 8 of her book,
a brief account of string theory along with a long list of its
problems and attempts to escape from experimental evi-
dence is given. Eventually, the author concludes “It (string
theory), does not, however, describe our universe.” Hardly
a success story after more than four decades.

In Section 2, the importance and challenge of numer-
ous experiments from particle physics and astrophysical
observations are presented, as well as measurements of
gravitational phenomena. The LHC data are also presented
in Section 3 because of their importance. Based on these
empirical findings, alternative physical concepts termed
matter flavour and hypercomplex gravity are introduced
in nonmathematical form to emphasise their physical
meaning.

In Section 3, the latest LHC data with emphasis on
the Conseil Européen pour la Recherche Nucléaire (CERN)
exotic search program, both from Run-1 /s = 7 — 8 TeV
and Run-2 /s = 13 TeV, will be employed to evaluate
their impact on the validity of physical theories based on
the existence of extra space dimensions. The key find-
ing is that these data impose extremely tight constraints,
which may be employed to question the whole theoretical
approach, in particular when combined with other exper-
imental results discussed in Section 2. It seems, therefore,
justified to search for alternative explanations.

In the remaining part of this article, the novel con-
cept of extra number systems [subsumed under the name
extended Heim theory (EHT?) see Part I] is introduced, and

1 The meaning of Einstein’s words is that mathematics cannot be
used as a replacement for physics as he said: “Ideas are more impor-
tant than knowledge.” Physics must not be separated from experi-
ment. We quote N. N. Taleb in Skin in the Game, Random House, 2018,
p. 27: “Intellectualism has a sibling: scientism, a naive interpretation
of science as complication rather than science as a process and a
skeptical enterprise. Using mathematics when it’s not needed is not
science but scientism.” Naive in this context should be understood as
without any empirical evidence.

2 Note: No, EHT (Extended Heim Theory) is not Heim theory [4],
despite the similarity of the names. The name EHT was selected to
honor B. Heim’s ideas of internal gauge space and elemental surface
in order to construct a polymetric tensor of all physical interactions
and a spacetime lattice. The concept of eight-dimensional internal
space employed in EHT is reminiscent of B. Heim’s initial (but insuf-
ficient) six-dimensional approach, but otherwise the two approaches
are employing different physical concepts, and there are no further
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its consequences regarding the group structure of parti-
cle physics will be considered. Of prime importance is the
prediction of additional gravitational bosons that would
allow the generation of extreme gravity fields outside GR,
as will be outlined further in detail in Section 5. With
regard to cosmology, a tentative explanation of the origin
of dark energy (DE) is given, where the picture of a hot
Big Bang is questioned by the idea of a Quantised Bang
(Section 6).

In Section 4, we start with Einstein’s advice by present-
ing in detail an assembly of fundamental physical prin-
ciples, termed cosmic physical principles, meant to gov-
ern all physical processes. This set of 12 principles, of
which the duality principle is the most important, will be
presented one by one, and their impact on the various
physical phenomena will be discussed as the basis for a
different (but not too different) model of particle physics
and cosmology. It turns out that the effects stemming from
these simple sounding principles are amazing, leading to
the formulation of nine so-called no-go theorems. More-
over, these principles require the introduction of novel
physical concepts. The most far-reaching consequence
is the replacement of extra spatial dimensions by extra
number systems. The physical reality of the postulated
extra spatial dimensions appears no longer tenable,
because the range of Newton’s law of gravitation was
recently experimentally found to extend down to the range
of the atomic size (10~'° m, details in the next section).
A recent discussion of the modification of Newton’s law
in accordance with GR for cosmological distances, but not
for small distances, is given by Eingorn et al. [5], demon-
strating a Yukawa-type exponential screening of the grav-
itational potential at distances >A [A being due to the exis-
tence of cold dark matter (DM)] termed the cosmic screen-
ing by the authors who found the cosmic background to be
responsible for this type of screening. Their results are con-
sistent with the largest known structure in the universe,
the Great GRB Wall (or Hercules Corona Borealis Great
Wall), with the size of the order of 3000 Mpc. It should be
mentioned that these results have no impact on modified
Newtonian dynamics (MOND) (see below).

In Section 5, the most striking consequences from the
novel concept of an extra system of numbers with regard
to allowable physical symmetries are presented — displac-
ing the most likely experimentally disproved concept of

relationships, except for the name, of course. As it turned out, Heim’s
ideas about the internal structure of elementary particles and his cal-
culation of the spectrum of elementary masses turned out to be incor-
rect as well as his ideas about cosmology, in particular the range of
attractive gravitation.
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extra dimensions. A novel group, termed cosmic group, is
introduced to cover all physical phenomena as well as its
effects on both particle physics and spacetime. The most
significant outcome is the prediction of two different types
of gravity, represented by groups SU(2) x SU(2), resulting
in the postulation of a total of six gravitational bosons.
The first SU(2) group gives a description of Einstein’s GR
enhanced by the additional interaction of matter with the
DE field. The associated gravitational fields are termed
cosmological gravitational fields and are of purely geomet-
rical origin. The effect, influenced by the presence of DE,
is very weak and is a result of the distribution of matter
on spacetime curvature. GR also describes the feedback
of spacetime curvature on the distribution of matter. The
observed weakness of cosmological gravitational fields
demonstrates the rigidity of the space lattice, allowing the
universe to assume an enormous spatial extension.

The gravitational bosons of the second SU(2) group
mediate much stronger gravitational fields that are pro-
posed to result from the interaction with electromag-
netism. According to the duality principle, the three cos-
mological and the three hypercomplex-gravity fields are
caused by two different sources, namely, pure geometry
(spacetime curvature) and charge (in the form of electric
charge and mass, represented by particles of hypercom-
plex mass) and thus should not be unifiable. A total of
four groups derived from hypercomplex numbers (quater-
nions) g € H can be found that describe the physical
properties of matter in general, i.e. both bosons and
fermions, as well as the external spacetime. The exter-
nal spacetime is complemented by an (internal) gauge
space, termed Heim space, or H®. An important outcome
is that there should exist four families of leptons and
quarks (Fig. 1), where the fourth family of particles pos-
sesses negative masses and is assumed to represent DM,
living in dual spacetime (see below), and thus cannot be
observed directly in our Minkowski spacetime. A new con-
cept arises, denoted matter flavour (analogous to quark
flavour), which is derived from the hypercomplex group
structure that incorporates both dark and ordinary mat-
ter (OM) as well as the hypercomplex masses of the three
bosons representing the postulated hypercomplex-gravity
fields.

In Section 6, several of the so-called cosmological rid-
dles are addressed (to be revisited in Part III), reconsider-
ing the role of the Einstein field equations in the formation
and evolution of the universe and critically dealing with
the presently favoured idea of a Big Bang as well as dis-
cussing the origin of DE and DM, as they result from the
concept of extra number systems.
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Figure 1: In extended Heim theory (EHT), four-dimensional space-
time possesses an additional internal structure, described by an
internal symmetry space, Heim space, H, which is attached to each
point of the spacetime manifold (in this context, there is no need

to assume a discrete spacetime). There also exist both electrons
and quarks of imaginary mass (these particles do not behave like
tachyons).

In Section 8, we present a preliminary discussion of
propellantless propulsion (propulsion without fuel) where
the proposed gravitational spin 1 bosons are introduced.
It will be argued that the associated hypercomplex-gravity
fields can be generated in order to provide the enabling
acceleration mechanism for propellantless propulsion —
provided that a suitable material composition is selected.
A brief description of other currently considered propel-
lantless propulsion concepts is given, namely, the electro
magnetic (EM) drive, the Woodward effect, Mach’s prin-
ciple, and Becker’s electrodynamics, demonstrating that
these systems/concepts cannot function in practice.

In Section 10, the novel physical concepts of EHT are
summarised and discussed.

The final section provides an outlook on the repercus-
sions of the novel physical concepts with regard to particle
physics, cosmology, and novel gravitational technology as
well as novel schemes for energy generation based on the
existence of hypercomplex-gravity fields.

The above discussion should have made clear that
current physics is far from complete; instead, there are
severe challenges that are still to be resolved. The so-called



DE GRUYTER

advanced physical theories, developed over the last five
decades, have not provided the tools to successfully tackle
these puzzles. Therefore, in Part I and also in this article,
alternative ideas are presented in an attempt to contribute
to an explanation, at least to some extent, of the basic con-
tradictions posed by recent experiments and astrophysical
observations.

...behind all the discernible laws and connections,
there remains something subtle, intangible and inexplicable.

Albert Einstein

2 Mysteries in Physics and the
Universe

In the following, we present an attempt to construct an
alternative physical picture to resolve the riddles posed
by recent experiments that are either contradictory or
remain still unexplained. In particular, this concerns the
null results of the LHC in seeing any supersymmetric par-
ticles, the different lifetimes of the neutron, the vary-
ing size of the proton, the discrepancies in the measured
magnitude of the gravitational constant, the enigma of
missing DM particles, the nonexplainable existence of
DE, and a possible spatial variation of the fine structure
constant a. In cosmology, there are fundamental ques-
tions concerning the Big Bang describing the origin of
the universe, the long-standing problem of the deviation
from Newton’s gravitational law for the rotational veloci-
ties of stars in orbit about their galactic centre, the mea-
sured deviations of Newton’s gravitational constant Gy,
and, most recently, observed small differences by laser
interferometer gravitational-wave observatory (LIGO) in
the propagation speeds of gravitational waves and pho-
tons. These problems are severe, demonstrating a lack of
understanding at the most fundamental level of physics.
The predictions of presently favoured advanced phys-
ical concepts, i.e. supersymmetry (SUSY) and superstring
theories, when compared to most recent experimental
results, are even more in conflict (no superpartners,
no unification, no naturalness,> no DM particles) with
observation than they were in early 2017, when Part I

3 A theory is called natural if it does not contain numbers that are
extremely small or extremely large. The opposite is fine-tuning. In
that sense, nature is not natural, just look at the cosmological con-
stant or compare 1 AU (astronomical unit) to the distance to the clos-
est star, i.e. the stars appear fixed. Large numbers need explanation.
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of this article [2] was published (Fig. 2). Supersymme-
try predictions are not only in contradiction to experi-
ments from atomic and particle physics, but also from
astrophysics as well as gravitational measurements.
Most recent results (Winter 2018) from the LHC collider
ATLAS cooperation [7] have not found any excess above
the expected standard model (SM) background, run-
ning for about 3 years at /s = 13 TeV.# That is, none
of the flurries of predicted elementary particles (neither
from the ATLAS nor from CMS experiment) have been
revealed up to particle masses of 1.6> and 2.4 TeV/c?
for spin-O resonances.” These findings are confirmed
by most recent ACME data (October 22, 2018) [8] (the
table-top experiment is operational since 2014), and more
recent results can be found at https://www.nature.com/
articles/s41586-018-0599-8 that constrain the value of
the electron dipole moment, EDM, to be smaller than
|de|] < 1.1 x 1073! e m, where e denotes the electron
charge. As stated in [9] pp. 33-46, the electron seems to
be perfectly round, which means that the new types of
particles, assumed to cause a deviation from the spheri-
cal electron orbits about atomic nuclei, as postulated by
numerous theories, do not seem to exist. A direct conse-
quence of these measurements is the quasi confirmation
of the SM of particle physics that predicts an EDM of
|de| ~ 1.0 x 107%¢ e m at the four-loop level and the
ruling out of the predictions of supersymmetric theo-
ries, for instance, see figure 4, p. 39 in [9], meaning the
mass of the undiscovered heavy particles to have shifted
above the 10 TeV/c? level, and thus, SUSY can no longer
contribute to the solution of the hierarchy problem and
again had to be moved out of the experimental reach, a
process going on for more than four decades, resulting
in a substantial loss of scientific credibility. Nevertheless,
theoreticians have been quick to construct a substantial

4 The square root of the Lorentz invariant Mandelstam variable s pro-
vides the sum of the particle energies in a scattering experiment; that
is, for the LHC collider with its two oppositely moving proton beams,
the laboratory observer is at the centre-of-mass, and the total momen-
tum of the two beams p; + p2 = 0. Thus, the total beam energy cal-
culated using the four-momenta p1, p; is s = (p1 + p2)? ¢ = (E1 +
Ez, (p1+Dp2)c)? = (E1 + E2)* = 4E?. With E? = (py, p* —m{ ¢?)c? =
p? c? in the relativistic limit, one obtains /s ~ 2c\/p? = m, ¢ (1 —
v2/c?)™1 =2 x 6.5 = 13 TeV (6.5 TeV for each beam pipe), where
my is the proton rest mass, and P denotes the proton speed. This
energy is available since the 2015 LHC upgrade.

5 To be more exact, the experimenters are searching for both spin-0
resonances produced from gluon—gluon fusion and spin-2 resonances
produced from gluon—gluon or quark-antiquark initial states. The
95 % confidence level is utilised as usual.
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Figure 2: The upper figure was already published in Part | [2]. As of 2016, Newton’s law was experimentally confirmed to hold down to the
length scale of about 1 ym or 10~ m. This limit was driven down to 10~1° m most recently by Haddock et al. [6], as depicted in the lower
figure, where both the black and dark blue lines now correspond to gravitational experiments that provide independent support of the LHC
data that have not seen any deviation from Newton’s law. As electrons do not contribute significantly to the gravitational force, the nucle-
ons, i.e. protons and neutrons, have to be responsible for the gravitational attraction; that is, Newton’s law must originate at a length scale
of about 10~ m. Hence, there is now sufficient, substantial experimental evidence against the concept of extra space dimensions that it
seems to be justified to suggest alternatives — viz. the introduction of extra system of numbers.

number of models consistent with these data [8], pre- the SM of particle physics cannot be the final answer,
dicting particle masses in the range between 3 TeV/c? and there is a need to go beyond the SM, in order to dis-
and 10° TeV/c?, hardly an informative result. However, cuss three mysteries, namely, the extreme fine tuning of



DE GRUYTER

the Higgs boson mass and to find a solution of the long
standing problem of the matter-antimatter asymmetry.
The third problem, the existence of DM, is addressed in
this article. A perfectly round electron does not exhibit
any asymmetry, and thus, its electric dipole moment must
be zero, i.e. the centre of mass and the centre of charge of
the electron (almost) coincide. The SM predicts an elec-
tron EDM of |de| < 1.0 x 107*¢ e m. This means that
the centre of mass and charge must be separated by a
distance of about 1.0 x 10~“® m, far below the Planck
length, and thus, their distance is practically zero. This
distance is nonphysical if there exists a spacetime lattice
with a grid spacing of the Planck length /p; ~ 1073° m.
The result of the SM is not surprising, as it is based on
a continuous and flat spacetime. The ACME measure-
ments already are at 10! m, and dipole moments less
than 10~ m cannot be distinguished anymore if the
Planck length is the limit, and not the ESA Integral satel-
lite value (https://www.esa.int/Our_Activities/Space_
Science/Integral_challenges_physics_beyond_Einstein).
The recent constraints on the EDM also have an important
consequence for the high energy scale, termed grand uni-
fication, which assumes the equality of the couplings of
the three subgroups SU(3): ® SU(2)w ® U(1) (unification
of couplings does not occur in the SM). To go beyond the
SM, the hypothesis was made that there exists a simple
group G at this energy scale that does embed the three
subgroups of the SM. This GUT group is assumed to repre-
sent the complete particle content of the SM. The smallest
group possible is the group SU(5), without considering
right handed neutrinos, or SO(10) if right-handed neutri-
nos are accounted for. At the Mgyt mass scale, this group
spontaneously breaks down into the three subgroups of
the SM. However, based on the recent measurements of the
EDM, this is no longer possible, for a group SO(10) at the
GUT high scale is ruled out, see figure 4 on p. 39 of [9]. This
fact also is in support of our statement (Section 4) that a
unification of the four fundamental interactions should
not be possible because it would contradict the principle
of duality. Also the concept of technicolour appears to be
invalid. In particular, the CMS collaboration started an
extensive search for the neutralino and top squark in 2016
based on proton-proton collisions at the centre-of-mass
energy of 13 TeV, but so far no significant excess of events
could be observed above the expectation values of the SM
and most likely will not be found.

Moreover, no DM particles have been found by the
LHC, confirming the futile search of the three dozen
experiments performed over the last 35 years (with zero
results, according to S. Hossenfelder [3] Chapter 9, dressed
up as interesting bounds). The LUX experiment (ongoing
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since 2013) has provided zero evidence for DM parti-
cles, thus independently supporting both the LHC and
ACME measurements. In particular, the findings of the
DAMA collaboration of a statistically significant annual
modulation in the rate of nuclear interaction events was
ruled out by the Cosine-100 collaboration in their recent
publication in Nature on December 5, 2018 [10]. No evi-
dence for an excess of events above the expected back-
ground was found, and hence, there are no WIMPs. The
upper bound for the WIMP-sodium cross sectionis 1.14 x
107 cm? for WIMPs of mass 10 GeV/c? at the 90 %
confidence level. Annual modulation is expected because
the velocity of the Earth varies relative to the galaxy’s
dark-matter halo owing to the orbital motion of the Earth
around the sun. According to the so-called standard dark-
matter halo model, this result rules out WIMP-nucleon
interactions and thus cannot be the cause of the annual
modulation that was possibly observed by the DAMA
collaboration. As a direct consequence, supersymmetric
particles have become increasingly unlikely to exist in
nature.

Confusion reigns, as demonstrated by controversial
experimental findings and about 20 articles written by
well-known physicists, published in the recent book
by the late J. Brockman (ed.) [11] entitled This Idea
Must Die,¢ portraying a highly controversial picture (of
the physics of string theory and SUSY). Therefore, present
experimental findings may suggest that it is these two
theoretical concepts that may have to be retired despite
interesting mathematical features. Similar confusion is
visible with respect to key concepts of cosmology, i.e.
the Big Bang, DM, inflation, the multiverse idea, as
well as predictions concerning the ultimate fate of the
universe.

Furthermore, in Part I, it was shown that Newton’s law
has been proven to be upheld down to the length scale of
about 1 um (upper Fig. 2). As recently as December 2017,
the validity of Newton’s law has been extended by four
orders of magnitude down to 107'° m or 0.1 nm by Had-
dock et al. [6]. It appears that Newton’s law holds in the
atomic range as indicated by the scattering of neutrons.
As the electron mass is about 2000 times smaller than the
nucleon mass, gravity must result from the nucleons (pro-
tons and neutrons) whose size is about 10~ m; hence,
gravity must be governed by the subatomic length scale
(lower Fig. 2). Newton’s law must therefore be working

6 An idea that may have to die is the idea of the existence of extra
(real) space dimensions that has blocked progress in physics since its
inception in 1919 by Kaluza, because alternatives were not pursued.
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on the subatomic scale as well; thus, no energy could
have escaped into the postulated higher dimensions at
this length scale. So far, higher space dimensions seem
to be in basic conflict with all direct measurements (in
particular, no evidence for extra spatial dimensions in the
universe based on gravitational wave data was found). It is
now clear from the recent LIGO data that large-wavelength
gravitational waves and short-frequency photons expe-
rience the same number of spacetime dimensions [12],
and noncompact space dimensions do not exist, a result
that is more or less obvious, because these dimensions
should have been detected a long time ago. No deviation
of the gravitational amplitude from the inverse luminos-
ity distance relationship in accordance with GR has been
observed. In other words, there is no leakage of energy
into (noncompact) extra space dimensions, and that con-
cept, according to Figure 2, appears to be no longer ten-
able as it seems to have been excluded by nature. This has
far-reaching consequences, not only for particle physics,
but also for cosmology (e.g. the existence of multiverses).
The experimental results cited in Part I already ruled
out to a large extent any modification of the classical
gravitational law proportional to 2. This includes any
modified Newtonian law operating in D = d + 3 dimen-
sions (d denotes the number of extra space dimensions),
that is,

Fgy ~1 @7V
N s

instead of the classical gravitational law being propor-
tional to r—2. With the new data from the experiment of
Haddock et al. (Fig. 2, lower picture), the idea of a cos-
mos in the form of a brane world, where gravitons freely
roam the bulk space [i.e. the higher dimensional embed-
ding space for the spatial three-dimensional (3D) brane
world], has become untenable. Advocates of a brane world
hoped that if an extra spatial dimension of extension
10~* m existed, the strength of the gravitational interac-
tion would resemble the strength of the electroweak inter-
action. In this case, the so-called hierarchy problem (see
Part I) where the relationship of the Planck mass, mp;, GUT
mass, mgyr, and the mass of the vector boson, Wi,

Mmp; > Mgyt > My,

requiring a large ratio of mgyr/mw > 10%3, could have
been interpreted as a so-called holographic effect. It was
proposed that a Planck length in our 3D-brane would now
be much smaller than the (large) compactified dimension,
i.e. £p; < 10~* m, leading to the holographic effect. This
scenario is definitely ruled out by experiment.
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Most recent results from experimental particle physics
seem to tell us that DM particles do not exist, whereas
astrophysical observations (starting about 85 years ago
with Zwicky in 1933) [13] have provided irrefutable
experimental evidence for their existence, e.g. based on
gravitational lensing. However, the original assumption of
DM was that it occurred inside galaxies, but the recent
astronomical observations by Bidin, ESA 2010, 2012, and
confirmed in December 2014, seem to prove the absence
of DM inside galaxies, confining DM to the galactic halo.
Despite the criticism by Tremaine and Jovy in 2012 (see
Part I), this leads to a scenario requiring an entirely new
physical mechanism for the explanation of the deviating
galactic orbital velocities. Dark matter has been elusive for
more than eight decades, and the recent community report
[14] with more than 100 authors (suggesting numerous
novel small experiments, as the large experiments have
turned up empty handed) sounds like a desperate attempt
to finally detect the missing DM.

Also unexplained is that, based on observations of
hundreds of galaxies, it is evident that the velocities of
stars orbiting the galactic centre deviate from Newton’s
gravitational law at small accelerations, assuming the
total gravitational galactic mass is based on the amount
of luminous matter. The MOND (Section 5.4) hypothesis
gives the correct numerical values but lacks any physical
explanation.

An important idea coming from the novel concept of
hypercomplex groups, as will be discussed in Section 5,
is the closely associated idea of matter flavour — as an
analogy to quark flavour or colour flavour. Different types
of matter, positive, negative, and hypercomplex matter
(including imaginary matter), result from the introduction
of extra number systems that make the idea of extra space
dimensions superfluous.

Another mystery is that cosmology has no explanation
for about 68 % of the energy in the universe’ that comes
in the form of DE as confirmed by Planck satellite data

7 The term universe is used to mean the observable universe, which
is the spherical region of the universe comprising all matter that can
be observed from Earth at the present time by light or neutrino sig-
nals or gravitational waves — all with finite propagation speed — that
have had time to reach our planet since the beginning of the cosmo-
logical expansion. There is currently no accepted experimental proof
for the existence of superluminal signals. The distance a photon tra-
versed, emitted by a galaxy f,;, = 100 million years ago, also termed
the lookback time, is dp, = ct,y as the speed of light in vacuum is
independent of time. However, the distance to the other galaxy dgx >
dpn, at the arrival of these photons. This distance is difficult to deter-
mine because it is changing while the photons are traveling owing
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in 2013. In Section 6, a novel idea is presented, attributing
the existence of DE to the evolving structure of spacetime,
and therefore according to EHT DE cannot be produced in
accelerators. Such a form of energy neither exists in the
SM of particle physics, nor in the proposed supertheories.
That is, DE would be the direct result of the formation of
the smallest units of space.?

Regarding novel aspects of gravity outside Einstein’s
GR, three different types of experiments (2006-2011) are
mentioned that may have generated extreme gravity-like
fields at cryogenic temperatures. In Section 5, additional
gravitational bosons and different types of matter are
introduced that may resolve the apparently conflicting
data obtained from recent experiments and astrophysi-
cal observations as well as elucidating the nature of DM
and DE. In particular, it will be argued that the interac-
tion between electromagnetism and gravity, as already
surmised by Einstein in 1916, may exist owing to the phe-
nomenon of symmetry breaking in combination with the
generation of virtual particles of hypercomplex mass.
However, this requires a different type of gravity, dubbed

to cosmic expansion (governed by the Friedmann equation), charac-
terised by Hubble’s parameter H = H(t). Its present value s called the
Hubble constant Hy =~ 22 km/s per Mly. Hence, the spatial dimension
of the universe dy > cty, where ty ~ 13.8 billion years (Planck satel-
lite data) denotes the age of the universe, that is, the maximal look-
back time. Notice, that cosmic expansion has no impact on physically
bound systems like atoms, solar systems, or even galaxies, because
it is not strong enough to modify the effective gravitational poten-
tial into a potential that has no reversal points as shown in detail
in Section 9.8 in the book by the authors [9]. Of course, everything
depends on the temporal evolution of H = H(t).

8 It may be argued that superluminal speed is present in the path
integral formulation of Feynman. Any arbitrary path from an initial
location x; to the final location x is represented by a polygon in the
x — t plane with the corresponding time interval [¢;, ¢] subdivided
into n discrete time intervals At. For each of these (supposedly small)
time intervals, however, the integration over space (x-coordinate)
goes from —oo to 4o, i.e. the length of a path is not restricted. Clearly,
this would mean superluminal speed for any material particle going
along this path, but the path integral formulation associates a prob-
ability amplitude <x; t;|xs tr>, that is, a complex number to each
path P. Hence, the resulting probability amplitude for a particle to
arrive at location x; and time ¢ is given by the sum over all possi-
ble paths <x; ti|xy ty> = > p <x; ti| Xy tr>,. Often the amplitude over
path P is written in the form ¢[x()]p := <x; t;|xf t;> p to denote that
¢[x(0)]p is a functional; that is, it depends on the entire path x(t)
and not on a single number. In order to calculate such a probabil-
ity amplitude the genius of Feynman, remembering remarks by Dirac
concerning the role of classical action S in QM, postulated the relation
¢[x()]p := C exp (i/h S[x(t)]), where the constant C is chosen to nor-
malise ¢ and S = [tff L(x, x, t) is the classical action, and L denotes
the Lagrange function, e.g. kinetic minus potential energy, Ey;, — V.
Apart from the fact that it is not clear how to do the integration over all
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hypercomplex gravity, outside Einstein’s GR but not incon-
sistent with GR.

As reported in Part I of this article [2] recent data
from atomic physics and particle physics as well as astro-
physical observations appear to have invalidated so called
supertheories developed over the last four decades and
meant to replace the SM of particle physics developed in
the early 70s of the last century. In Section 3, a review of the
current search for novel particles based on the latest LHC
data will be presented along with the repercussions on
the so-called supertheories. According to particle physics
experiments a DM particle does not exist, i.e. nothing was
ever observed. On the other hand, for astrophysicists the
existence of DM is beyond scientific doubt — it is an empir-
ical fact. Without DM there would be no galaxies. Even
worse, astrophysical measurements (according to recent
Planck satellite data) have determined 68 % of the total
energy in the universe as DE. Such a form of energy does
neither exist in the SM of particle physics, nor in the pro-
posed supertheories. As a consequence, it may be con-
cluded that the universe should not exist. It is obvious that
the present extension of the symmetry of the SM (SU.(3) x
SUw(2) x Uem(1)) has led to a major confrontation with
physical reality. Already, in 1967, B. Pontecorvo postulated
a new particle, termed the sterile neutrino, with a mass
of about +1 eV/c? and generally interpreted as some kind
of fourth neutrino. Such a particle may indeed exist, as
indicated by the most recent experimental data from the
MiniBooNE experiment. However, according to EHT, its
physical properties need to be completely different from

paths, it seems strange that the length of path x(t) does not play any
role. All possible probability amplitudes appear to arrive at the same
time ¢ interfering simultaneously at x;, resulting in a single ampli-
tude, which, when squared, gives the probability to find the particle
atlocation (xy, t7). A single probability amplitude cannot be measured
and thus has no physical reality; i.e. it is not a signal; that is, it cannot
be used to transport information. The information is contained in the
square of the probability amplitude (upon interference of amplitudes
took place), which gives the probability to find the particle at xfin an
interval dx and at time ¢ in an interval dt. In other words, as probabil-
ity amplitudes are not physical entities, they cannot be used to send
physical signals. The measured probability does not provide any hint
on the structure of the interference pattern. Different sets of proba-
bility amplitudes represent different interference pictures, but if the
same probability distribution results, they describe the same physi-
cal reality. Hence, there is no possibility to distinguish between these
different sets of probability amplitudes. In other words, a changing
interference pattern cannot be detected so long the resulting proba-
bility distribution remains invariant. In a similar way, the exchange
of two identical particles in a physical system cannot be observed,
which may be realised with superluminal speed, but this process is
not accompanied by any information transport.
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the three known lepton families yet this is not matched
by the postulated sterile neutrino, as will be discussed in
further detail in Section 7.3.2.

A new era of astronomical observation began with
the advent of the Hubble space telescope in the 1990s.
Over the last few years numerous additional satellites
and telescopes were sent into space and, in combina-
tion with sophisticated highly powerful ground based
telescopes, e.g. the VLT (Very Large Telescope) of the
European Southern Observatory (ESO) in Chile, the new
research field of astroparticle physics was initiated. It
is possible that astroparticle research may not just sup-
plement earthbound accelerator research, but actually
compete with it. As discussed in Part I, the future of the
next-generation accelerator with a circumference of about
100 km is uncertain, and Fermi’s 1954 proposition for Glo-
batron, an accelerator that spans the Earth, is no longer
a realistic alternative (because of space debris apart from
technical issues). Instead, a high luminosity upgrade of
the LHC, termed HL-LHC, to 60 fb~! is planned for 2026
(five times the number of the present number of collisions
per unit time and area at the collision point of the two
colliding beams), with a further increase to 3000 fb~!in
2035. In any case, the particle energy provided by the cos-
mic accelerator cannot be matched, but perhaps improved
recording equipment may enable us to make use of it.
Already, when CERN was established in 1953, the study of
cosmic rays was formulated as one of the major scientific
goals of CERN.

The recent results of the H.E.S.S. collaboration (fin-
ished 2015) starkly question another cornerstone of
today’s astrophysics, namely, the occurrence of the Big
Bang. From the proposed hot Big Bang nucleosynthe-
sis comes the main evidence for DM as a type of
exotic, nonbaryonic matter. Supersymmetry, based on
extra dimensions, provides the framework for a particle
species that fits the observed properties of DM. The light-
est supersymmetric particle, which is stable, comes in
the form of four neutralinos, considered to be the perfect
WIMP. WIMPs (weakly interacting massive particles) can
only weakly interact with OM, e.g. nucleons. Nevertheless,
several experiments (XENON1T, DAMA, CMDS, Edelweiss,
PandaX, see below) have been operating for decades
to directly detect collisions of WIMPs and OM, but to
no avail. For instance, in 2012, the XENON100 experi-
ment at the Gran Sasso Laboratories produced a WIMP
cross-section limit of 2.0 x 107%° m? for a WIMP mass
of 55 GeV/c? at 90 % confidence level. On May 18, 2017,
XENONIT, the successor experiment, reduced this limit
(for a spin-independent WIMP-nucleon elastic scattering
cross section) to 7.7 x 10~°' m? for a 35 GeV/c> WIMP mass
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at 90 % confidence level [15]. Hence, together with recent
ATLAS and CMS data (Section 3), evidence is mounting
that WIMPs do not exist.

This futile search also questions the hypothesis of a
hot Big Bang (Section 6). If the universe was filled with a
hot plasma immediately after the Big Bang the relativistic
WIMPs would have collided with each other, and ordinary
particles would have been produced by WIMP annihila-
tion. This process would have slowed with the cooling of
the expanding universe. Given the strength of the weak
force, it can be calculated that today there must be five
times more cold relic WIMPs (DM) than ordinary particles.
Not a single WIMP was ever detected. Hence, the hot Big
Bang picture may not be correct.

In addition, many SUSY theories predict their lightest
superpartner to be stable in form of a neutral, weakly inter-
acting particle — WIMP. This ghostly particle is searched
for by the LHC — as will be discussed in Section 3 - so far
in vain.

According to the ideas of EHT, to be discussed below,
the concept of a Big Bang may have to be replaced by a
Quantised Bang (Section 7.2). In addition, these nil exper-
imental results also speak against two key concepts in
physics, namely, SUSY and extra spatial dimensions, the
cornerstones in all advanced particle theories.

Gravity and electromagnetism are the two long-range
interactions known in current physics. In 1911, Heike
Kamerlingh Onnes in Leiden reported on the phenomenon
of superconductivity in mercury below a critical tempera-
ture T¢, showing that the electrical resistance of a conduct-
ing material effectively could be zero. In analogy, the EHT
model predicts the existence of a similar effect for grav-
ity, for which the name hypercomplex gravity was coined.
That, however, has to be outside GR, which is based on the
curvature of spacetime. By contrast, hypercomplex-gravity
fields arise from the interaction with electromagnetic
fields in spacetime through (additional) gravity mediator
bosons of spin 1 and not by acting on spacetime. These
fields represent a new, second type of gravitational inter-
action that is of the same type as the electromagnetic,
weak nuclear force and the strong nuclear force. In that
sense, it would be correct to state the existence of four
fundamental interactions, whereas GR is to be considered
as the interaction of the spacetime lattice with any kind
of matter, i.e. affecting the motion of all physical entities
that carry energy. Einsteinian gravitation does not exhibit
the classical property of being a force mediated by bosons.
Of course, a spin 2 boson, termed the graviton, can be
postulated in order to comply with the general picture of
physical force, but it is more a mathematical convenience
and not a physical necessity. Moreover, such a boson was
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never observed. Einstein’s equivalence principle predicts
the equality of inertial mass and gravitational mass, but
it is not clear that this idea holds at the quantum level,
and the latest experiment, July 2018, did not find any hint
for the existence of a graviton particle. It also seems that a
gravitational Casimir effect does not exist. Quantum the-
ory allows the superposition of states, which means that
a massive particle may be in two different states at the
same time, and because different states do have differ-
ent energy levels, they necessarily (remember Einstein’s
E = m?) represent different masses. Then the total mass
gets also fuzzy and thus may be in conflict with Einstein’s
equivalence principle (so far no deviation has been found).
It seems that if a particle obeys Heisenberg’s uncertainty
principle (meaning that the system has two noncommut-
ing observables), it necessarily may be in conflict with
Einstein’s equivalence principle (see the recent article by
Zych and Brukner [16]). However, a lively discussion on
the quantum nature of gravity already took place in 1957
(see the final chapter in [17], p. 260), including the eminent
physicists R. P. Feynman, Bondi, Rosenfeld, Bargmann,
de Witt, Belinfante, and J. Wheeler. This question has not
been decided upon, as the recent article by Marletto and
Vedral [18] shows. They suggest the gravitational field be
probed by two masses, extending a proposal by R.P. Feyn-
man of 1957 discussed in [17]. The first mass, being in a
superposition of two locations, becomes entangled with
the field (similar to diphoton entanglement), while the
second mass, also in a superposition, is used to report
the entanglement. First, if two quantum systems (i.e. two
masses) can be spatially superposed and become entan-
gled through the interaction of a gravitational field, then
that gravitational field itself must be quantum capable of
possessing two noncommuting observables.

This prediction allowed the pair to propose tests that
would tease out the quantum behaviour of gravitational
acceleration. So far, the major difference between the two
classical long-range forces is that electromagnetic fields
can be generated in the laboratory, while gravitational
fields (so long as gravity is considered to be of geometric
nature) cannot be engineered. By contrast, hypercomplex-
gravity fields should be similar in strength to electromag-
netic fields for they do not originate from geometry.

According to GR, gravitational fields can only be
produced by large static or moving masses, e.g. plan-
ets or stars. In Einstein’s time (1915), EM was the only
other known interaction, and Einstein devoted the rest
of his career trying to unify these two forces, but also
searched for a direct interaction between electromag-
netism and gravity as Faraday had already surmised. The
gravitomagnetic fields predicted by GR are far too small
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to be of technical interest. This situation will not change
because recent observations and simulations by Parsa
et al. [19] are confirming GR also in the nonlinear range.
In other words, GR in the form of Einstein’s field equations
is encoding the geometric nature of spacetime, at least as
soon as it can be represented by a manifold. Owing to the
extreme rigidity of the underlying spacetime lattice, man-
ifested by the exceedingly small size of the grid spacing
(see next section), the feedback of matter on spacetime
is generally extraordinary weak (including black holes).
Furthermore, if spacetime ultimately is a lattice, that is, is
discrete, the example of a metric

ds® = (dx* + dy*)/y’

that describes the so-called Poincaré half-plane (see A.
Zee Chapters 1.5 and IX.6 [20]) is not possible. This met-
ric requires that the length of a ruler — 0 for y — 0 while
the edge of this plane, aty = 0, is infinitely far away from
any finite point (x, y). This behaviour is due to the assumed
continuity of spacetime, being a manifold at any length
scale. A discrete spacetime would invalidate the recent
advance in string theory and quantum gravity, known as
Ads/CFT (anti de Sitter/conformal field theory).

The supermassive black hole at the centre of our
galaxy, known as Sagittarius A*, has a mass of about
4.5 x 10° M (solar mass) and is about 8.2 kpc from Earth.
It is also hidden behind a cloud of gas and dust; thus,
observations are restricted to radio waves or the infrared
range. By measuring four relativistic star orbits close to
the supermassive black hole, Sagittarius A*, Parsa et al.
provide strong support that GR is most likely to be correct,
but their observations will be repeated in 2018, performing
interferometric studies of stellar orbits close to Sgr A*, in
order to accurately determine the relativistic parameter of
additional stars as well as the impact of the drift motion
of Sgr A*. In mid-2018, there is the opportunity to mea-
sure the highly elliptical orbit of S2, the closest star to Sgr
A*. Owing to previous results, GR is expected to be fully
vindicated. Although no direct connections to the MOND
hypothesis exist, we consider it highly improbable that GR
will fail at small accelerations.

As the above discussion should have revealed, a uni-
fication of Maxwell’s equations and Einstein’s field equa-
tions should not be possible because their physical roots
are different. EM originates from spin 1 bosons, while GR
is due to the geometric property of the spacetime manifold
itself. Second, Einstein and Faraday may have been correct
in their search for an interaction between EM and grav-
ity, but this required a new type of gravity, termed hyper-
complex gravity, as mentioned above, mediated by spin 1
bosons, and so is outside of GR. In order to incorporate
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such a phenomenon, the group structure of the SM of
particle physics needs to be properly extended (Section 5).

However, during the last two decades, several exper-
iments have been performed that may have gener-
ated/measured extreme gravitomagnetic or gravity-like
(i.e. acceleration) fields at low temperatures in the labora-
tory as well as in space, as reported in Part I. If correct, this
would be an indication that GR is not the complete descrip-
tion of gravitation. At present, there are three different
possible experimental sources as discussed in Part I, for
extreme gravitomagnetic fields (although their existence is
not conclusive). These are Tajmar et al. and Graham et al.,
whose experiments were carried out in the laboratory as
well as the Gravity Probe-B (GP-B) experiment, launched
into a 640 km LEO (Low Earth Orbit) in 2004. GP-B was not
devised for the detection of extreme gravitomagnetic or
gravity-like fields, but might have inadvertently generated
these fields in space.

In addition, the fundamental physical principles, laid
out in Section 4, severely constrain the number and types
of particles in the universe and establish a fairly restric-
tive framework of admissible cosmological models that
exclude/modify several physical principles of contempo-
rary physics such as unification, higher dimensions, Big
Bang, and multiverses.®

Into the universe, and why not knowing,
Nor whence, like Water willy-nilly flowing.

The Rubaiyat of Omar Khayyam,
Verse XXIX [23], 1995

3 Verdict of the LHC Data

The Rubaiyat of the Persian astronomer-poet Omar
Khayyam has been an enigma for western interpreters for

9 The multiverse idea has different meanings as described in a recent
article by C. Hespel [21] and also in the book by astrophysicist A.
Barrau [22]. However, these authors have not considered the latest
experimental results from CERN, nor are the recent experimental find-
ings on the range of Newton’s law discussed. We reject the idea that
we are the special part of a multiverse, comprising 10°°° universes,
i.e. the one that does sustain life. The probability to end up in such a
universe is 1059, that by all standards in physics should be consid-
ered equal to 0. Any concept based on infinities or singularities has to
be rejected. Einstein’s general theory of relativity is an extrapolation
from physics to the realm of real numbers R that ceases to function
as soon as the discreteness of nature produces perceptible quantum
effects. This also holds for the concept of Lorentz invariance that is
not consistent with the existence of a space-time lattice. Rotations
on a grid have only a finite number of degrees of freedom, whereas
a manifold provides an infinity of degrees of freedom.
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centuries. Only recently, P. Yogananda has given a logical
and consistent interpretation [23] of this text.

Our cosmic environment is still a major riddle for us
(why not knowing), nor do we currently know its origin
(nor whence). Moreover, we are mere spectators, not able to
change the course of cosmic phenomena (water willy-nilly
flowing).

The LHC is the most powerful scientific tool meant
to reduce our state of ignorance with regard to particle
physics and cosmology. The CERN exotic search program
is believed to provide the necessary data to discriminate
between the various advanced theories that are all based
on extra space dimensions.

Of course, the CERN program is not the only one
searching for new particles and DM in the form of WIMPs
that may have any mass ranging from 1 MeV to 10 TeV, a
clear sign that theory is at a loss. Numerous experiments in
the search for WIMPs have been going on for decades and
are being constantly refined (Section 7.3.2). A comprehen-
sive view of the ongoing experimental research programs
for DM until the end of 2011 is given in Chapters 6, 8 [24]
by N. Prakash. All experiments at that time reported a null
result. Hence, only experimental results published after
that date will be cited.

The other exotic candidate for DM, the axion parti-
cle, was postulated independently by S. Weinberg and
F. Wilczek in 1978. Initially, a mass around 0.01 eV/c?
was calculated, whereas the latest search efforts by the
recent high-sensitivity ADMX experiment [25] are focused
on smaller masses in the range of 1 — 100 peV/c? sim-
ply because no axions were found in the former range,
and also the experimental sensitivity improved substan-
tially. The ADMX collaboration uses a so-called haloscope,
that is, a cryogenic microwave resonator embedded in a
strong static magnetic induction field of about 7 T. It is
assumed that a DM axion field generates a current den-
sity within the resonator volume, oscillating with a fre-
quency v = E/h, where E is the axion energy coming
mainly from its rest mass. In case the tunable resonator
frequency matches the axion frequency, the axion cur-
rent source delivers power to the resonator in the form
of microwave photons, owing to a small but measurable
axion-photon cross section. No axions have been detected
so far, but the mass range between 2.66 and 2.81 er/c2
predicted by several models was excluded by ADMX (April
2018).

Astrophysical observations suggest that the luminous
matter in galaxies and the much more massive halo of DM
surrounding galaxies are gravitationally bound. It must
not be forgotten that DM was not found inside galaxies,
according to Bidin et al. (discussed in Part I). However,
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the solar system in its galactic motion would be moving
through its halo, and thus, WIMP-nucleon elastic scatter-
ing might be detectable.

3.1 LHC Data and New Particles

The Higgs particle, proposed in 1964, has been the only
new elementary particle found by the LHC in Geneva (as of
winter 2018). On December 3, 2018, the LHC was shut down
to increase its luminosity and is planned to reopen in early
2021 [26]. In the meantime, the large amount of data the
LHC experiments have already produced will be analyzed
in order to extend our knowledge of fundamental physics.
In particular, no elementary particle has been identified
that could serve as a DE or DM particle. This is despite a
recent extensive experimental search program at the LHC
[27] confirming the nil results of many other experiments,
already started some 40 years ago.

As was expressively stated by string theorists prior
to the inauguration of the LHC, the LHC would be used
in producing DM particles and observing their proper-
ties. Thus, the LHC combined with SUSY was supposed
to be the key to understanding DM. The lack of DM par-
ticles suggests that they likely cannot be produced in
the LHC. However, the gravitational impact of DM has
clearly been measured (e.g. weak gravitational lensing),
which means either DM is not composed of particles or
DM particles do not exist in our spacetime (see below).
In agreement with the results of the measured valid
range of Newton’s law [6], the updated LHC did not find
any energy leaks at length scales of ~ 10~ m, further
rendering improbable the concept of extra higher space
dimensions — which is fundamental to all types of string
theories.

Most recently (2017), intensive search for WIMPs has
taken place, following the upgrade of the LHC to /s =
13 TeV (centre of mass energy) in 2015. In the parti-
cle models beyond the SM, it is assumed that WIMPs
may be pair-produced in collider experiments by means
of hitherto unknown fields (bosons) by a coupling of
DM particle(s) and the baryonic matter of the SM. If any
WIMPs were produced in a collision, then by their very
nature they would escape detection. However, a trans-
verse momentum deficit should be detectable, yet the
CMS collaboration [28] has been searching for this type
of event for several years without finding anything. The
results of this search will be discussed further in Part III,
where a comparison with self-interacting DM models is
made.
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Der Intellekt hat ein scharfes Auge fiir Methoden und Werkzeuge,
aber er ist blind gegen Ziele und Werte.

Albert Einstein

4 Cosmic Principles

Einstein’s words as of 1933 (from the Introduction) proved
to be prophetic for our time because the mathematics in
almost all areas of theoretical physics has soared to dizzy-
ing heights,'® and physical models are marked by extreme
complexity as in string field theory, conformal field the-
ory, Calabi—-Yau phenomenology, or the newer concepts of
membranes of various dimensions. Nevertheless, itis a fact
that despite all these advanced mathematical tools, the
progress in theoretical physics and cosmology leaves much
to be desired [2]. An enormous rift between these complex
models and their actual physical reality has become appar-
ent over the past 50 years, and all attempts to bridge this
gap by newer (and more complex) modelling have ended
in failure. This may be the time for a paradigm shift. Strings
should be handed over from the physics to the mathemat-
ics department in order to free them from experimental
constraints. Their name, M string, may remain the same;
that is, it stands for mathematical string. In a recent article
termed Theoretical Physics Is Pointless without Experimen-
tal Tests [29], A. Loeb issued a stern warning against the
acceptance of purely theoretical models without any shred
of experimental evidence. There seem to be theoreticians
who believe that the beauty of a model overrides the final
experimental verdict. It should be kept in mind that even
Einstein was wrong on quantum mechanics and on gravi-
tational waves that he both rejected. A recent critical dis-
cussion on novel noncommutative properties of spacetime
by T. P. Singh can be found in [30].

Let us now consider what Einstein said about the fun-
damental principles in physics when he addressed his
audience at Oxford University in his 1933 Spencer Lecture:

These fundamental concepts and postulates, which cannot be fur-
ther reduced logically, form the essential part of a theory, which
reason cannot touch. It is the grand object of all theory to make
these irreducible elements as simple and as few in number as pos-
sible, without having to renounce the adequate representation of
any empirical content whatever.

10 Nature’s secrets will not be revealed to dry intellectualists per-
forming mental mathematical gymnastics, but rather a mindset like
Einstein’s is needed, i.e. a strife for getting to know the fundamen-
tal reality behind the manifest physical phenomena to improve the
foundations of physics.
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Heeding Einstein’s advice and before any unified physical
theory — if this is possible at all** - is to be formulated
a set of foundational principles, believed!? to represent
the essential physical features of the cosmos, needs to
be established. These guidelines — called cosmological
principles or (shorter) cosmic principles because they are
assumed to provide the basis for the construction of the
cosmos — shall serve as the description of the physical
world as well as the subsequent mathematical formulation
of all physical phenomena.

This means that imposing the symmetry properties of
groups SU(5) or SO(10) (now ruled out by recent ACME
data) probably will not meet with success because the
physical evidence contained in the cosmic principles is not
adequately considered.

Instead, guidelines for a possible group structure
of both spacetime and matter should be extracted from
these cosmic principles (see Sections 5.4 and 5.5 in [9]).
The result is an approach that leads to major exten-
sions/modifications of the SM of particle physics with
respect to the nature of gravitation, as well as the group
structure for particles and the types of matter. The SM of
cosmology is questioned, and the concepts of spacetime,
DE, DM, and the current hot Big Bang model reformu-
lated, leading to a closed but very large universe of finite
existence time.

The fundamental physical principles that are sup-
posed to govern the physical cosmos (the universal order)3

11 Note: The concept of unification will be discussed in Section 4.1,
and it will be found that unification of the four basic interactions,
as attempted for about a century, contradicts the principle of duality
and thus cannot be achieved. In addition, the cosmological gravity
fields as described by Einstein’s field equations are not part of the
four fundamental interactions, at least not in EHT, because they result
from geometry. Instead, in EHT, it is the hypercomplex-gravity fields
together with electromagnetism as well as the strong and weak forces
that are considered as the four fundamental physical interactions for
they are based on the concept of physical charge. Hence, a different
approach to unification has to be sought.

12 No mathematical proof for the correctness of the collection of fun-
damental principles is possible, but in physics their usefulness can be
judged by how well these principles do represent physical reality, i.e.
match experiments and observations. Hence such a set of principles
should be unique. This is not true for other fields; see, for instance,
the article by B. Heim Ein Bild vom Hintergrund der Welt [31].

13 Mystics of all ages and all cultures have been reporting on the exis-
tence of a nonmanifested realm of higher reality than the physical
cosmos where categories of space, time, and matter do not exist in
the same way as in our cosmos. It is obvious that physics, as we con-
ceive it, is restricted to the manifested universe, and no attempt will
be made to provide any assertions of the nature of the metaphysical
realm in the framework of the fundamental physical principles.
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have to be identified from generally acceptable conclu-
sions consistent with the most basic observations (for
more details, see the initial chapter of [9]). It is most aston-
ishing to perceive the far-reaching physical consequences
of these simple sounding principles and the constraints
they impose on the mathematical formulation of any phys-
ical theory. Of course, their validity must be demonstrated
by their predictive power as well as their compliance with
present and future experimental data.

This process naturally involves a new view of the
world (Weltbild), and it is this underlying Weltbild that
determines the features of the fundamental theory. Ulti-
mately, the test of a theory is provided by confronting its
predictions with existing experiments in general and new
experiments in particular. Any fundamental theory must
be able to extend the current Weltbild by predicting novel
phenomena; i.e. it must be testable by experiment.

The core ideas that are behind the Weltbild can-
not be derived from physics itself. The foundations of
the Weltbild are outside of physics, but once they have
been formulated and the physical model based on these
principles is developed, no (basic) further adjustments
should be allowed.

Furthermore, once these principles are in place, one
could begin formulating the proper Lagrangians and their
respective symmetries by observing the constraints result-
ing from these principles.

As we shall see in the following section, those funda-
mental principles lead to a drastically enhanced under-
standing of the basic features of the cosmos, despite their
relatively straightforward formulation. They also set up
several stringent guidelines for theory.

Measurements of the ESA Integral satellite (Part I)
seem to suggest a discrete length scale of space, far below
the Planck length, as the grid structure becomes visible at
less than 107°° m?# far below the Planck length. Thus, it

14 Remark: It is generally believed that a theory of quantum grav-
ity describes spacetime at the Planck scale. There are ideas that the
expected large fluctuations of the geometry might lead to changes
in the spatial topology. For that reason, Ambjorn et al. [32] imple-
mented a topology change of the path integral in their CDT simula-
tions to model the impact of topology. However, if the measurements
of the Integral satellite are taken into account, the ratio of the Planck
length and the small (but finite) spacetime lattice spacing As is in the
range of £p; (As)~! =~ 103 — 10'° that is far above the Planck length.
The Planck length expressed in spacetime grid units can be consid-
ered a continuous variable, and thus no fluctuations should occur.
Hence, no change in spatial topology should be expected to occur
at the Planck length. Therefore, a new framework of physics as pro-
posed by theorists may not be needed because quantum gravitational
effects are not relevant at the Planck length, and thus, a violation of
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appears that the Planck parameters do not apply to the
properties of the spacetime grid but characterise the abso-
lute limit of material or energetic processes. There appear
to be two different fundamental length scales. The first
is the cosmic grid spacing, which is the length scale at
about 10~°° m (the corresponding Compton wave length
required a particle of mass m ~ 10° kg!), and is deemed to
be responsible for the stability of the spacetime lattice. The
second is the Planck length at about 103> m, indicating
the length scale at which quantum fluctuations cease to
exist because they are of energetic nature. Hence, the sta-
bility of the spacetime grid is never compromised by even
the strongest quantum fluctuations. This seems to be fur-
ther vindicated by the CDT simulations of Ambjorn et al.
[34-37] because in the vicinity of the Planck length the
dimensions of spacetime appear to change from four to
two. Hence, at or above the Planck length, the spacetime
grid can be treated as a manifold, that is, like a continu-
ous theory — as with Einstein’s GR, possibly with quantum
fluctuations, that is, the cosmological parameter A. This
suggests an intriguing possibility. Perhaps there is no need
for quantum gravity at or below the Planck length. Obvi-
ously, at the length scale at which space becomes discrete,
matter does not exist anymore.

It remains an open question whether or not cosmic
grid spacings denoting the discrete space and time inter-
vals of the spacetime lattice, represented by As and At, are
time dependent, i.e. have changed in the time history of
the universe. For instance, the late B. Heim [38] proposed
a metron size (elemental surface with spin) decreasing in
the course of the cosmic evolution leading to a symmetry
breaking at the Planck scale and subsequent generation of
matter.

Kaluza employed the concept of higher space dimen-
sions in 1919, not based on experimental evidence but
borrowing from early science fiction literature in order to
unify electromagnetism and gravity. As we know today, his
original idea proved to be incorrect (Part I). Nevertheless,

Lorentz invariance owing to quantum gravity effects should not be
observable. In addition, as brane worlds do not seem to exist, any vio-
lation of Lorentz symmetry appears to be less likely. However, Lorentz
invariance is at odds with both discreteness; that is, when the quan-
tised nature of our universe emerges and unitarity [33], see Schwartz,
Chapter 8 owing to the =+ signature of spacetime and of the mixing
of time and space coordinates due to Lorentz boosts. As the Lorentz
group SO(1,3) is not compact, there are many representations that vio-
late unitarity, that is, L'L # 1, and probability values may be P > 1.
It seems that GR and QM are not compatible, although both theories
so far have been fully confirmed experimentally. As QM appears to be
more fundamental, it seems that Lorentz invariance may have to be
abandoned under special circumstances.
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the concept of extra dimensions survived (because it
sounds so obvious) and was never really questioned,
and the most complicated mathematical edifice (string
theory) was built on this unproven assumption. String
theory is assumed to predict gravity because it requires
the existence of a massless spin-2 particle and thus at
long distances mimics the couplings of GR. Such a boson
was never measured, and it remains uncertain whether a
purely geometric theory like GR will produce a real parti-
cle that results from the curvature of space and time. In
addition, string theory cannot account for the existence
of strong hypercomplex gravitational fields that are rep-
resented by spin 1 particles (see below). It is a well-known
fact that GR is not a renormalisable theory owing to the
spin 2 graviton. Perhaps the spin 1 hypercomplex gravity
is the kind of renormalisable gravity sought for, whereas
GR is outside unification.

The main requirement for any acceptable physical
theory is sufficient predictive power to incorporate novel
physical phenomena from various sources without having
to construct additional contrivances in order to prevent
major deviations from experiment. In other words, a valid
theory must not grow exceedingly complex to fit new
experimental data. A negative example in the history of
science is the Ptolemaic model postulating the Earth to be
at the centre of the universe. To be consistent with new
data, it became increasingly unyielding over the course
of time. Whenever new observational data came along,
proponents had to resort to ever increasing mathemati-
cal complexity to reproduce physical reality. Eventually,
the attractiveness of the original simple physical model
was completely lost. The basic physical ideas of any the-
ory should be expressible in the form of a few key ideas.
The consistent mathematical formulation of the theory is
a different story, but as Einstein said, “Ideas are more
important than knowledge.”

If this view is correct, string theory cannot be con-
sidered a correct physical theory, because there is scant
predictive power — the few predictions made that were
measurable proved to be incorrect. Often when new exper-
imental evidence became available, major adjustments
were required (see the discussion in Part I) to escape the
experimental verdict — a running theory.

In the next section, a set of novel fundamental physi-
cal principles is presented that will lead to guidelines for
the extension of both the SM of particle physics and cos-
mology. These principles are leading to a Weltbild highly
different from hitherto favoured supertheories. In particu-
lar, the set of no-go theorems, derived from these princi-
ples and discussed below, demands the abandonment of
essential current physical concepts, including unification
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of all physical interactions, higher space dimensions,
Einstein—Rosen bridge, Big Bang, etc.

4.1 Formulation of Cosmic Physical
Principles

Following Einstein’s idea, the following set of fundamen-
tal or cosmic principles are used as the core for any
advanced physical theory, prior to its mathematical formu-
lation. Of course, it is unknown whether this set is com-
plete. These principles serve as blueprints (or guidelines)
of the mysteries in an otherwise inscrutable universe. The
validity of the chosen set of principles can only be justified
in their success in describing physical reality. Establishing
a basis of principles should arguably be the first step in
establishing any comprehensive theory of space and mat-
ter. This approach is as close as possible to an axiomatic
formulation of physics.

1. Principle of duality: 1t governs all physical events in
the cosmos as well as the emergence of the cosmos
itself. The cosmos, that is, order, requires from its very
inception the duality of space and matter.*s It is consid-
ered (in EHT) the key principle of physics. In particular,
duality requires that formation or creation must be fol-
lowed by annihilation; i.e. the cosmos itself eventually
will be annihilated. In particular, the two primeval,
independent entities are geometry and energy. They
are interdependent and are to be considered as two
sides of one and the same coin. One state is as much a
part of its opposite state as are the two sides of a fabric.
This geometry—energy duality requires the spacetime
lattice (composed of elemental surfaces with spin) and
the associated primordial energy, namely, DE, to be
generated simultaneously (see also [39] the discussion
of the double helix).

In quantum mechanics, duality appears in the form of
the wave—particle duality governed by Heisenberg’s
uncertainty relation. Nevertheless, matter always
comes in the form of particles.

It is important to note that the duality principle strictly
limits the reductionist viewpoint, namely, the belief
that all interactions can be unified. First, there exists
the duality of geometry (the stage) and energy/matter

15 Without duality there is no spacetime or matter, nor are there any
dual conceptions or the law of relativity. In other words, physics does
not (yet) exist. First, there must be categories of objects. The question
of whence and why the cosmos came into being is unsolvable scien-
tifically. A somewhat benighted answer is in order to provide a cosmic
platform for the habitation of life in an infinitude of forms and myriad
manifestations.
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(the actors) that according to this principle cannot be
unified. This means that Einstein’s GR (cosmological
gravitational fields) and quantum theory may not be
unified in the form of quantum gravity as previously
thought and sought, for instance, as sought, see C.
Kiefer in Chapter 5 in [40] and also in his more recent
monograph [41]. As will be outlined in Section 5.3 the
grid spacing of the space lattice may not be the Planck
length but could be many orders of magnitude smaller.
This means that the Planck length ¢p; may not be the
proper length scale for the spacetime lattice.

Second, the mathematical groups discussed in
Section 5.4 predict the existence of a second kind
of gravity, represented by three additional gravita-
tional bosons, which should result from the interaction
of gravity and electromagnetism. This interaction is
termed hypercomplex-gravity fields, which would be
many orders of magnitude stronger than the cosmolog-
ical gravitational fields. It is these four fundamental
interactions, characterised by the three constants

GN’ C’ h”

to which the unification process should be applied.
GRis a classical theory because in its formulation

neither the wave-duality picture is employed, nor is

Planck’s constant # needed. Hence, the Planck length,

lp) = ,/% =10"°m,

constructed from Gy, c, i, may not be the appropriate
length scale for the spacetime lattice. By contrast, the
grid spacing of the spacetime lattice may be considered
to be governed by the constants

GNs Ca mpa

(mp denotes the mass of the stable proton), as will be
further discussed below when the principle of dual
energy is addressed. With regard to a length scale of
gravity, it seems to be more natural to consider the
length obtained when the gravitational self-energy of
a particle is equal to mc? as the proper grid spacing
As of the spacetime grid. In particular, as the proton is
the most fundamental stable baryon, one obtains for
the grid spacing of the spacetime lattice

GN m% 2
— = MypcC
As P
or
_ Gymp 1071107 _s4

As

2 " Bxio9z ~0m )



DE GRUYTER

2.

3.

resulting in a length scale about 19 orders of mag-
nitude smaller than the Planck length, indicating an
almost completely rigid grid untouched by almost all
comprehensible energetic phenomena. If this were the
case, then strong gravity [42], as obtained from the
world of particle physics, that requires

<G -m ) 2 1

2 12

would mean that the curvature of spacetime has to
be compatible with this length scale, L, far below
the Planck length /p;, and consequently, effects from
quantum gravity would not be visible. Furthermore,
¢ is clearly not on the TeV scale as recent LHC data

have shown. Thus, gravity could be considered weak
in all circumstances. Compared to the Compton wave-

length of the electron A; = mic ~3.86 x 10713 m,

As is an extremely small number. On the other hand,
if one assumes that the universe contains about 10%°
nucleons, the radius of the universe is determined as
Ry ~ 10%° m. With a grid spacing of 10~>* m, space-
time can be regarded as a manifold with regard to all
energetic aspects conceivable. If this length scale is
converted into mass, one obtains the Schwarzschild
energy scale Ms ~ 10> my,, and new physics should
appear. Such a particle should be totally unstable and
immediately decay because of its humongous mass,
creating a massive explosion.

Principle of extra systems of numbers: Nature uses
additional systems of numbers to produce different
types of matter (or different flavours of matter) and
to process information. Number systems employed in
current physics are the rational numbers Q, real num-
bers R, and complex numbers C. In addition, nature
may utilise also hypercomplex numbers (quaternions)
H as well as octonions O (Section 5.4). Extra systems of
numbers then are used, replacing the concept of extra
space dimensions. Extra number systems have major
ramifications in physics. For instance, they may lead
to different symmetries and larger groups compared
to the SM of particle physics. In particular, addi-
tional gravitational bosons are predicted, leading to
extreme gravitational fields outside GR. Such bosons
may provide the enabling technology for gravitational
engineering and propellantless space propulsion, pur-
sued by space industry and NASA since the 1960s
(Section 8).

Principle of optimisation: This means that nature
is perfectly optimised within the framework of exist-
ing physical laws. If only a single bit of information

4,

5.

6.

7.
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would be removed from the total information con-
tent of the cosmos, it would break down. Nature does
not use trial and error processes in her physical laws.
Instead, all of her processes take place such that no
process can be found that would result in a higher
degree of optimisation (e.g. Carnot engine). In this
regard, there is absolutely no redundancy in nature.
Mathematically, this principle can be expressed by the
Hamiltonian (or variational) formalism that is applica-
ble to both classical and quantum physics (see below).
This principle was already employed in the 17th cen-
tury by the French mathematician Pierre de Fermat to
set up a universal law for the propagation of light. This
principle also requires that gravity has to be derived
from an invariant action principle as is the case for GR
(D. Hilbert, 1915).

Principle of quantisation: Nature does bookkeeping
(accounting and counting), i.e. uses (half) integers
only. In reality, there are no continuous physical quan-
tities, only discrete quantities. This means infinities
or singularities cannot exist in physics. In addition,
spacetime ultimately has to be a lattice, which in
principle should have an effect on the propagation
speed of light waves with respect to their angular fre-
quency w, although such an effect would be extremely
small (see the remarks on the ESA Integral satellite
measurements Section 5.3).

Principle of quantum fluctuations: Nature does not
know static physical states. Even in the case of zero
external energy, there exists constant interaction with
the virtual particles of the vacuum (i.e. the state with
no real particles) of spacetime. This manifests itself
in the form of quantum fluctuations, governed by
the Heisenberg uncertainty relation and the duality
principle.

Principle of finite existence time: All objects (mate-
rial or immaterial) as well as structures (e.g. spacetime
itself) in the cosmos (universe) have a finite time of
existence because of duality and quantum fluctua-
tions. This principle is not independent of the other
principles, but because of its great importance, it is
listed separately. This also includes the cosmos itself.
In order for something to exist, the cosmos must exist
in a dynamical but time-limited state. For example,
directed motion is ubiquitous, but nothing can inflate
to eternity.

Principle of causality: There exists an arrow of time
(realised by ubiquitous motion of physical objects)
putting the equivalence principle into action by gov-
erning the direction of all physical processes and the
building of ever more complex structures (information
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content). Under limited circumstances, the arrow of
time may be reversed by cosmic symmetry breaking,
such as low cosmic background temperatures acting
as a governing parameter by forming a Bose—Einstein
condensate.

Principle of dual energies: In order to build a uni-
verse, both structure and matter are required. Struc-
ture reflects potentiality through admissible forms of
organisation (information), while matter is employed
to actualise its form. Hence, there must exist two
fundamental types of energy (duality principle).

First, there is the relation between energy and
information, that is experimentally verified, i.e. energy
of information that is connected with the name of L.
Szilard, 1929,

E = ny;; 0.69 kT 1n2, (2)
where ny;; is the number of bits comprising the total
information content of the physical system (i.e. the
crystal like space lattice), and T denotes tempera-
ture. A single bit of information is equivalent to the
amount of 0.69xpT of energy. The same amount is
necessary for deleting one bit of information. We this
call Szilard’s equivalence principle of energy and
information. It should be mentioned that an exper-
imental value of 0.28 k3T In2 has been established
(see Chapter 9.7 in [9] that discusses an Ising model of
spacetime) along with the concept of entropy?¢

S = xgInQ

where Q denotes the number of microstates, and the
assumption of an adiabatic expansion process of the
universe, the classical formula

1
dS_TdE

can be used to define the concept of temperature that
has to be utilised in (2). It is evident that the universe
must have started with the lowest entropy possible,
comprising two elemental surfaces only — the small-
est universe conceivable. There are only two (spin)
orientations possible, parallel (71) or antiparallel
(T1). The (negative) potential energy resulting from
the spin interaction of the first two metrons may be
described by an Ising model. Energy conservation then

16 An extensive discussion of the concept of entropy and its physical
interpretation with historical context is given by C. Kiefer in [40] pp.
142-161.

o.
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is satisfied by the production of DE (particles) that are
of positive energy density. That is, the initial entropy
of this universe is given by

S =xpIn2.

The inflationary evolution of the space grid
describes the rapid creation of elemental surfaces,
driven by the generation of DE (and vice versa).
This leads to exponential growth in the number of
microstates Q, accompanied by the elevation of tem-
perature T. Hence, the negative energy of informa-
tion, (2), has to be exactly compensated by the positive
energy of matter, (3), as a consequence of universal
energy conservation. This, in a nutshell, is the basic
idea of how our universe might have started from noth-
ing. Hence, it is described by the term Quantised Bang.

Second, there is the energy of matter

E=mc? = hw (3)
that describes material particles with rest mass m or
radiation of angular frequency w, respectively. It is
synonymous with the name of A. Einstein and his his-
toric articles published in 1905 and 1906. The two types
of energy are assumed to have been converted into
each other during the inflationary phase of the uni-
verse and therefore are regarded dual to each other.
Moreover, if the universe enters into its contraction
phase, marked by a reduction in the number of ele-
mental surfaces, DE necessarily diminishes as well
and with it all kinds of matter.

Principle of energy conservation: Energy is the phys-
ical quantity that produces changes in the states of
physical systems. The total energy in the universe is

In conjunction with the duality principle, this
energy may be split into negative (atoms of space)
and positive (DE) energies. Due to the optimisation
principle, energy is conserved. Owing to the quanti-
sation principle, energy comes in discrete quantities
only. Because of the principle of quantum fluctuations,
energy change AE during a period of time At obeys the
Heisenberg uncertainty principle,

AEAt > h.

Principle of dual universe: According to the
renowned British physicist R. Penrose [43], there
exists a mathematical universe (platonic world) for
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Figure 3: A physical system can interact only if it comprised sepa-
rate parts and its two wave functions do not overlap (upper picture,
a). In other words, an individual physical system cannot interact
with itself; i.e. there is only one wave function (lower picture, b). For
instance, the electron as an elementary particle cannot interact with
its field. Particle and field are two different but equivalent ways in
describing the same single physical object, namely, the electron.

the blueprints of coupling constants and physical
laws (cosmological principles) beside the physical uni-
verse that enacts their actual implementation in space
and time by means of material particles. This means
coupling constants cannot be derived from physical
theory.

11. Principle of non-self-interaction: Any physical sys-
tem that comprises a single system cannot interact
with itself (Fig. 3). In particular, a self-force does not
exist because it is based on the concept of retardation
owing to special relativity (SR), which is not appli-
cable to a single physical system.'” Otherwise, there

17 Note. There exists the term self-energy of the electron. This means
that an electron can emit and reabsorb photons, represented by a one-
loop Feynman diagram of order a?, which is the cause of the Lamb
shift in the hydrogen atom, W. Lamb, 1951. We think that the name
self-energy is a misnomer as it is not in accordance with the principle
of duality. Instead, the electron is supposed to exchange photons with
the vacuum field (spacetime without particles); i.e. the electron may
emit a photon that is absorbed by the vacuum field. Then, in turn, the
vacuum field re-emits a photon, which is re-absorbed by the electron.
The recoil from both emission and absorption smears the position of
the electron over a distance scale of about 0.1 fm. The smeared elec-
tron exhibits a weaker attraction (less negative energy level) to the
nucleus of the H atom, which is the proton. This effect should be
stronger for the s electron (2s;),, orbital angular momentum ¢ = 0)
because of its nonvanishing probability amplitude at the position of
the nucleus compared to the state 2p;;, with ¢ = 1 with a probability
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would be a contradiction, because if there is a single
physical entity only, nothing exists to interact with.
For instance, this means that an electron e~ cannot
interact with its own field as assumed in classical
electrodynamics for there is no second partner avail-
able for physical interaction. In particular, a self-force
does not exist, because it is based on the concept of
retardation owing to SR, which is not applicable to a
single physical system. However, in general the con-
cept of a single entity system will depend on the type
of the specific interaction but is independent on spa-
tial separation and on the number of particles. As
long as the system can be described by a single wave
function with regard to the physical phenomenon con-
sidered, e.g. two entangled photons, such a system
nevertheless comprises a single entity, to which the
concept of space and time is no longer applicable (see
below). This means that, for instance, the spin of two
entangled photons must be considered as a single
quantity; i.e. two independent photon spins do not
exist. In case the description by a single wave function
ceases to be valid (because of decoherence) (interac-
tion with the environment that destroys entanglement,
e.g. exchange of energy), the system loses its single
identity and separates into distinct parts, now capable
of interacting with each other.

12. Principle of organisation: The duality principle not
only requires dual energies but also demands a dual
to entropy, which is organisation. This principle is
at work everywhere and is enabled by energy. With
regard to matter, it is at work forming the entire
material hierarchy, combining primordial gluons and
quarks to elementary particles like the nucleons,
proton, and neutron. Nucleons are then assembled
into more and more complex atoms that in turn are
employed in the formation of molecules. Eventually,
organic molecules are built from carbon chemistry
and are finally assembled into polypeptides that are

amplitude zero at the position of the nucleus. Hence, the attraction
of the ¢ = 0 electron state is slightly more weakened than the ¢ = 1
electron state. As a consequence, the degeneracy of the energy states
with respect to orbital quantum number ¢ and spin quantum number
s has disappeared — measured as the Lamb shift.

The spin-orbital interaction gives corrections in the energy levels of
the H atom that only depend on quantum numbers n and j, but not on
¢ and s. The states 2s;, and 2p,, of the H atom both have total angu-
lar momentum j = 1/2. If g were exactly 2 as calculated from the Dirac
equation, then the z component of the electron magnetic moment p,
resulting from the spin angular momentum j = s = 1/2, of state 2s,;
would be the same as for the addition of fand sto j = £+ s = 1/2, of
state 2p; ;.



406 —— ). HauserandW. Dréscher: Gravity Beyond Einstein?

at the foundation of life itself. The next step in this
chain is the formation of biological cells, already at
a mass of about two nanograms, comprising millions
of proteins, which are the basis of all living struc-
tures, which distinguish themselves by ever increasing
organisation levels. Although energy is necessary in
the formation of complex structures, it is the organi-
sation principle that governs and directs the evolution
of most complex biological structures, clearly demon-
strating the existence of Aristotle’s ancient concept of
entelecheia,'® that is, demonstrating that this uni-
verse has a clear objective, namely, providing the
basis for life. Life is not a process that started acci-
dentally; that is, life is not the result of a trial and
error process. The complexity of the human body is so
enormous that it is totally impossible to build such a
structure by pure chance, hence the entelechial and
aeonic dimensions. The associated probability is zero;
therefore, the definition given by NASA that “life is an
autonomous chemical system that is capable to follow
Darwinian evolution” is far too limited and provides
zero chance for life to exist. The picture portrayed by
the late B. Heim [31], who stated that the process of
life proceeds in phase transitions, i.e. abrupt changes
(steered by the internal entelechial dimension), fol-
lowed by a longer era of evolution (aeonic dimension),
appears to be more logical than the 19th-century Dar-
winian view that covers only a very limited section of
the entire cycle of life and thus arrives at insufficient
conclusions.

4.2 Cosmic Principles and No-Go Theorems

Some of the most stringent physical consequences of
the cosmic principles shall be outlined below. It will be
shown that several essential physical concepts pursued
for decades are no longer tenable within the framework of
these fundamental principles.

A number of these constraints have been formulated
in the form of no-go theorems to emphasise the limits on
the physical features of the universe imposed. The cosmic
principles impose severe and unforeseen, but far-reaching
restrictions on any theory [9].

1. No-Go Theorem: Geometrisation of Physics: The
geometrisation of physics as pursued by Einstein,

18 In Greek, entelecheia stands for an objective or a completion, a
concept introduced by Aristotle in his work The Physics. Aristotle
assumed that each phenomenon in nature contained an intrinsic
objective, governing the actualisation of a form-giving cause.
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Schrédinger, Wheeler, and, most recently, in the form
of superstring theory is not compatible with the prin-
ciple of duality (see below) and thus cannot succeed
regardless of the level of mathematical sophistication.

2. No-Go Theorem: Unification of Physical Interac-
tions: The duality principle excludes the complete uni-
fication of all physical interactions. In particular, it does
exclude the conversion of fermions into bosons and vice
versa via some kind of supercharge. Without any fur-
ther mathematical investigation, the duality principleis
ruling out any unification by the so-called supertheo-
ries. That said, duality must be a global symmetry that
remains unbroken. So far, no deviation from this rule
has been observed. This feature seems to be inherent to
all physical phenomena.*®
With respect to unification, Maxwell’s theory of elec-
tromagnetism was unified with the weak interaction. It
should be possible to unify the strong force with gravity,
which means hypercomplex gravity, but not with Ein-
stein’s GR, which rests on the curvature of the space lat-
tice and not on mediator bosons. However, it should not
be possible to further unify all four interactions. This
may be one of the rare occasions where A. Einstein’s
intuition turned out not to be correct. However, as sur-
mised by Faraday and Einstein, an interaction between
electromagnetism and gravity may be possible, provid-
ing the cause for the postulated hypercomplex-gravity
field. However, such a field is not part of GR and exists
as a second, independent type of gravity.

3. No-Go Theorem: No Majorana Fermions in Nature:
It is interesting that, according to the principle of
duality, Majorana spinors should not exist. These
fermions should annihilate each other as they are their
own antiparticles. Also, according to the Feynman-
Stueckelberg interpretation, antiparticles go backward
in time, and thus, a Majorana neutrino must both go for-
ward and backward in time. As there is no known phys-
ical mechanism for a neutrino to select the direction of
time, this is considered a dubious behaviour. Hence, the
ongoing GERDA experiment [44] should not succeed in
finding any Majorana neutrinos.

4. No-Go Theorem: No Big Bang: The fact that the energy
of the universe Ey = 0 at all times excludes the occur-
rence of a Big Bang event. Energy is globally conserved
at all times. Additionally, singularities do not exist
in physics. Instead, the initial formation of the space

19 It is interesting to note that the renowned physicist A. Zee has
announced a book, to be published in 2020 (see Amazon), entitled
Can the Laws of Physics Be Unified? The answer is a resounding no.



DE GRUYTER

lattice starts when two metrons are created by quantum
fluctuations (Quantised Bang), and their spin interac-
tion produces the first DE particle (owing to energy con-
servation). This is a self-accelerating process that finally
comes to a halt when DE is converted into matter.

5. No-Go Theorem: No Infinite Universe: The fact that
there are no infinities in physics means that the exis-
tence time for the universe is finite. Thus, there is the
requirement that the current expansion era will have
to come to an end, and a turning point in the cos-
mic motion will be reached, followed by an epoch of
contraction.

6. No-Go Theorem: No Open Universe: For the very same
reason the universe cannot be open, it must be closed or
cyclic.

7. No-Go Theorem: No Wormholes: Wormholes cannot
exist in the cosmos, because nature does not allow
for singularities. Wormholes are admissible mathemat-
ical solutions of Einstein’s field equations but are not
realised by nature. They are simply an expression of the
infinite mathematical continuity of the equations that
become invalid when the length scale considered is of
the same order of magnitude as the grid spacing of the
spacetime lattice, and the equations break down.

8. No-Go Theorem: Feynman Diagrams: Suppression of
virtual particles, that is, in a physical process there is
only a finite number of particles that are off-shelf, i.e.
pi # mc?. Instead of equations, Feynman used dia-
grams to account for all probability amplitudes that
can occur in a scattering process, for instance, in the
scattering of two electrons. In the formulation of quan-
tum electrodynamics (QED), comprising the equations
of Maxwell and Dirac that are both linear hyperbolic
partial differential equations, a mathematical solution
is obtained utilising Green’s functions in combination
with an iterative procedure. Mathematically, such a
scheme generates an infinite number of terms, but
nature will stop the generation of an infinite number of
virtual particles by virtual particles as required by Feyn-
man diagrams, etc., once a certain nesting depth of the
loops has been reached (far above the Planck length).

9. No-Interaction Theorem: Single Entity Physical
System: Interactions within any physical system will
cease if the information that permits to identify at least
two distinguishable parts in this system is destroyed
by changing the governing physical parameters, e.g.
lowering the temperature (see above, the principle of
non-self-interaction). A many-particle system (two or
more) can no longer interact if being reduced to a sin-
gle particle system. Thus, there is a major difference
between leptons and hadrons. It should be noted that
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the concept of single entity system depends on the type
of interaction. Two entangled photons form a single
entity system with respect to their spin. A single entity
system responds as a whole, which means that if a phys-
ical field were involved, retardation effects do not exist
anymore. For instance, the electrodynamic potential A
is no longer retarded by the time |x — x|/ c required for
a light wave to propagate from point x to x’, i.e. con-
cepts of time, distance, and propagation speed are not
applicable to single entity systems. Thus, such a system
is no longer subject to Einstein’s theory of SR. It is most
remarkable that nature has realised such single entity
systems.

These relatively simple fundamental principles, neverthe-
less, have produced far-reaching and surprising conse-
quences for physical theories in general and also for the
type and topology of admissible universes as will be dis-
cussed in greater detail in the next section.

4.3 Cosmic Principles and Gravitation

In particular, the field equations of GR may be directly
deduced from the duality principle in conjunction with the
assumptions that the total energy of the universe Ey(t) =
0 at all times, conserving total energy.

In the following, several additional physical con-
straints resulting from the fundamental principles are elu-
cidated.

In 1948, Feynman published a third formulation of
quantum mechanics based on the concept of the propa-
gator D (or K). His approach has the great advantage that
the interaction of two particles (calculating the scattering
cross section) can be pictorially described by an infinite
set of diagrams (attributed to an infinite series obtained
by an iteration process) that became known as Feynman
diagrams (a modern discussion, for instance, is given by A.
Zee [45]). Nothing can be said about the convergence of this
infinite series in general, nor should it be taken for granted
that each term in the series does have a physical meaning.
As it turns out, the recent works of Z. Bern [46, 47] and
A. Zee, Part. N in [45], show that this is actually not the
case!

In certain physical situations, the principle of finite
phenomena may be at odds with the general picture
of Feynman diagrams, because these diagrams rely on
the generation of an infinite number of virtual particles,
e.g. coming from loops within loops, etc. Although it is
claimed that Feynman’s approach has led to the most
accurate computation in physics, viz. the calculation of
the magnetic moment p. of the electron, this picture may
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be incorrect in certain situations. There are numerous
physical situations — as was clearly revealed recently by
Z. Bern and others — where his approach is a complete
failure and leads to divergent integrals for the probabil-
ity amplitude. In particular, this is true in the process
of the quantisation of linearised gravity assuming a flat
background Minkowski metric

Suv = Muv + My,
where hy,, describes the (small) deviation from the chosen
background metric. This approach is fully divergent, and
the problem seems to lie in the accumulation of an infinite
set of (physically nonexisting) Feynman diagrams produc-
ing (nonexistent) off-shelf or virtual particles (on-shelf in
this context denotes real physical particles of the SM).

A similar problem occurs in the calculation of the clas-
sical multipole radiation of order ¢ for which the average
radiation power P, (averaged over the surface of a sphere),
valid for both magnetic and electric multipole radiation, is
given by the expression

Py~ k2€+2

with kro < ¢, where k is the wave number and ry denotes
the linear dimension of the radiator, e.g. an electron oscil-
lating in an electromagnetic field of an atom. As there is
no mathematical limit for ¢, this expression would lead to
Py — oo for £ — oo. In electrodynamics, this is not con-
sidered a problem, because, e.g. for light one can choose
k=10" m 'and ry = 107'° m for an atom. Hence, elec-
tric quadrupole radiation (¢ = 2, so-called forbidden spec-
tral lines in atoms, but observed in the interstellar gas) is
suppressed by the factor (kro)? x 4 x 10~* =4 x 1078
compared to dipole radiation (¢ = 1). On the other hand,
if an electron radius ro = 102 m (LHC limit) is assumed
and ¢ = 10°%, then k = 10®* m! is an admissible value
and results in the factor

6
k2€+2 ~ 1024><2><10

>

which obviously is a nonphysical value for the multipole
radiation power P,. Of course, such a value has never been
observed, and it is physically totally meaningless, because
the linear dimensions of the radiators have to be taken into
account. In general, if these dimensions are not too large,
only a few multipole fields are needed that are orthog-
onal to the prevailing dipole fields. It can be expected
that something similar holds true for Feynman diagrams.
The mathematical solutions of the spherical wave equa-
tion, according to which any electromagnetic field can be
expanded, form an infinite series. However, only a few
terms of this series are utilised by nature because of the
inherent length scale limit for the radiators. Hence, nature
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does not produce any divergences, but the mathematical
solution does, for it knows nothing about limits of k or rg,
nor /. In Feynman diagrams, it can be expected that the
generation of virtual particles by virtual particles that were
generated by virtual particles and so on is suppressed in a
similar way.

The principle of distinguishability means that only
distinguishable physical systems can physically interact;
e.g. only two particles that can be distinguished by exper-
imental means can physically interact. This question is
not as innocent as it may sound because the particles
must be close enough together so that their probability
density amplitudes overlap significantly — whatever that
may mean in practice. An important consequence of this
principle is that as soon as the wave functions of indi-
vidual particles can no longer be separated, they form a
single physical system, and the concept of locality is no
longer applicable. Einstein’s SR is not valid for such a sys-
tem. Consequently, physical interactions should diminish
depending upon the extent of the overlap and eventually
disappear. Particles must be identifiable (information con-
tent) as independent physical systems in order to be able
to interact with each other.

A single physical system cannot interact with itself.
For instance, this may be exemplified regarding the elec-
tron. It is incorrect to consider an electron as an entity
comprising two separate parts, namely, a particle and a
field at the same time. This means that formulating the
electron Hamiltonian dynamics via the classical action
describing two features — the action function for a free par-
ticle of rest mass mc? and a second action resulting from
the charge g of the electron and its own field given by the
four-vector A(x) — necessarily leads to a contradiction. In
order to describe this particle-field system, the action of
the free electromagnetic field, specified by the field ten-
sor Fy,, must also be added. The total action S can be
regarded as a functional of the variables x, and the field
components Ay. The field components are determined
from the charge g of the moving electron acting as the
source (RHS)j, in the d’Alembert equation for the A;. How-
ever, the equations of motion resulting from this formula-
tion are nonphysical because the motion of the electron
is self-accelerated, producing an infinite self-acceleration
over time. Although mathematical techniques in QED have
been devised to avoid this kind of trouble, the problem is
with the nonphysical and logically contradictory assump-
tion that a physical system, which is to be understood as a
single entity, does interact with itself. It should be remem-
bered that in quantum mechanics either the particle or
the field picture is applicable, but not both at the same
time. Hence, in the case of the electron, the formulation
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of the action S utilising three different terms is physi-
cally incorrect. Born and Infeld have tried to remedy this
problem by adding nonlinear terms to the Lagrangian,
but this comes at a cost of, for instance, a charge density
p~r B,

By contrast, if the spatial extent of the wave functions
of two physical systems is increased by changing exter-
nal physical parameters so that their wave functions over-
lap (e.g. by lowering the temperature), and finally only a
single indistinguishable system remains, then this result-
ing single entity no longer exhibits any physical interac-
tion. Such a system is a single system, and no informa-
tion is available to identify two different parts incapable
of physically interacting with itself.

This may lead to dramatic consequences that should
be experimentally observable. The Compton or de Broglie)
wavelength of a particle is given by 1) < Ae and A =
h/mc. Two particles are distinguishable if their spatial
distance (separation) d > Ap. The de Broglie wavelength
Ap strongly depends on temperature T. Hence, a physical
system may become indistinguishable with lower temper-
ature. This fact will be exploited in an attempt to explain
the systematically different values measured of Newton’s
constant Gy that will be dealt with in Part III. One class
of experiments is performed at room temperature utilis-
ing torsion balances, whereas a second class of experi-
ments uses ultracold ¥ Rb rubidium atoms (atomic num-
ber 37) at 1.8 mK. A further important consequence of the
non-self-interaction principle may be the suppression of
the generation of virtual particles in Feynman diagrams.

Physics without strings is roughly analogous to mathematics
without complex numbers.

Edward Witten, October 1998, on the importance of number sys-
tems in physics [48]:

If supersymmetry plays the role in physics that we suspect it does,
then it is very likely to be discovered by the Large Hadron Collider
(LHC), or its upgrades, at CERN in Geneva, Switzerland.

Edward Witten [49], November 20, 2012

5 Cosmic Symmetry Group

In today’s physics, the concept of the physical field, char-
acterised by the associated symmetries that are described
by mathematical groups, is playing a central role. How-
ever, quantum physics requires that fields, considered to
be continuous manifolds, are to be quantised in order to
produce the elementary particles that have been measured
for decades in generations of accelerators or detected
in astrophysical observations. There are numerous and
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diverse fields in physics describing all known physical
interactions and their respective particles.?°

5.1 Hermetry Forms

In the 1925 theory by Kaluza, it is necessary to con-
struct a 5 x 5 metric tensor gy, including the compo-
nents A = (A¥) of the electrodynamic potential in order
to unify gravitation and electrodynamics (although this
was later proved to be incorrect by Jordan in 1949, see
Part I). That is, at each point in spacetime, a circle is
attached (i.e. the fourth space dimension is curled up and
thus is not directly visible) but is considered a real space
dimension. In string theory, six (or more) curled-up space
dimensions are added that lead to a 10-dimensional metric
tensor aimed at describing gravitation, electrodynamics,
and strong and weak forces, as well as quarks and leptons
(matter). Such a metric is termed monometric. However, as
was shown in the previous section, this approach is not
supported by experiment.

The alternative physical model presented in this arti-
cle, termed extended Heim theory or EHT (not to be con-
fused with the theory of the late B. Heim, see our remark
in Part I), employs an internal gauge space of eight dimen-
sions, termed Heim space (H®) that gives rise to a poly-
metric tensor comprising a set of 15 (hence poly) metric
subtensors represented by 4 x 4 matrices. A metric sub-
tensor guv(He), £ =1,...,15 ([9] Chapter 5.2) is called a
hermetry form. The term Hy specifies the selection of inter-
nal coordinates &% out of which the specific hermetry form
is to be constructed. Hermetry is a combination of the two
Greek words hermeneutics and geometry, denoting metric
subtensors that have physical meaning, a term coined by
B. Heim. It should be noted, however, that hermetry forms
are obtained from the internal geometry of H® which is

20 Symmetries play an important role in modern physics. The energy
of a physical system is expressed by its Lagrangian L, which in clas-
sical physics is the difference between kinetic energy T and poten-
tial energy V, that is, L = T — V. The invariance (symmetry) of L
under transformations, for instance, a rotation in space, leads to
the conservation of angular momentum. Mathematically, rotations
are described by 3 x 3 matrices, denoted by R. These matrices form
a group, termed the special orthogonal group SO(3) (that is, det
R = +1), as for each rotation R the inverse rotation R~ exists, and
there is a so-called 1 element; i.e. nothing is rotated. It is to be noted
that the order of two rotations is not commutative. Energy conserva-
tion follows from the invariance under time translation, etc. However,
the equations of motion, i.e. the Euler equations resulting from such
a Lagrangian, do not have to reflect this symmetry. For instance, the
elliptic orbits of planets following from Newton’s theory are not even
invariant under rotation about an axis normal to the planetary orbit.
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the gauge space of EHT. Each hermetry form stands for a

family of particles or fields and by utilising the complete

set of hermetry forms a classification scheme for all phys-
ical interactions and particles. Hermetry forms are asso-
ciated with groups as discussed in Section 5.4 (see also

[9] Chapter 9.2 and [50, 51]). Employing the field of hyper-

complex numbers (known also as quaternions) results in

the so-called cosmic group 0(32, H) (see below). As one of
the major consequences of this group, a total of six grav-
itational bosons are predicted. The cosmological gravita-

tional fields as described by GR, Eg,, (static mass), and B,

(moving mass, analogous to electromagnetism) and their

interaction with matter as well as DE are (only formally)

characterised by three gravitational bosons. In addition,
the postulated interaction of electromagnetism and grav-
ity (based on the phenomenon of symmetry breaking) pre-
dicts the existence of extreme gravitomagnetic fields or
hypercomplex-gravity fields, which may be generated in
the laboratory, similar to the generation of magnetic fields.

Hence, the source of these fields is entirely different from

GR; that is, these fields cannot be due to the presence of

large static or moving masses.

The eight-dimensional gauge space H® is a fibre bun-
dle attached to each four-dimensional spacetime point
x (external space) and comprises four subspaces that
determine the associated symmetries and hence also the
group structure. Internal coordinates {%,a = 1,..., 8 are
used to construct the set of 15 internal metric tensors — in
analogy to GR. Hermetry forms describe physical proper-
ties of the respective particle families. According to EHT,
the set of hermetry forms is meant to account for the total
particle inventory of the cosmos. Obviously, this approach
is different from the so-called geometrisation of physics
that solely relies on spacetime geometry.

The four subspaces of H® are as follows:

1. R? with three internal coordinates ¢!, &2, &> describ-
ing matter (i.e. only those hermetry forms that con-
tain at least one of these coordinates describe material
particles),

2. T! with coordinate & for energy,

3. S? with the entelechial and aeonic dimensions, repre-
senting organisation, with coordinates & 5 '3 6, respec-
tively,

4. 1> with coordinates ¢7, &% that enable the exchange
of information among physical systems, expressed by
Szilard’s energy principle, (2).

The concept of Heim space with its subspace structure
is reflected in the mathematical group structure of EHT
as discussed in this section. In particular, the entelechial
dimension, {5, can be interpreted as a measure of the
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quality of time varying organisational structures (inverse
to entropy, e.g. formation of complex molecules or plant
growth), while the aeonic dimension, & 6 tends to steer
these structures towards a dynamically stable state (an
aeon denotes an indefinitely long yet finite period of time).
From these four subspaces, the 15 hermetry forms (metric
subtensors) are obtained, as outlined in detail in Section
5.20f [9].

This approach provides a relationship between geom-
etry and physics (in some ways as foreseen by Einstein),
but the major difference is that hermetry forms are liv-
ing in an internal gauge space and not in spacetime. The
geometrisation of physics, i.e. reducing physics to pure
external geometry as pursued by Einstein and Wheeler,
does not seem to be achievable.

As the universe cannot assume a static state (which
would be unstable), the current expansion of the uni-
verse eventually must reach a turning point, reversing its
current mode from expansion to contraction.

In the subsequent discussion, the concept of hermetry
forms is no longer needed, once the group structures have
been established for both spacetime and matter, which
follow from the subspace structure of H.

5.2 Extra Number Systems versus Extra
Space Dimensions

An extensive discussion was presented in Part I [2]
cf. figure 1 concerning the physical likelihood of extra
space dimensions. Substantial experimental evidence
recently derived from diverse areas includes the validity of
Newton’s law, the dipole moment of the electron, and, in
particular, the latest LHC results (2018) that did not find
any hint for the existence of these dimensions. On the con-
trary, based on these experimental data, it seems to be
more likely to conclude that extra dimensions do not exist.

With the advent of gravitational wave astronomy by
the LIGO and Virgo Scientific Collaboration, numerous
studies have been performed to detect signatures of
extra dimensions in gravitational waves, most recently by
Andriot and Gémez [52]. From a logical point of view, it is
clear that if these dimensions exist they must have some
kind of impact on the amplitude or frequency, etc., of the
observed gravitational wave pattern, and that should lead
to a deviation from the predictions of Einstein’s GR — at
least theoretically.

If these deviations existed, it appears implausible that
they would only manifest in a modified gravitational wave
pattern but not exhibit, for instance, in the form of a mod-
ified Newtonian law. Extra dimensions clearly must have
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an influence on the energy that goes in the higher dimen-
sions, and any energy leakage should be detectable at the
length scale of these higher dimensions as predicted by
Arkani-Hamed et al. [53] in 1998. However, as it is evi-
dent from Figure 2 (see lower figure, updated from Part I),
there is now firm experimental evidence that extra spa-
tial dimensions cannot exist. As a direct consequence, the
idea of SUSY appears no longer tenable, and an alterna-
tive concept has to replace it. In EHT, as was stressed in
Part I and also in this article, the novel concept of extra
systems of numbers is introduced, and as a result, physi-
cal entities may be described by groups utilising the field
of hypercomplex (or quaternionic, g € H) numbers. This
would also give additional meaning to the equation for the
Planck mass (4) that now can have mass values m € H. In
analogy to the concept of quark flavour, the novel concept
of mass flavour is introduced.

2 hc
= —, 4
mpy o (4)
For m € H, there are the following five solutions of (4),
namely
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where it is assumed that negative mass represents DM,
and hypercomplex masses i m, jm, k m may be generated
that belong to the category of virtual particles, which are
always created in pairs, e.g. +imand —im, etc. These par-
ticles may be produced during a reaction, acting as some
kind of catalyser, but owing to their ephemeral nature,
they are off-shelf.

The Planck satellite data revealed that 68.3 % of mat-
teris in the form of DE. Extended Heim theory describes DE
as the nonluminous precursor of matter and as such is not
contained in the elementary particle scheme. The 4.9 % of
OM (visible matter) residing in our de Sitter spacetime ds®3
is composed of positive mass m > 0, whereas the 26.8 %
of DM has negative mass m < 0 (fourth particle family,
Fig. 4) and is located in dual spacetime DdS"?, and thus,
these particles are not directly detectable by experiment.
Masses 19 are denoted as hypercomplex or quaternionic
masses (i.e. virtual particles that are predicted to be gen-
erated in the conversion process from electromagnetism
to hypercomplex gravity). Furthermore, if Higgs boson(s)
are composite particles [56], then hypercomplex particles
might play a role in providing the building blocks for Higgs
particles, similar to how quarks are confined in order to
constitute baryonic matter.

In 2005, P. Mannheim [57] published a comprehensive
review of conformal gravity, a proposed alternative theory
of gravitation to GR, in which he claimed that CG repro-
duces galactic star rotation curves without DM and DE,
also mimicking the observed accelerated expansion of the

Mass energy

> 0 € R, ordinary matter
< 0 € R, negative matter
m=<imecH, ibaseunite H (5)
jm e H, jbaseunit e H
km e H, kbaseunitc H
Electron —1|Muon -1|Tau el Upsilon
1/2 1/2 1/2
e u T
0.5110 MeV 105.7 MeV 1777 MeV |
|Electron 0{Muon 0|Tau 0 U
Neutrino 1/2|Neutrino 1/2|Neutrino VP Dark
Vv, Vv, \A
<0.28 eV <0.28 eV <0.28 eV

Figure 4: According to the group O(3, g € H)y that stands for the 15 particle families represented by hermetry forms, there are (see also
the discussion in Sections 2.1.4. and 5.2.4 [9]) four lepton families. The fourth particle, the x particle, the (long sought) dark matter (DM)
particle has a (negative) mass of some —80.7 GeV/c?, while the corresponding DM neutrino, the v, lepton has a mass of approximately
—3.2 eV/c2. The masses of these two particles are negative, owing to their hermetry forms. Particles with rest masses different from zero
must contain the coordinates of subspace R>. So-called degenerate hermetry forms, which have no cross terms between subspace R3,
while the other subspaces are present in this hermetry form, and are thus considered to represent particles of negative mass [54]. Further-
more, apart from particles of positive and negative masses, there should be a third type of particles that possess hypercomplex mass (see
text) like, for instance, the imaginary electron e;” and quark g,. Hypercomplex masses in form, for instance, of the imaginary proton, p;,
are assumed to play a central role in the enigma of the different neutron lifetimes, measured in the beam and bottle methods [55]. Their
hermetry forms are similar to the ones for the real electron or real quark, but subspace coordinates R? are missing. For this reason, those
particles are assumed to be virtual particles. The physical meaning of hermetry forms is further discussed in Section 5.2.4 [9].
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universe. As we now know, DM does exist as is revealed
from the collisions of galaxy clusters, e.g. bullet clus-
ter, see figures 9.18-9.20 in [58, 59] that clearly illustrate
the DM distribution, and these claims therefore must be
incorrect. Hence, CG cannot be a viable alternative to Ein-
stein’s GR.

5.3 Lagrangians, Symmetries, and Groups

The question naturally arises whether the cosmic prin-
ciples formulated in Section 4 can be quantified suffi-
ciently to provide the guidelines in constructing the math-
ematical groups representing the complete inventory of
the physical particles comprising all types of matter exist-
ing in the universe. Of course, one could select a group,
for instance, such as SU(5) or SO(10) (unification unitary
groups are needed to conserve probability density), and
based on the number of their generators (n> — 1) for the
SU(n) group and %n(n — 1) for the SO(n) group, one could
try to identify the proper particles. However, this approach
has been tried for decades and proved not to be success-
ful. A modified procedure will be presented below in an
attempt to describe the (complete) particle inventory of the
universe including the spacetime lattice itself. One of the
results of this approach is the prediction of the additional
hypercomplex-gravity fields, mediated by two additional
gravitational bosons of spin 1 and one spin 0 boson.

M. Faraday (1791-1867), one the most influential
experimental scientists in the field of electrodynamics in
the 19th century, was the first to introduce the concept
of electric field E and magnetic field B. The field concept
turned out to be instrumental in the formulation of electro-
dynamics by James Clerk Maxwell in 1864. Several decades
later in Einstein’s special and general theory of relativity,
Faraday’s field concept was extended to spacetime itself
(also termed the vacuum) that is described by the met-
ric tensor gyu(x). In special theory of relativity, one uses
x=0*) =(x%x%x) with x° =ct,x = (—x*, —x?, —x°) =
(=x, —y, —z) and signature (+, —, —, —). From the con-
stancy of the speed of light in vacuum c in all inertial sys-
tems, S follows Einstein’s famous equation E = mc®2 and
the invariance of the spacetime interval d* := (x — y)> =
(x° —¥%)? + (x — y)? under the so-called Lorentz transfor-
mations x — x = Ax + a, where A is areal 4 x 4 matrix,
and a is a four-dimensional translation vector. The laws
of nature are invariant under the noncompact Poincaré

21 Particles of rest mass m = 0 also carry energy and momentum.
From quantum mechanics, it is known that energy E = hw and
momentum p = hk. Utilising the relations w = 27v, ¢ = vA, |K| =

2
7” one obtains E = |p| c.
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group of transformations A, a. Today, physics is described
by various fields, ¢(x), and their symmetries.

To this end, the Lagrangian L = L(¢, 0, ¢) (this for-
mulation also holds for GR where the field is given by
the metric tensor gyv) is used to characterise the phenom-
ena of nature, where the variables of the Lagrangian are
the field ¢ and its first derivative 0, ¢ (to be considered
as two different calculus variables x and y). The optimi-
sation principle employed by nature is expressed by set-
ting the variation 6S = O with the action given by S =
[Ldt = [£Ld"x.This approach leads to the corresponding
equations of motion, named the Euler equations. There is,
however, a substantial variety of fields ¢, which may be
real or complex (charged) scalar fields (or pseudoscalar
with respect to the Lorentz transformation A) of spin 0,
which satisfy the Schrédinger (obtained from replacing
observables by operators, i.e. E — ih% and p — —ihV)
or Klein—Gordon equations, or the scalar field of the Higgs
boson. The well-known electrodynamics potential A* rep-
resents the photon of spin 1, whereas the metric tensor gy,
assumed to describe the hypothetical graviton, is of spin
2. The particles of matter, fermions, are represented by the
Dirac (Weyl) four-spinor ¥, and possess half-integer spin
(electron, etc. 1/2, 3/2).22

22 The Lagrangian densities [45, 60-62] for the most important inter-
actions are listed below. For a scalar field ¢, the Lagrangian is given

1
as Lg = E(amaw — m?c*¢?) with an equation of motion ((CJ +
mc?)¢ = 0, where the d’Alembertian operator is defined as (J :=

0 0
o*9, = — —, as equation of motion, termed the Proca equation
0Xy OxH

or Klein—-Gordon equation for a massive particle. The complex
Lagrangian Lc is written as L¢ = (0u¢o*¢)* — m?c*¢p¢*) and the
complex field ¢ := (¢p1 +i¢p2)/+/2 where ¢ and ¢p* are considered as
two independent functions. Hence, there are two Klein—-Gordon equa-
tions of motion, (0 + mc?)¢p = 0 and (0 + mc?)¢p* = 0, for the two
noncoupled fields. Of course the scalar field can be a n-component
complex scalar field of 2n noncoupled fields, thatis, ¢ = (¢, ..., Pn)
and Lc = 0¢'0¢p — V(¢p'¢p), where the symbol 1 denotes complex
conjugate and transpose (a row vector), and V denotes a poten-
tial. For the electromagnetic field Lpy = —%F,,UFF‘“ = - %(aUA,, —
0uA,)(0VA* — oM A®), where the minus sign ensures that like charges
repel. If one considers a massive vector field like the vector bosons
of the weak interaction, the Lagrange density is given by Ly =
7%(6VWF — 0 Wy)(0°WH — 0K W) + m?c* W, WH with the equation
of motion (O + m?c*)W* — 9"(0, WH), which results in 0, W* = 0.
In the SM, the Dirac field describes fermions, i.e. the 36 quarks and
12 leptons from which all material particles are derived. The four-
spinor (or bispinor because it contains both the particle and antipar-

ticle) ¥ = (1, Y2, Ps3, P4)!, whereas P’ = (‘Pik_ W3, ¥3, ;). The
Lagrangian density of QED is given by L gpp = Y(iy*Dy — mc2)yp —

ZF wF* where 1 := 1"y and y* are the four 4 x 4 gamma matrices
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This means that the physics is represented by a
collection of fields ¢ = ¢(x) that are parametrised by
points in four-dimensional spacetime x. However, there is
a subtle difference among the fields, because the space-
time manifold, described by the collection of points x, is
used to parametrise all other fields. In Part I [2], it was
shown that there is strong evidence from the ESA Integral
satellite measurements that spacetime may become dis-
crete at a length scale of about 107°° m only, many orders
of magnitude smaller than even the Planck length. The
mass scale associated with the heaviest known particle,
the top quark, ends at some 177 GeV/c? which corresponds
to a length of about 107 m. In other words, material
phenomena only see a spacetime continuum.

The most successful (and fully confirmed) theory of
physics, the SM of particle physics, is characterised by the
group SU:(3) ® SUw(2) ® U(1)em, where the indices stand
for the strong (colour), weak, and electromagnetic inter-
actions, respectively. These groups possess eight, three,
and one generators, and hence the number of mediator

(comprised combinations of the 2 x 2 Pauli matrices), while D, :=
Oy +1gAy is the so-called covariant derivative that contains the ener-
getic contribution of the fermion interaction with the electromagnetic
potential A,. The covariant derivative simply reflects the fact of GR,
namely, that any energy term must have an impact on the curva-
ture of the surrounding spacetime geometry. The Lagrangian can be
expressed in the more conventional form by explicitly stating the
energy term from current and vector potential L ggp = P(iy¥ Oy —

1
me2)P—jrA,— N FyyF*. The corresponding Dirac equation of motion

5}
is ih—allt} = [ca-(p— gA) + mc?B + qp |, where a = (a1, ay, a3)
are 4 x 4 matrices; a; = 0 o andf = ro with g, the2 x 2
g; 0 01

Pauli matrices; and I, the 2 x 2 unit matrix. The Dirac matrices are
defined as y° := fand y' := Ba;. In the same way the Lagrangian for
QCD can be written [63], which is similar to the Lagrangian of QED,
Lqgp, but one needs to account for the quark flavour g;, j = 1, ..., Ny
(where Ny = 3 in the SM) denotes the number of different quarks,
the quark masses m; (which are to be determined from experiment);
the strong coupling constant as (energy dependent, from experiment)
replaces the fine structure constant a. One needs to account for the
gluon fields, denoted Aﬂ , in analogy to the vector potential Ay of
QED. As there exist eight gluon fields in the SM, a = 1, ..., 8. In con-
trast to the photon vy, the gluons carry colour charge (not to be con-
founded with colour but similar to electric charge), and thus gluons
are interacting with each other, and therefore the gluon field vector
G4, = oA — 0,A% + iff ALAS is no longer commutative, and fg,
are termed the structure constants (real numbers) of the underlying
group SU¢(3). A gluon carries both a colour and an anticolour charge,
for instance, red and antiblue colour charges. If absorbed by a blue
quark, the blue and antiblue colours cancel, and a red quark occurs,

. . 1
Laco = X Gi(iy*op — me?)yY — jHA, — ZF’NFW'
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bosons (exchange particles of physical forces), require
that there exist eight gluons g (and eight antigluons g)
for the strong force, three vector bosons (W=, Z°) for the
weak interaction, and the photon y for the electromagnetic
force.

This theory is incomplete because gravity is not
accounted for, and it also requires a set of 26 free param-
eters (if neutrinos with rest mass are to be included),
which is not satisfactory. Furthermore, neither DM nor
DE, nor the Higgs boson(s) are included in this group. In
order to include the novel hypercomplex-gravity fields pro-
posed by EHT the group structure needs to be extended
further.

In contrast, SUSY exclusively describes gravity by a
spin 2 boson, termed the graviton v,, and other gravita-
tional fields are unknown (except for the nonexisting but
postulated gravitino of spin 3/2). Supersymmetry, first pro-
posed in the 1970s, is an extension of the group underlying
the SM and is one of the basic requirements of string the-
ory, which aims at unifying gravity with the elementary
particle forces. Supersymmetry tries to unify all material
particles (i.e. fermions) with the mediators of the physical
forces (bosons). This is not in accordance with the duality
principle and thus — at least under EHT - is not a pos-
sible symmetry. In other words, the principle of duality
does not permit SUSY. Therefore, the prediction of EHT
is that supersymmetric partners cannot be found in our
spacetime, and any attempt to produce these particles in
even the most powerful accelerators will be in vain. An
alternative must be sought.

The most widely known and highly developed theory
beyond the SM is superstring theory, whose early roots
date back to an accidental finding in 1968 by G. Veneziano
concerning the beta function. Force carriers (bosons) and
matter particles (fermions) are quantum fluctuations of
the relativistic string. The most impressive feature of
string theory is that it naturally predicts the existence
of a spin 2 boson (assuming such a boson exists at all)
as one of the quantum fluctuation modes of a heterotic
string. Identifying this boson with the graviton, super-
string theory unifies gravity with the three other elemen-
tary interactions. However, as was shown in the preceding
sections, there is substantial experimental evidence hold-
ing against this concept. As will be shown below, there
may exist extreme gravitomagnetic fields (hypercomplex-
gravity fields) resulting from an interaction of electromag-
netism and gravity (as predicted by EHT). Three additional
gravitational particles (SU(2)) are required for these fields,
namely, the spin 1 graviton Vg, the gravitophoton Vg, of
spin 1, and the spin O quintessence particle 94 (see the
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discussion on groups in Section 5.4).23 Hence, any further
experiments (see Part I) reporting on the generation of
these gravity-like fields (or hypercomplex-gravity fields)
would be further experimental evidence in contradiction
to string theory.

The novel idea chosen in EHT employs extra systems
of numbers instead of extra spatial dimensions. This idea
is a straightforward extension from the systems of num-
bers already used in physics, namely, the fields of real
numbers R and complex numbers C. The next system of
numbers are the hypercomplex numbers (or quaternions)
H, and thus in the next section, this field of numbers will
be used in conjunction with orthogonal groups.

It should be noted that there is a homomorphism
for hypercomplex groups O(n, q) = SO(2n) (a one-to-one
mapping between hypercomplex groups and rotations),
which results in a dynamical symmetry [61]. This means
that when the original group O(n, q) is broken, its rank n is
retained, independent of how the symmetry group is bro-
ken. Therefore, the number of Casimir operators C m, M =
1, ..., n?* of the original group remains invariant regard-
less of the symmetry breaking. That is, the number of
physical quantities (or quantum numbers characterising
the physical system) that can be simultaneously measured
does not change owing to symmetry breaking. As a result,
the system will have n good quantum numbers (conserved
physical quantities) that can be measured simultaneously
together with the energy. These observables characterise
the degeneracy of the energy eigenvalues of the system
and determine the dimension of the multiplet (the total
number of states that have almost the same energy eigen-
value or mass). For instance, group SU(3) has eight gen-
erators (Gell-Mann matrices A, ¢ = 1, ..., 8, where two
of the generators are commuting. A multiplet comprising
three quarks with total spin J = 1/2 and baryon number
B =1 (three quarks where two spins are antiparallel)?s

23 The three hypothetical gravitational bosons of GR are denoted,
in order to differentiate them from hypercomplex-gravity, by vg,,
the gravitophoton vgp, and the spin O quintessence particle vg
(Section 5.4). As the cosmological gravitational fields originate from
pure spacetime geometry, it is an open question whether these bosons
really exist in nature. On formal mathematical grounds, they are
described by group SU(2).

24 Casimir operators commute with each other and with all group
generators as well as the energy operator H, and thus their n eigen-
values can be simultaneously measured. For instance, the rank of
SU(3) is two, and the two operators isospin I3 and hypercharge ¥ can
be used to arrange baryons into multiplets, depending on their total
spin J.

25 The conserved baryonic chargeis B = 1for protons and neutrons,
and B = O for the electron that has the assigned leptonic charge

DE GRUYTER

characterises the energy of this state. Associated with this
degenerated energy value is a multiplet of eight parti-
cles (octet) as depicted in the plane formed by the pro-
jection of the isospin number I3 and the hypercharge
Y, the Y — I5 plane, comprising the following particles:
n,p, X, $0, 5,27, 21 and A, which is a singlet with
isospin number I = 0. ForJ = 3/2 and B = 1 (three quark
spins are parallel), where the baryon number B can be
—1,0, +1, the multiplet is a decouplet. For the group
SU(2), which is of rank 1, the number of multiplet states
for a given angular momentum J is 2] + 1.

5.4 Cosmic Symmetry Group from
Hypercomplex Numbers

If symmetry is the key to the cosmos, then this question
naturally arises: What is the group structure of our cos-
mos? Is there a group describing the entire cosmos, i.e.
both the stage (external spaces) and the actors (particles
and fields)?

In EHT the cosmic group has to contain both the de
Sitter spacetime dS''3 and dual spacetime DdS*>. In addi-
tion, all types of matter (fermions and bosons) as well
as the associated internal gauge space (H®) have to be
accounted for. The cosmic group thus stands for a spe-
cial symmetry between space and matter. The presentation
that follows serves to demonstrate certain aspects of the
nature of physical phenomena underlying the cosmos.

The cosmic group O¢(32, H), with g € H, where H
denotes the set of hypercomplex numbers (see the more
detailed discussion in Section 5.5.3 of [9]), is considered
the fundamental group for everything existing in the cos-
mos, i.e. both spacetime (stage) and matter (actors). How-
ever, the cosmic group should not be taken too literally asa
group as it is immediately broken into a sufficient number
of subgroups (32 = 2° allows to build a group hierarchy
with the sufficient number of subgroup levels) to arrive at
physics supported by the experimental facts. The anticom-
mutative algebra of hypercomplex numbers is employed
as it seems to reflect the fundamental symmetry structure
of nature. This includes (normal) gravitation in the form of
Einsteinian gravitation, which may be only one aspect of
the entire range of gravitational phenomena as well as the
existence of extreme gravitomagnetic (or hypercomplex)
fields.

L = 1, whereas L = 0 for nucleons. For baryons that do not contain
a strange quark s, one finds B = Y, where Y denotes the value of the
hypercharge. The electric charge of an elementary particle is given by
Q:=L+Y/2.
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Next, the symmetry of the cosmic group, O¢(32, H),
has to be split into two groups (duality principle) in order
to create the two separate entities of space and matter.
Therefore, it is immediately obvious that matter cannot be
solely derived from geometry. In the cosmic model of EHT,
DE and the spacetime lattice are generated simultaneously
owing to the duality principle (see above), and the total
energy Ey = 0 (see Chapter 9 of [9]).

However, if the cosmic group is to represent the overall
symmetry of the cosmos, a sequence of symmetry break-
ing processes is needed to produce the multitude of differ-
ent physical phenomena observed in the cosmos. To this
end, both spacetime and matter have to be initially cre-
ated. Hence, symmetry needs to be broken further in order
to obtain both the structure of matter, i.e. the families of
particles, in conjunction with DE from which all material
entities are derived and spacetime itself. Finally, a mecha-
nism for the dynamics of the cosmos, that is, the expansion
of spacetime (creation of motion), has to be provided.

This symmetry has to be broken if the cosmos is to
enfold. To this end, the group O.(32, H) is assumed to
have been broken down into

0¢(32,H) — 0s(16, H) ® Op(16, H), 6)

where subscript S, denotes any type of space, i.e. both
external and internal spaces, and M stands for all types
of matter (fermions and bosons), i.e. OM and nonordi-
nary matter (NOM). The cosmic group O¢(32, H) is thus
separated (by spontaneous symmetry breaking) into two
subgroups whose symmetries are at the roots of space-
time and matter. The cosmic group O¢(32, H) is the fun-
damental group for everything existing in the cosmos, i.e.
both spacetime (in a very general sense) and all types of
matter, including novel extreme gravitomagnetic fields or
hypercomplex fields.

The cosmos comprises both external and internal
space (duality principle). Therefore, for the description
of the cosmic group, we start with the notion of the
general space and its associated group Og(16, ), which
mathematically is assumed to describe all aspects of space
in the universe.

The following symmetry breaking should not be taken
literally, as the group Oy (16, H) will be used to describe
the symmetry of the 15 hermetry families plus hermetry
form 16 (see below). In order to proceed with an enfold-
ing physical cosmos, the symmetry of the space group
05(16, H) needs to be broken further in order to obtain the
structure of matter (i.e. the families of particles), as well as
spacetime itself, and to provide the means of an expanding
spacetime.
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Because of the duality principle (i.e. the existence of
both external and internal space), the symmetry of this
group is necessarily broken as

05(16’ H) - OeXt(89 H) ® OH(Sy H)y (7)

where group Oex¢(8, H) describes the symmetries of the
external space and Og (8, H) is the above-cited Heim group
(Section 4). The group Oex¢(8, H) itself is broken into two
groups denoted by

Oexl’(S’ H) i OC(4, H) ® OST(4’ H)’ (8)
where
Oc(4,H) — O(1,H) ® 0(1, H) ® 0(1, H) ® O(1, H) (9)

which represents a cosmos with spacetime, but without
matter. In EHT spacetime is a lattice of elemental surfaces
with spin. Its four generators stand for the two different
atoms of spacetime (exo-spin and endo-spin atoms, see
Fig. 5), which are distinguished by their orientation. The
other two generators constitute the two particles of the
semimaterial DE field, denoted by v, (attractive to matter
and repulsive for spacetime, positive energy density) and

Figure 5: Spacetime as a geometric entity is considered to com-
prise (discrete) elemental surfaces or metrons (a term coined by
the late B. Heim) that possess orientation; i.e. metrons are elemen-
tal surfaces with spin, either up or down, denoted by A.s where A
marks the size of the metron surface. The spacetime grid comprised
an extremely large number of metrons (definitely after inflation),
forming practically a continuum as compared to the length scales
involved in material processes and thus can be represented by a
manifold; i.e. GR becomes the valid description. In other words, the
spacetime lattice is a very rigid entity with regard to all energetic
processes of matter. Nevertheless, this lattice is supposed to have
started from a single metron. So long as the number of metrons is
small, their interaction energy (potential energy) can be described
by an Ising model, Es; = 71/21(T)E§‘l’.(t)5,- Sj, where 5; S; = +1for
parallel spinsand S; S; = —1for spins that are antiparallel. The
energy is minimal if all spins are parallel. For large metron numbers,
when the continuum picture holds, the Ising interaction energy
goes over into a (smooth) Landau-Ginzburg potential, as is known
from solid state theory.
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\)Z{e (repulsive to matter and attractive to spacetime, nega-
tive energy density) (for a more detailed discussion of the
Ising model and DE, see Section 9.7.2) [9].

Dark energy is considered the precursor of matter,
from which all material structures are ultimately derived.
This group was broken (using set theory) into four sub-
groups O(1, H), because in EHT only these four physical
entities exist. At this stage of the cosmic evolution, none
of the Higgs fields is present, i.e. group Oy(8, H) has not
yet been activated; therefore, neither matter (in any form)
nor inertia should exist.

From cosmological observations, it is known that
inside a galaxy an acceleration ap = 1.2 x 1071° m/s?
pointing towards the galactic centre must be obtained,
which seems to be a global value for all galaxies. If DE
is responsible for this acceleration, then the value of A
inside a galaxy must change, and Einstein’s cosmologi-
cal constant must be promoted to cosmological function
A(X, t). Obviously, this can only be caused by the presence
of the second field, the v;re DE field (possessing negative
energy density and contracting spacetime), whose inter-
action with visible matter inside the galaxy should lead
to a repulsive gravitational force, substantially reducing
the number of \)je particles inside a galaxy. The only dif-
ference between intergalactic space and the space inside
galaxies is the density of visible matter, whereby the den-
sity inside galaxies is about 10’ times larger. For the two
different types of DE there are two corresponding cos-
mological constants that, in accordance with Einstein’s
cosmological constant A, are denoted by A_ (labelled neg-
ative for it causes spacetime to expand but possesses posi-
tive energy density) and A (labelled positive for it causes
spacetime to contract but represents negative energy den-
sity). In general, there should be a complete symmetry
between A and A_, that is, Einstein’s cosmological con-
stant A should be zero — in a universe without matter.
Because of the (small) presence of matter in intergalac-
tic space, this symmetry is broken and A > O resulting in
the current era. As a consequence of the presence of large
amounts of visible matter inside galaxies (compared to
intergalactic space), the value of A is supposed to change
drastically.

In the present era, | A— |[>| A+ | (note that A_ > 0,
A+ < 0) because an expansion of spacetime is observed.
Note that the expansion or the arrow of time is similar
to symmetry breaking as a preferred direction exists on
the cosmic time scale and thus might be responsible for
special physical phenomena. Therefore, Einstein’s cosmo-
logical constant, given by A = A_ 4+ A4, should be a func-
tion of time, and in this epoch, the value is A = A(t) > 0.
The value of Einstein’s cosmological parameter currently
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is A ~ 107! 1/m?, which is deemed to be responsible
for spacetime expansion. It should be noted that for the
pressure of the vacuum (intergalactic space) the equation

p=—pr~—A

holds. That is, the current value of A exerts a negative
pressure and thus causes an expansion of the space-
time lattice (universe). No singularities should exist (one
of the fundamental principles of EHT); therefore, A(t)
will have to change sign owing to the expansion process
itself once the universe has reached a certain size. As the
energy density of repulsive (regarding spacetime) DE is
counted positive (A—, v ), visible matter and negative DE
attract each other. For attractive (regarding spacetime) DE
(A, v;re), the opposite effect occurs; that is, visible mat-
ter and positive DE repel each other. According to the EHT
particle classification scheme, the boson mediating that
force is termed quintessence particle, vg.

The two different particles of DE, each producing a
substantial gravitational interaction by itself, A_ (attrac-
tive to matter) and A4 (repulsive to matter), almost can-
cel each other in intergalactic space, and thus, the result-
ing A is extremely small. However, this does not mean
that the two DE particles vg,_ and vge, — V9, did com-
bine into a single, only slightly repulsive DE particle. If
this were the case, the MOND hypothesis could not be
explained (see below). A further important consequence
is that a postulated symmetry group SO(10) cannot be split
into SO(8) ® SO(2), whereas SO(2) is meant to describe DE.
As DE is assumed to be described by two different parti-
cles (otherwise, there is no polarisation effect possible),
this group cannot be correct as SO(2) has one generator
only. In addition, the concept of a 10-dimensional space in
which our four-dimensional spacetime is embedded is not
needed in GR, because curvature is an intrinsic feature of
spacetime. Moreover, the existence of a symmetry group
S0(10) following from the concept of a 10-dimensional
embedding space does not seem to be possible as such a
group is no longer tenable owing to recent ACME results
(see above). The Einstein value of A is valid in intergalac-
tic space only where matter density is very low, and any
polarisation effect owing to the presence of visible matter
can be neglected, but this quasi-equilibrium is changed
in the presence of visible matter, i.e. inside galaxies. Of
course, the volume of all galaxies in the cosmos com-
pared to the volume of the cosmos itself is negligible.
Thus, Einstein’s cosmological constant A is valid on the
cosmological scale, but not (locally) on the galactic scale.

It is postulated that A substantially changes inside
galaxies because of gravitational polarisation. This
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weakens the A value and thus causes an acceleration
towards the galactic centre. Moreover, A can also be
changed by the local presence of extreme gravitomagnetic
fields, and therefore, in general, A = A(X, t).

The effect of A4+ (contraction of spacetime) being
repulsive with regard to the visible matter inside a galaxy
(because of its negative energy density) is largely neu-
tralised inside a galaxy. Therefore, inside the galaxy, only
the attractive gravitational effect of A_ on OM remains.
Thereason why the A isneutralised inside a galaxyis due
to the fact that a galaxy contains a large amount of OM, i.e.
both visible matter inside the galaxy and DM (both visible
matter inside the galaxy and DM in the halo with about
80 % of the matter in the halo). The surplus of A_ cannot
cause an expansion of spacetime because this is prevented
by Newtonian gravitation of the visible mass inside the
galaxy.

In order to provide an estimate for the magnitude
of the MOND acceleration (here we consider only the
observed measurements), we are resorting to several
hand-waving arguments not meant to amount to a real
derivation. The acceleration due to the DE field is given by
the well-known equation

1, 2
a= §A cr

where r is the distance from the centre of the galaxy. It
is assumed that this equation is valid up to the finite dis-
tance Ry. Assuming that the polarisation effect generates
an opposite acceleration outside the galaxy (consider a
simplified universe filled with DE particles, v,, and v;e,
but which contains only a single galaxy), the MOND accel-
eration ag can be calculated as the acceleration averaged
over the entire universe (the radius of the galaxy being
negligible), and one obtains

Ry=cTy 2
1 1. 5 1 1, >R}
apg=——— =Ac’rdr=———=Ac"—
0 cTy 3 cTy 3 2
0
The numerical value is given by
1 21 , c
apg=—————Ry = ———
0 CTU 6 R%] v 6TU
= —1.15 x 10~ °m/s?, (10)

where the minus sign was chosen to indicate an acceler-
ation towards the galactic centre, Ry denotes the Hubble
radius, Ty = 13.82 x 10° years is the age of the universe,

and A(Ty) = Riz’ i.e. the amount of DE depends on the
U

age of the universe.
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There is presently a controversy about the validity of
MOND. The research group of S. Mc Gaugh on November 13,
2018, published an article [64] in which the MOND hypoth-
esis with ag = 1.15 x 10~ 1° cm/s? has been confirmed
contradicting the article by Rodrigues published on June
18, 2018, that arrived at the opposite result. In their reply to
McGaugh’s article [65-67], they upheld their conclusions
questioning the statistical approach by S. McGaugh et al.

This means that in the long run expansion needs
to slow down and a minimal value has to be assumed.
Perhaps at this point in time, quantum fluctuations can
reverse the sign of A(Ty), and contraction is initiated.

The coupling factor J in the Ising model (Fig. 5) gen-
erally depends on temperature T but may also depend on
position (i.e. on indices i, j, k). The number of the atoms
of space N(t) (sometimes also called spacetime atoms)
depends on time (i.e. on the diameter D(¢t) of the universe).
In the beginning phase of the evolution of the universe (as
soon as the concept of temperature T could be employed,
which is a macroscopic physical parameter), the interac-
tion energy becomes a function of T, and as T = T(t),
the interaction energy depends on the age of the universe
itself. It is assumed that there is a critical temperature T,
for which J(T) = 0 for T < T¢,. At this particular cosmic
time, ts, the expansion of the universe reaches its turning
point, and the production rate of DE goes to O (contrac-
tion will set in). Although the value of the critical temper-
ature T is not known, it appears to be logical to identify
temperature T with the temperature of the cosmic back-
ground radiation, currently at 2.7 K, which is regarded as
some kind of universal cosmic temperature. If this sym-
metry breaking is comparable to a Bose-Einstein conden-
sate, then at T¢y ~ 10> K symmetry breaking might set
in, allowing us to speculate on the lifetime of the present
universe. As was mentioned in the text, the grid spac-
ing As (excluding pathological metrons that are extremely
stretched; otherwise, one cannot use the concept of grid
spacing) of the space lattice may be much smaller than the
Planck length ¢p;, and thus, the sum of discrete spins may
be replaced by a continuous variable — a scalar bosonic
field ¢ as will be discussed in more detail in Part III,
see Section 9.72 in [9]. Hence, the application of Ein-
stein’s field equations to a universe that only contains
DE, being characterised by a cosmological parameter A =
A(T(t)), and its geometry would be justified at practically
all stages in the evolution of the universe, that is, after
inflation.

The group Osr(4, q), which is representing the actual
stage(s) for physical events, is broken into

Osr(4, q) — Osr(2, @) ® Os7(2, q), 1
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where one of the two Osr(2, ) subgroups represent the
dual spacetime DdS'> and the other one to group SO(1, 3)
(Minkowski spacetime dS%3). In this case, the no-go
Coleman—Mandula theorem (see M. Kaku [68]) does not
apply, as the parameters of the Lie group 0(2, q) are
hypercomplex numbers that are anticommutative. Our
(local) physical spacetime M* (Minkowski space) is char-
acterised by the symmetry group SO(1, 3) of the Lorentz
transformations (depending on the order of the coordi-
nates, here x° = ct, x! =x, x> =y, x> = z is used). It
is assumed that spaces dS*> and DdS'?), (the latter of
which is the location of negative DM) have the same spa-
tial coordinates (spatial entanglement and differ only in
the time coordinates ct and (ic )(—it) with ¢ =~ ¢ due to
spatial entanglement. Therefore, these two intertwined
(entangled) spaces can be considered to comprise a five-
dimensional de Sitter space dS*>, because the product
(ic)(—it) > 0. According to J. Malcadena [69, 70] (see also
S. Carroll [71]), a five-dimensional anti-de Sitter space
(AdS) (see A. Zee p. 662 [20]) with gravitation is equivalent
to a flat four-dimensional QFT without gravitation. Every-
thing that can happen physically in the five-dimensional
AdS with gravitation is exactly analogous to a theory in the
four-dimensional flat space without gravitation.

According to EHT, DM resides in dual space DdS'>>
and hence is principally unobservable in M i.e. only the
gravitational effect of DM is active in our spacetime.

The symmetries of matter and physical interactions
are governed by the Heim group. With respect to the Heim
group, Oy(8, q), one should remember that, as shown in
(11), it is broken into the four subspaces

Ou(8,9) — 0x(3,9) ® 0p(2,q)

® Oh,(z, CI) ® ON(lx CI) (12)

where for the moment only the symmetry group of the
hermetry forms Og(3, q) is considered. The 15 generators
of this group denote all possible particle families (not
individual particles), whereas the individual particles are
described by group 0(16, q), which consequently is bro-
ken into the two groups of fermions and bosons

where 0g(8, q) and Of(8, q) denote the well-known sym-
metry groups for the bosons and fermions, respectively.
In EHT, no supersymmetric particles exist. The physical
meaning of these groups was already specified by (12)
and (13). The two groups Oy, (2, q), O,_(2, q) with its 12
generators denote the set of 12 charges or Higgs fields
that are existing in physics; that is, there should be three
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Higgs bosons with masses m; = 126 GeV/c? and m, and
ms3, where m, and ms are supposed to be hypercomplex
masses that are deemed to be responsible for the exis-
tence of extreme gravitomagnetic (or hypercomplex) fields
that may have been measured by Tajmar and the pro-
posed Heim experiment, respectively. In addition, there
are organisational fields o1, 0, that are supposed to be the
cause for the emergence of higher organisational struc-
tures. This is an expression describing the capabilities
of nature to produce evolving organisational structures,
enabling elementary particles to eventually form com-
plex organic molecules. Furthermore, there are four quark
charges q1, 42, q3, q4 that lead to a total of 15 gluons.
Charges 11 and 12 are the two weak charges wq, w, (or
Isospin charges of fermions with values +1/2). At the end
of these three stages of symmetry breaking, four O(8, q)
groups are obtained, denoted by

0¢(32, 9) — Oext(8, q) ® Ox(8, q)

® 0g(8, q) ® Or(8, q) (14)

that are describing, respectively,

1. the stage(s) of the cosmos (the external spacetime
Oext(8, q)

2. as well as the associated internal Heim space Og(8, q)

3. and the organisation of matter by the hermetry forms
describing families of particles from which bosonic
0g(8, q) and

4. fermionic Ofp(8, q) particles should eventually be
obtained.

In the following, the meaning of the four O(8) subgroups
will be explained further. Group Oex(8, g) contains all
generators that stand for a cosmos without matter, which
means both the atoms of spacetime and the two DE parti-
cles. Consequently, this group is further broken down

OEX[(S’ CI) - OC(49 q) (29 OST(4, q)y

where the (primeval) subgroup O.(4, q) (with four gen-
erators, two of them for the atoms of spacetime, that is,
exospin and endospin atoms of space, and two generators
for the two particles of the DE). The subgroup structure
Os7(4, q) contains the generators for a generalised space-
time encompassing our spacetime, dS':3, (group SO(1, 3))
and a dual de Sitter space DdS1, 3 with imaginary speed
of light ic and imaginary time —it. Space DdS*? is sup-
posed to contain — the up to now in vain — the long-sought
DM in the form of negative mass (for details, see Chapter
9.2 of [9]).
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The Heim group Oy (8, q) provides all existing parti-
cles and fields. The symmetry of the Heim group is bro-
ken (according to our set theory algorithm) intoa 3, 2, 2, 1
subgroup structure

OH(Sa Q) - OH(3a q) ® OH(Za CI)

® 0x(2, 9) ® 0x(1, q). (15)

Here, we are interested in the group of hermetry forms
Ox(3, q) with its 15 generators that provide all families
of particles. In the next step, the individual particles of
these families and their mutual interactions are to be
established (i.e. groups Og(8, g) and Of(8, gq)). That is,
the groups 0p(8, q) ® Or(8, g) are meant to describe all
individual bosons and fermions.

In present physics, NOM does not exist. The eight her-
metry forms of the outer cube comprise the DM neutrino
vy and the DM particle y and the three gravitational bosons
V6, Vgp, Vg from hypercomplex gravity, as well as the imag-
inary quark g;, imaginary gluons g;, and the imaginary
photon y;. A hermetry form stands for a family of par-
ticles represented by its proper symmetry group. In this
regard, there is no single supergroup structure in physics
that contains all forces and particles. Instead, a hierarchy
of groups seems to exist.

It should be noted that in EHT gravitation is char-
acterised by a total of five gravitational constants
Gg, Gy, Gp, Ggp, G4 and six gravitational particles: three
for the cosmological gravitational fields (vg,, vgp, vg) and
three for the extreme gravitomagnetic fields (9, Vgp, V¢)
that appear in the interaction between electromagnetism
and gravity probably at cryogenic temperatures. Hence,
these three particles are sometimes referred to as cold
particles.

Newtonian gravitation, formulated in 1687, is sup-
posed to be mediated by the graviton vg,, which is
assumed to be a spin-2 tensor particle. Newton’s gravity
was reformulated by Einstein in 1915 (GR). The coupling
constant chosen by Einstein is Gy, but in EHT the value Gg
is used that differs very slightly from Gy by the value of G4
in order to account for the interaction between matter and
DE, causing spacetime to expand (in this respect, gravity
can be considered repulsive). Therefore, gravity seems to
have a multifaceted nature.

For the individual bosons, the group structure is given
by the subgroup structure

0g(8, q) — SUg(4) ® SUEM(2)®

SUw(2) @ SUG,(2) ® SUG(2) @ Uin(1),  (16)
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where the group Op(8, q) comprises all existing physical
field quanta. The subgroups SUg,(2) with three and
SU;(2) with three generators are containing the three
gravitational bosons of the cosmological gravitational
fields (Newtonian gravity) and the three gravitational
bosons representing the hypercomplex-gravity fields,
resulting from the conversion of electromagnetic into grav-
itational fields as described above (Fig. 6).

The group Of(8, q) represents both the fermions of OM
and NOM (negative and imaginary matter). The subgroup
structure for the individual fermions is given by

Or(8,q) — SU4(4) ® SUtq(2) ® SU.(2)
® SUW(2) ® SUnom(2) ® Ugm(1),

where SU,(4) stands for the 15 quarks of EHT, index tg
stands for top quark, and v indicates the three neutrinos
of the SM of particle physics. NOM is nonordinary matter,
which goes beyond the SM, namely, the (virtual) electron
of imaginary mass e; and the quark of imaginary mass
q;- In addition, there is a fourth family of leptons that has
negative mass, namely, the DM neutrino vy of mass m,, ~
—3.2 eV and the DM particle y of mass my = —80 GeV. It
should be noted that the masses of the forth family were
already published in November 2015 [9], 1 year before the
experimental results of the AMS spectrometer results were
released, measured on board the International Space Sta-
tion. The mass of the DM particle was finally published in
October 2016 [72]. The explanation of the physical mean-
ing of the other subgroups is discussed below.

For the definition of imaginary mass as used in [9]
(cf. Section 5.5.2), electrons of imaginary mass, e; , and
quarks of imaginary mass, q;, are assumed to result from
some kind of delayed symmetry breaking. Instead of spon-
taneous symmetry breaking, the existence of these vir-
tual particles of imaginary mass is postulated. They might
have been generated, for instance, in the cryogenic rotat-
ing Nb ring in the experiments by Tajmar et al. at low tem-
perature, and are not tachyons, because of their electro-
magnetic interaction. That is, particles of imaginary mass
should not possess gravitational mass but should be sub-
ject to inertia. This should result in an interaction between
electromagnetism and gravitation, which might explain
the extraordinary strength of the possibly observed grav-
itomagnetic fields by Tajmar et al. The two DM particles,
i.e. the fourth lepton vy, and the corresponding fourth
neutrino vg,, are considered to have negative masses
of —80.7 GeV/c? and —3.2 eV/c?, respectively (see also
Fig. 4). Neutrino oscillations are observed experimentally;
that is, the various types of neutrinos can change into
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Gravity SU(2) x SU(2)
Gravitons

VG, Vay

V> VIR, V1
Electrodynamics SU(2)
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Figure 6: The mandala of the physical forces according to EHT shows the four fundamental interactions, where the six gravitational bosons
(three for the cosmological gravitational fields resulting from Einstein’s theory of general relativity, and the other three representing the
postulated hypercomplex gravitational fields) are depicted in the upper half of the picture.

each other. However, DM particles are supposed to exist
in dual spacetime DdS'3, and therefore only their grav-
itational interaction with matter in our (de Sitter) space-
time dS*> can be observed, but not their speed. In other
words, DM is dark, because the particles do not exist in our
spacetime and hence cannot be directly measured.

After the Big Bang, the universe rapidly expanded from an incredi-
bly small region with dimensions of 10~ c¢m and an unthinkably
high energy density of 10°* g/cm? - this initial phase of the uni-
verse is known as the Planck aera. The Grand Unified Theories of
today suggest...

W. Greiner [73]
At the time of the Big Bang,
the universe was concentrated at one point.

E. Zeidler [74], p. 227

6 Cosmological Riddles

Recently, the concept of inflation was challenged by Stein-
hardt et al. [75]. However, as we will see in the following,

inflation appears to be vindicated by experimental data.
Nevertheless, Steinhardt is correct in criticising the mod-
els for the inflationary universe. First, as was shown in Part
I (e.g. by the recent work of Kramer and Wex), Einstein’s
GR is experimentally vindicated, and thus, all inflationary
models based on a modification of Einstein’s GR need to
be abandoned, including Steinhardt’s own model of 1989
(discussed extensively in Chapter 6 by N. Prakash [24]).
Instead, it seems that the concept of the Big Bang
itself needs to be questioned. In current cosmology, as
for instance summarised by the eminent theoretical physi-
cist W. Greiner in 2004,2¢ the present prevailing Big

26 There exist numerous similar statements concerning the origin of
the Big Bang. For instance, one can read in a textbook on modern
astrophysics: “...13.7 billion years ago, the universe borrowed energy
from the vacuum to create vast amounts of matter and antimatter....”
Not only is energy conservation violated in this process, but in addi-
tion the separate existence of a vacuum of highly specific properties
is assumed, while a not yet existing universe is borrowing energy. We
may also say “...and then a miracle occurs.”
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Bang picture for the evolution of the universe requires
the universe to originate from a quasi point-like, almost
infinitely dense and hot entity (singularity), coming out
of nowhere. Our sceptical view on the physical validity of
the present Big Bang scenario is supported in the recent
article of H. Traunmiiller of Stockholm University entitled
“Towards a More Well-Founded Cosmology” [76]. How-
ever, the existence of DM has been proved by observation
[59], a fact not cited in [76], which leads to incorrect conclu-
sions about both GR, an experimentally completely vindi-
cated theory, and DM. The Big Bang picture defies logic,
because no physical explanation can be provided that
explains how such an improbable initial physical state
may have been reached; neither does energy conservation
hold in the inception of the universe. Giving up on conser-
vation principles permits any kind of voodoo physics, for
instance, the long-sought perpetuum mobile, a device that
generates an infinite amount of energy from nothing.

The problem remains even if quantum physics is
utilised. According to quantum mechanical rules, the
universe cannot have started from a point but from
an extremely small region of about 10~2° m filled by
a so-called (unknown) inflation field, which was in a
metastable, highly energetic state possessing a negative
pressure. With respect to the (classical) Einstein field
equations, it was this negative pressure that was respon-
sible for the exponential inflation of spacetime. However,
this scenario is equally implausible and contrived as the
one described by W. Greiner et al.

Einstein’s equations are valid for a spacetime con-
tinuum in the form of a manifold, but not at the very
instant describing the origin of the universe. Obviously,
the universe must have evolved from a unique unthink-
ably universal state of perfect symmetry. Furthermore, one
assumes that matter is the result of a transition from the
initially existing true vacuum state with zero energy to
an energetically deeper state of the vacuum. The assump-
tion of such a false vacuum is not a real solution because
the question remains how such a symmetric false vacuum
could have been created. Energy has proven to be strictly
conserved throughout the cosmos, so how could the uni-
verse itself owe its very existence to a stark violation of this
fundamental physical principle? In other words, the Big
Bang appears as an unphysical event.

Clearly, this scenario is not in accordance with the
above stated fundamental principle of duality as will be
discussed below. Furthermore, in order to ensure energy
conservation and to follow the principle of optimisation,
the simplest assumption is to assume that the total energy
of the universe was, is, and will be zero, Ey = 0.
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Owing to the principle of quantum fluctuations in
conjunction with the idea for the existence of oriented
elemental surfaces (the so-called metron concept) as the
basic building blocks for the space lattice, the universe is
assumed to have been caused by an initial quantum fluc-
tuation producing the first metron; i.e. it was built from
nothing. This triggered a chain of events — governed by
the duality principle — that eventually led to the evolu-
tion of the cosmos as discussed in further detail in the
forthcoming Part III.

The cosmological principle is one of the cornerstones
of the SM of cosmology. It requires the distribution of
energy (including all kinds of matter) to be homogeneous
and isotropic in the universe on large-enough scales (sev-
eral hundred Mpc). The recently detected temperature
anisotropy of the cosmic microwave background (CMB)
radiation does not violate this principle because it should
not be considered as an exact symmetry, but rather a bro-
ken symmetry due to the generation of ordinary and DM
from photons (radiation). Photons are the first real mate-
rial constituents in the universe, resulting from the conver-
sion of DE and subsequently heating up the universe. The
conversion to photons signals that the inflation process is
coming to an end. The random generation and distribution
of matter in the evolving cosmos lead to growing spatial
anisotropy. Enhanced by Einstein’s gravitation over the
course of time, the radius of the universe should be slightly
fractal, depending on the direction of observation.

Observing an accelerated expansion of the cosmos
does not demonstrate that the cosmic principle is no
longer valid. However, as will be discussed in Section 7.3,
the observed nonuniform distribution of matter in the
universe that is creating an inhomogeneous spatial cur-
vature distribution secDark produces a backreaction that
might provide an alternative explanation to the standard
Friedmann-Lemaitre-Robertson—-Walker (FLRW) model
of fixed spatial curvatures and thus might replace the
accelerated expansion hypothesis. The timescape models
go even further and claim that DE is not needed, which is
in conflict with CDT simulations (see below). Also, in EHT,
DE and the spacetime lattice develop at the same time, and
matter is the result of DE. So long as only DE and the space-
time lattice exist, isotropy is a global symmetry that should
be correctly described by the FLRW metric. In other words,
the onset of radiation, i.e. the formation of photons from
DE, marks the end of the inflationary phase, and spatial
isotropy (symmetry) is slightly broken.

One may further argue that the arrangement of galax-
ies along so-called filaments (see Section 7.2) that form
some type of cosmic web (large-scale structures extending
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across distances of several billion light-years) is a sign that
this principle is no longer valid.

The latest Planck data on the mass distribution in the
universe gauge the composition of DE, DM, and visible
matter (baryonic matter) at 68.3 %, 26.8 %, and 4.9 %,
respectively. It becomes clear that so long as DE is assumed
to be homogeneously and isotropically distributed, the
irregular distribution of dark and baryonic matter in the
form of galaxies and clusters of galaxies only locally
affects the spatial curvature of the FRLW topology and
does not have a global effect. Hence, the cosmological
principle should remain approximately valid, but not as
an exact symmetry, a situation well-known from particle
physics.

In EHT, the concept of a Quantised Bang replaces the
Big Bang, as will be discussed in the subsequent sections.

7 Novel Physical Concepts for
Cosmology

The ensuing discussion rests on the assumption that the
creation of the universe is foremost based on the principle
of duality. Duality is at the very root of the existence of both
space and time as well as the concept of relativity. Duality
requires finiteness of all physical entities and processes.
The cosmos does not contain anything infinite. Without
duality, none of the (finite) building blocks that comprise
the cosmos could exist. Any observation of a planet in the
sky requires that this object exists relative in 3D space and
time with respect to the observer.
The duality principle has a major implication on the
primordial event that caused the cosmos to come into
being. From the very first instant, two physical phenom-
ena must have been present. A hot Big Bang as currently
proposed by the SM of cosmology does not seem to be
compatible with the duality principle (Chapter 9 of [9]).
Instead, the creation of the universe seems to be based on
the simultaneous generation of
1. Spacetime (in the form of an active stage, providing
structure and information, motion) and

2. Dark energy (primordial substance). The validity of
Einstein’s famous equation is instrumental because it
allows the freezing of energy into matter. According to
the optimisation principle (Hamilton’s principle), the
total energy of the universe was, is, and will remain
zero, governing the conservation of energy.

The sum of the negative energy (space lattice) and positive
energy (DE) needs to add up to zero. The duality principle,
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along with the existence of quantum fluctuations (uncer-
tainty principle), requires the total cosmic energy to be
zero. Additionally, under EHT, DE is considered to be the
precursor of all types of matter (ordinary as well as DM) in
the cosmos (see also the discussion in Chapter 9 of [9]).

New symmetries are needed to account for additional
particles. Mathematics knows four different number sys-
tems that possess a division algebra, namely, the real num-
bers, R; the complex numbers, C; the hypercomplex num-
bers or quaternions, H; and the octonions, O (a more
comprehensive discussion is given in Chapter 9.4 of [9]).
The basic idea for a further extension of physics is to
employ additional number systems beyond real and com-
plex numbers. For instance, the extension of physics can
be obtained by using the following sets of numbers: the
hypercomplex numbers H (three additional types of imag-
inary masses as there are now three imaginary roots of
—1) and octonions O (seven additional types of imaginary
masses, since there are now seven imaginary roots of —1).

The physical consequences of quaternions and octo-
nions (complex quaternions) are not entirely clear yet, but
they are giving rise to new types of matter and may also
be related to organisational structures and (in a purely
speculative exercise) consciousness itself. For instance, if
hypercomplex numbers or octonions are used as the fun-
damental number system, different kinds of matter should
exist.

7.1 Speeds of Light and Gravitation

Gravitation, identified with the Newtonian force formu-
lated in 1687 and reformulated by A. Einstein in 1915 as the
general theory of relativity, is still a mysterious force. Grav-
itation is supposed to be mediated by the graviton, vg,,
a hypothetical spin-2 tensor particle according to mod-
ern quantum field theory. The force acting between two
masses (m1, my > 0)is characterised by the gravitational
coupling constant Gy (the index N stands for Newton),
which is the same in both Newtonian and Einsteinian grav-
itation. Recent measurements of Gy (there is no theory
to calculate its value) have shown strange deviations in
the results despite the accuracy of the measurement tech-
niques. So far, this problem remains unresolved [2]. It is
generally assumed that the speed of photons in vacuum
as obtained from Maxwell’s theory and the propagation
speed of gravitational waves as utilised in GR are the same,
namely, ¢ = 2.99792458 x 10® ms™ 1.

Calculations in Section 5.5.2 Non-Ordinary Matter in
[9] (and possibly also experiments) suggest that grav-
ity might have a more subtle structure. In EHT, gravity
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exhibits a multifaceted nature comprising three gravita-
tional constants: G, for hadrons, Ggp for leptons, and G4
for the interaction with DE (the vacuum field of space-
time) and the spacetime lattice (or, considered to be a
continuum, depending on spatial resolution).

This means that the Newtonian gravitational constant
should be a combination Gy = Gp + Ggp. To account for
the interaction of luminous matter with the vacuum field
(DE, characterised by Einstein’s cosmological constant A),
a further gravitational constant needs to be introduced.
It is termed Einstein’s gravitational constant, because it
plays a role only in GR, given by Gg = Gy + G4. Now New-
tonian and Einsteinian gravitations exhibit slightly dif-
ferent gravitational constants because in Newton’s theory
space and time have absolute character (static), whereas
in Einstein’s GR spacetime is a dynamical field generated
in combination with the DE field (duality principle).

As a result, because of the presence of

Gg = 4.35 x 1078 G,

owing to the existence of the DE field, a very small differ-
ence in the propagation speed of gravitational waves cg
and the speed of light in vacuum c could exist, given by
the relation

ce=(1+1.42x10" ¢,

However, when this relation was found, such a differ-
ence in propagation speed appeared to be far too small to
be measured, notwithstanding the fact that at that time
only indirect proof for the existence of gravitational waves
existed. In 1974, Hulse and Taylor discovered a binary star
system comprising a pulsar and a neutron star (a pul-
sar is a radiating neutron star, diameter about 10 km),
termed PSR B1913+16 pulsar, orbiting their common cen-
tre of mass. The emanation of gravitational radiation was
concluded by the rate of decrease of the orbital period
at 76.5u s per year in precise agreement with the loss of
energy of 7.35 x 10%* W due to gravitational radiation as
required by GR.

Nevertheless, according to EHT, gravitational waves
should propagate slightly faster than electromagnetic
waves. This effect is extremely small and can be seen only
on Earth if there are detectors for gravitational wave sig-
nals and for measuring photons from a source several
hundred million light-years away, that is, far outside the
Milky Way galaxy. In addition, it must be possible to unam-
biguously associate gravitational waves and photons with
such a source. Gravitational waves generated from collid-
ing black holes or neutron stars should arrive somewhat
earlier than the corresponding photons.

J. Hauser and W. Dréscher: Gravity Beyond Einstein? = 423

In his series of three lectures on string theory from Jan-
uary 29 to 31, 2007, at CERN, B. Zwiebach of Massachusetts
Institute of Technology (MIT) predicted that the gravita-
tional effects of strings by forming cusps and kinks propa-
gating on string loops are expected to produce powerful
bursts of gravitational waves to be observable by LIGO.
Waves may even have values as small as Gy u = 10~ 13,
where Gy is Newton’s constant, and u denotes the mass
per unit length and Gy ~ M;” for i = ¢ = 1. The LIGO,
Wilkinson microwave anisotropy probe (WMAP), and COs-
mic Background Explorer (COBE) data have checked an
enormous parameter space, especially the Advanced LIGO
data from 2015-2016 for both stochastic and burst mea-
surements, and comprehensive results were eventually
published in May 2018 [77]. Not the slightest signal has
been detected (cf. fig. 2 in [77]). It now seems to be jus-
tified to conclude that cosmic strings do not have phys-
ical reality. It is a sobering fact that measurable predic-
tions issued by string theory over the years all have been
invalidated by experimental data as soon as experimental
techniques became sophisticated enough to overcome the
substantial experimental thresholds posed by string the-
ory predictions. Originally cosmic strings were proposed
as the main source for cosmic density fluctuations, but
this would require a value of Gy u ~ 10~>-°. This assump-
tion was already ruled out by the COBE Satellite data.
Density fluctuations are now thought to be the result of
quantum fluctuations during the inflationary period. In
later years, WMAP data reduced this value further below

Gu< 1077, lower than the value calculated from GUT,
£\ 2

which is given by Gy u = (rﬂr/ll = 107°, where M* is
Pl

the string mass, that, if it were to result from a GUT,
would be M* =~ 103 Mp,. Both the COBE and WMAP data
delivered the unequivocal experimental message that GUT
theories may not exist in physics.

Only a few years ago, such a scenario would have
been impossible to measure, but with LIGO (the detection
of gravitational waves by laser interferometry was con-
ceived in the 1990s, but the first measurement took place
in 2017), cosmology has entered the age of gravitational
wave detection. In October 2017, double-messenger wave
astronomy has been established [58] with the simultane-
ous observation of gravitational waves from a binary neu-
tron star merger and the photons emitted by gamma ray
burst GRB170817A. These observations led to a constraint
of the speed of gravitational waves given by the inequality

| colc—11< 4.5 x 1076,

which is almost the same numerical value as calculated
from the above equation. This constraint also rules out
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most of the alternative tensor-scalar theories of GR. As was
already shown on p. 363 in [9], the results of M. Kramer
and N. Wex do not seem to leave any room for measurable
deviations from Einstein’s GR.

The value for the speed of gravitational waves from
EHT, cg, is given by the equation

ce=(1+1.424 x 107 %) c.

Because the gravitational waves and photon signals
from the merging neutron stars arrived from a source 130
million light-years away, the path length difference of the
two signals should be

ds = (cg — ) ts = 1.424 x 10 *® c tg,

where ts denotes the signal travel time. As the measured
distance in the arrival time for the two signals is At = 1.7
s, one calculates

At =1.424 x 1070 tg = 1.424 x 4.1 ~ 5.7s,

where ts was converted into seconds. It should be noted
that neither the expansion of the universe nor curvature
was considered in the simple calculation for ds. Compared
to the measured value of 1.7 s, the agreement with the cal-
culated time difference of 5.7 s appears reasonable, but it
must be mentioned that according to EHT the gravitational
wave should have arrived first. The effect of the DE field
is very subtle, but definitely visible. It remains to be seen
whether this interpretation can stand the test of time as
there is no doubt that further binary systems of black holes
and neutron stars will be found in the near future. The pre-
diction is that there should be small differences in arrival
times for gravitational waves and photons; i.e. the gravita-
tional wave should always be slightly ahead of the photon
signal. If this were the case, it would be a hint that novel
physics may have been found.

7.2 Big Bang Scenario Questioned

As we have argued in [2], there is now substantial experi-
mental evidence against the existence of real extra dimen-
sions, questioning the validity of these Grand Unified The-
ories and their accompanying supersymmetric particles.
As a consequence, the concept of a hot Big Bang should
also be regarded critically. Cosmic inflation, that is, the
exponential expansion of the spatial dimension of the ini-
tial universe by a scale factor of about 10** between the
time period of 10° s and 103* s, is supported by the
observed homogeneity of the CMB radiation. Otherwise,
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any two photons located at two opposite points as seen

from Earth and separated by a distance larger than 1/2 ¢ Ty

(Ty denotes the age of the universe) would not have had

time to interact. Hence, without causal contact, the homo-

geneous distribution of the CMB radiation must be consid-
ered a purely random phenomenon — with practically zero
probability to occur.

1. According to the fundamental principles laid out in
Section 4.1, there are no singularities in physics. In
other words, according to the Big Bang, the origin of
the physical universe would be due to a nonphysical
event.

2. Energy conservation would be maximally violated by
a Big Bang, whereas there is no known physical pro-
cess that does not respect the principle of the con-
servation of energy. While theoretically conceivable,
this would run counter to all prevailing experience and
experiment.

3. According to the arguments of R. Penrose [43], the
probability for this to happen is virtually zero, pp.
726-732 and Chapter 1 of [78].

4, Moreover, the recent H.E.S.S. (High Energy
Stereoscopic System) measurements [79], an array of
ground-based Cherenkov telescopes, are clearly in
contradiction to a Big Bang because none of the Big
Bang predicted WIMPs could be detected. In physics,
a theory is wrong if there exists a single experiment
that is in conflict with it. Although the failure of the
H.E.S.S. collaboration to see any WIMPs (as postu-
lated by SUSY theories) should not (yet) be considered
fully conclusive, it renders the Big Bang concept highly
questionable and justifies the search for alternatives
that are in better agreement with commonly accepted
physical principles.

5. These measurements are independently corroborated
by most recent data from the XENON Collaboration
(November 2017) [80] obtained by the XENONIT exper-
iment that has been and is searching for the nonrel-
ativistic nonbaryonic component of the A cold DM
model (A CDM) using underground detectors located
deep inside the Gran Sasso massif. WIMPs should be
detected from their nuclear recoils interacting with
the 3200 kg of ultrapure He, which is an increase of
two orders of magnitude with respect to the previ-
ous experiment. Since the February 2017 beginning of
XENON1T, no WIMP events have been recorded, and
WIMP masses above 10 GeV/c? seem to be excluded.
The experiment continues with detectable mass limits
being lowered and the collection of more data during
winter 2018. As of June 2018, the CERN Atlas collabo-
ration did not see the decay of any DE scalars to SM
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particles, nor were any DM particles detected, and no
superpartners were found [81].

6. An even more stringent WIMP mass limit comes from
the CERN CMS experiment that will be discussed in
Section 7.4 together with the DM problem.

In order to have a universe that follows its own conserva-
tion principles, an alternate explanation to the Big Bang is
suggested. By contrast, a universe that conserves energy at
all times and is governed by the principles of duality, opti-
misation, and quantum fluctuation is supposed to have
the following properties:

1. A universe with total energy

EU =0, (17)

obeying global energy conservation not only from its
very beginning but also asserting its validity at all
times would be in accordance with the optimisation
principle of nature as stated in Section 4 as well as
Occam’s razor, a major guiding principle in physics.

2. The duality principle causes the spacetime lattice and
DE to be generated simultaneously, where the struc-
tural energy of the spacetime grid, Es7 < 0, is obtained
from Szilard’s energy principle (below) relating infor-
mation and energy, whereas the scalar DE field has
positive energy and is related to Einstein’s equivalence
principle. Hence, the total energy of the universe is
given by the equation

Ey(t) = Esy(t) + Epe(t) = 0, (18)

where the positive and negative energies globally add
up to zero at all times under the assumption that all
forms of positive energy (e.g. DM, radiation, or bary-
onic matter) are ultimately converted from DE.

3. Dark energy is considered the source for all types of
matter that exist in the universe. A Lagrangian L = O is
not unusual because in SR ds = 0 (spacetime interval)
for photons. Any type of matter and radiation in our
universe is supposed to originate from DE as a direct
result of the principle of energy conservation.

4. Besides duality, the quantisation principle has proven
to be a cornerstone of physics. In general, all physi-
cal entities are quantised, and this should also apply
to spacetime itself (i.e. spacetime should form a lat-
tice). However, the grid spacings of spacetime may be
much smaller than the Planck length as indicated by
the ESA Integral satellite measurements (Section 5.3).
Hence, the universe is assumed to owe its existence
to a Quantised Bang, which, in conjunction with dual-
ity, forms both the mutually dependent spacetime lat-
tice and the DE field. According to EHT, the formation
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of the universe appears first in the form of the space-
time lattice (quickly turning into a continuum) and
the scalar DE field. This is based on the two funda-
mental energy equivalence principles from Szilard and
Einstein, according to (2) and (3).

5. When quantum fluctuations created the very first ele-
mental surface of spacetime, the very first quantum of
DE was produced simultaneously such that the poten-
tial energy of the spacetime lattice and the ensuing DE
field added up to zero — Ey = O at all instants of time.

In a recent article, A. Ijjas et al. [75] challenge the sce-
nario of an inflationary universe, claiming that new data
from the Planck satellite have raised considerable doubt
on the validity of inflation. The theory of inflation was
introduced by A. Guth of MIT some 35 years ago. Since
then, it has become a cornerstone of modern astrophysics
and cosmology. The other main concept in current astro-
physics is the Big Bang, in which all the energy in the
universe allegedly emerged from some kind of spatial sin-
gularity. It is presently assumed that immediately after
the Big Bang the early cosmos underwent inflation (expo-
nential spatial expansion). The article by Ijjas et al. trig-
gered a fairly harsh reaction from established science, elic-
iting a letter to the editors of Scientific American signed
by 33 leading scientists, sharply rejecting the claim that
Planck data have invalidated the empirical testing of infla-
tion. The undersigned of this open letter state that about
14,000 articles by 9000 scientists have been published
in support of inflation, and thus, there existed a major
consensus for its correctness. The situation bears resem-
blance to the open letter from 90 years ago known as “100
authors against Einstein.” As Einstein simply remarked,
“Why 100 authors?” If GR is wrong, one is enough, clearly
pointing out that science is not democratic, but elite; sheer
numbers do not count.?”

However, inflation (like GR and unlike the Big Bang
concept) has passed several important empirical tests.
Despite the fact that primordial gravitational ripples have
not (yet) been found, inflation appears to be capable of
solving the problem of flatness, homogeneity, and isotropy
of the cosmos. A different question is whether inflation
exclusively follows from the proposed Big Bang. It is obvi-
ous that the Big Bang is not in conformity with the quanti-
sation principle that excludes physical singularities, even

27 This is particularly true for climate science, where huge amounts
of money are at stake, and not being mainstream may well mean
not being funded. Before each climate conference, politicised climate
reports are released just in time, citing all kinds of possible catastro-
phes that do not occur, but never addressing the real problem, which
is overpopulation.
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though singularities are mathematically admissible solu-
tions of Einstein’s field equations. In the next section, an
alternative picture for the birth of spacetime is presented.
It employs the quantisation principle and also leads to an
inflationary universe, but is based on the genesis of DE and
the unfoldment of spacetime.

7.3 Origin of Dark Energy, Dark Matter, and
Baryonic Matter

In 2011, Perlmutter, Riess, and Schmidt were awarded the
Nobel Prize for the discovery of DE and the accompanying
accelerated expansion of the universe.

In September 2017, claims were made [82, 83] that DE
does not exist based on computer simulations by incor-
porating the observed (local) inhomogeneities in the dis-
tribution of baryonic matter and DM. The simplified cos-
mological model introduced by Einstein and Friedmann
about 100 years ago is based on the assumption that, on
average, the universe expands uniformly — as if all the
matter were smoothly distributed in the cosmos. Accord-
ing to GR, observed inhomogeneities in curvature must
act back on the expansion of the universe — at least in
principle. This effect is termed backreacting and is sup-
posed to be the cause for the expansion of the universe —
according to the simulations. In addition, the inhomoge-
neous distribution of baryonic and DM may have another
effect; namely, it may lead to a fractal dimension of space-
time because the radius of the universe may slightly vary,
depending on the angular direction. Hence, this effect may
produce small variations about the exact radius of the
universe as calculated in the Einstein-Friedmann model
of 1922. Further, as the universe is not exactly homo-
geneous, the matter distribution in the form of galax-
ies, clusters of galaxies, or voids may create slightly
nonuniform expansion rates depending on the direction of
observation.

Although it seems unlikely that backreacting is strong
enough to explain the complete expansion of the universe,
it might perhaps be sufficient to explain the accelerated
expansion of the universe, because the expansion rate in
any two directions should be different — owing to the local
variations in matter density. In other words, the universe
may expand almost uniform on the average (i.e. by calcu-
lating an expansion rate averaged over all angular direc-
tions), but no two directions will have exactly the same
rate of expansion. Thus, might it be that the (claimed)
accelerated expansion is an illusion, caused by the fila-
ment structure of matter, that s, it is an effect of the cosmic
web itself?
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7.3.1 Dark Energy, Inflation, and EHT

It should be kept in mind that without Einstein’s cosmo-
logical constant A (on the RHS of Einstein’s field equa-
tions) the CDT simulations of Ambjorn et al. do not result
in a spacetime lattice. Further, their simulated spacetime is
approximately four-dimensional, but appears to be fractal.
Hence, all simulations that wish to do away with DE are not
consistent with these results. Before any matter inhomo-
geneities can form, the spacetime lattice has to be in place,
and this requires the A > 0 value, needed to establish the
arrow of time.

At alater instant of time in the cosmic evolution, when
large-scale material structures in the universe had formed,
they may indeed have led to a feedback effect on the curva-
ture distribution in space and thus might be the cause for
the small accelerated expansion. However, any indepen-
dent simulations able to confirm this phenomenon must
exhibit a realistic order of magnitude for the backreact-
ing. Perhaps the universe is actually slowing down and
does not accelerate beyond z = 0.7, caused by a possible
backreacting effect.

In EHT, DE has to exist as it is generated simul-
taneously with the spacetime grid (Section 7.2). As an
alternative to using the Ising model [9], once the spacetime
lattice comprises a sufficiently large number of metrons
(becomes a spacetime manifold), DE can be modelled by
the cosmological field A(t) > 0. This exerts a negative
pressure in Einstein’s field equations causing the expan-
sion of space, including inflation.

Recently, the following question from Nobel Laureate,
astrophysicist, and cosmologist John Mather was posed:
Can stars, by virtue of converting mass into energy, be
responsible for the effects we attribute to DE (mentioned
in the blog by E. Siegel on June 23, 2018) [84]. As is clear
from the discussion in this section, under EHT, the DE
field is the precursor of matter, and thus, no, it should be
the other way around. Everything material in the universe
ultimately is derived from DE.

The generation of matter is due to symmetry breaking
that diminishes sharply the amount of DE. Thus, the infla-
tion period comes to an end, driving the universe into slow
expansion mode.

A speculative idea is that an overshoot might have
taken place causing the universe to slow down too much,
acting like a damped oscillator. Therefore, at a later period
in the evolution, the universe may indeed be subject to a
slightly accelerated expansion rate — as may be presently
observed.

In 2016, the two expert groups for the neutron life-
time measurement (as discussed in Section 3.1.2 of Part I)
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[55] reanalyzed their data and confirmed that two differ-
ent experimental techniques produced conflicting experi-
mental findings. The first technique (termed bottle experi-
ment) uses the storage of ultracold neutrons, counting the
remaining neutrons and reporting a neutron lifetime of
878.5 £+ 0.8 s with a 68 % probability. The second experi-
ment (termed beam experiment) detects the inelastically
scattered neutrons, counting the protons resulting from
neutron decay, measuring a lifetime of 8877 + 2.2 s. In
EHT, owing to the postulated existence of hypercomplex
masses, a free neutron can also decay according to the
additional decay channel

n—pl +e; +ve
thatis much less likely than the well-known decay reaction
n—pt+e + e,

which means that the beam technique should actually
report a larger neutron lifetime. Thus, this might be con-
sidered a hint for the existence of hypercomplex masses.

It is a firm belief in physics that all the known interac-
tions in nature between material particles can be reduced
to four interactions. However, Einstein’s gravity may not
fall into this category because it is mediated by the cur-
vature of spacetime and not necessarily by gravitational
bosons. Of course, one can postulate the existence of these
bosons,?? but they were never observed, nor are they nec-
essary for gravity to function. GR is a geometric theory
depending on external spacetime curvature, whereas the
other interactions are living in internal or gauge space.
Their interactions are not based on spacetime curvature,
but instead by the exchange of bosons.

It was shown in Section 5 that in EHT there are
two groups SUg,(2) and SUg(2) that formally describe
three gravitational bosons vg,, vgp, vg that are mediat-
ing the forces for the cosmological fields as described
by Einstein’s GR, whereas hypercomplex-gravity fields are
described by the bosons Vg, Vgp, V. However, there are
fundamental physical differences between the two sets of
gravitational generators that make us conclude that cos-
mological fields may not be working via mediator bosons
but are of purely geometrical origin. Hence, it is more likely

28 Note: in Chapter 5.4, group SU(2);, formally was assigned to the
three gravitational bosons, vg,, vgp, v4 mediating the gravitational
interaction among hadrons, and the interaction of matter with the DE
field, respectively. That is, Einstein’s GR has been modified slightly
by adding the interaction of matter with the ubiquitous but generally
weak DE field, that is, G = 4.35 x 10~ 18 Gy [9].
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that the enormous weakness of Einstein’s gravity is the
result of the enormous rigidity of the spacetime grid.

The following remarks on the nature of the two types
of gravity seem to be in place.

Why is gravity so weak? The answer is twofold.

First, for the universe to become large, the gravita-
tional constant Gg must be very small; otherwise, the
curvature of spacetime would become too large. This
also means that the grid spacing of the spacetime lattice
(due to the quantisation principle) has to be discrete and
extremely small.

Second, gravity may not be that small if the gravita-
tional interaction between electromagnetism and gravity
in the form of hypercomplex gravity is considered. How-
ever, this type of gravity is due to an exclusive interaction
between material particles without involving the geome-
try of spacetime. Einstein’s GR rests on pure geometry; it is
questionable if there are real bosons mediating this force.
If they do exist, Einstein bosons would be of spin 2, while
hypercomplex-gravity bosons are of spin 1 and the inter-
action strength is about 20 orders of magnitude stronger
than for spin 2 bosons.

In EHT, there exist three different gravitational cou-
pling constants for cosmological fields, denoted by
Gp, Ggp, Gq. The gravitational constant of GR comprises
all three parts, namely, G, (gravitational constant for the
proton and neutron or hadrons), Gg, (gravitational con-
stant for leptonic particles carrying an electric charge),
and Gq the gravitational constant that couples parti-
cles carrying energy to the DE field A = A(t, X)), because
in later cosmological epochs A may have developed a
slight dependence on position x, as the distribution of
visible and DM may not be entirely homogeneous even
when considering large cosmological scales (see Part I).
That is,

GE = Gp + Ggp + Gq,

where Gp is termed Einstein’s gravitational coupling con-
stant, which is different from Newton’s coupling constant

GN = Gp + Ggp,

that does not know anything about DE.
— Gp is assumed to describe the gravitational coupling
between two proton masses mp, thatis, Gpymp mp/h c.

Not all three gravitational interactions may be active in a
process. If leptons (electrons) are present (e.g. atoms), the
gravitational constant Gg, has to be added. For all prac-
tical purposes, Newton’s law remains unchanged, as for
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matter built from atoms the coupling is practically given by
Gy, since Gg ~ 10~ *8Gy [9]. The Newtonian gravitational
constant is given by Gy = Gp + Ggp for Newton’s theory of
gravity is based on the concept of absolute time and space,
that is, spacetime without DE. Hence, the gravitational
interaction between matter and the DE field, characterised
by Gg4, cannot appear in Newtonian physics, and therefore,
F = mg,a + m;a. Hence, Einstein’s equivalence principle
is an approximate symmetry only, which is eventually bro-
ken due to the presence of DE. The strong variations in the
measured values of Gy (or Gg) may be caused mainly by
diurnal neutrino fluctuations affecting the values of the
gravitational constants Gg and Gy by +Ggp, depending on
the Sun’s activity (11- to 12-year period) and/or the loca-
tion of the laboratory (daily/nightly variation due to the
rotation of the Earth with respect to the Sun).

7.3.2 Existence of Dark Matter?

For eight decades, astrophysical and cosmological obser-
vations reported on the existence of additional gravita-
tional interaction that cannot be attributed to the visi-
ble baryonic matter. Thus, the existence of DM has been
postulated, which, according to current theoretical under-
standing, is supposed to originate from particle physics
beyond the SM. As Figure 7 has shown, gravitational lens-
ing from the collision of galaxy clusters provides firm evi-
dence for the existence of DM, e.g. the Bullet cluster col-
lision about 150 My ago (as well as other clusters) that is
some 3.7 BLyr from Earth at a redshift of z = 0.3. It should
be noted that even MOND cannot fully explain away the
mass discrepancy in galaxy clusters.

The neutrino anomaly seen in the Los Alamos Liquid
Scintillator Neutrino Detector at the Los Alamos National
Laboratory in the mid-1990s was interpreted as a possibil-
ity for the existence of a heavy, fourth kind of neutrino
(rest mass m > 0), termed sterile neutrino, supposed to be
even less interactive with matter than the three ordinary
types of neutrinos. Its mass was tentatively determined as
1 eV/c?. However, on August 9, 2016 [86], the IceCube neu-
trino detector experiment reported a null result (capable
of detecting neutrinos of mostly extragalactic origin in the
energy range 320 GeV-20 TeV, located about 2.500 m below
the surface buried in the ice of Antarctica) after 1 year of
measurement. Newer results from IceCube were reported
by Ahlers and Halzen [87] recording neutrino energies up
to 10 PeV (10'® eV). The neutrino-nucleus interaction (i.e.
with the deep Antarctic ice) eventually produces muons
M° — v+ y,u" — e + ve + ¥,) that in turn generate
Cerenkov photons observed in the IceCube detector [87].
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This is in accordance with observations from the Planck
satellite. In addition, over long-enough distances, neu-
trino oscillations have been observed, for instance,
\)Il — Vr.

While most recent IceCube neutrino observations have
not revealed any hint about the existence of a fourth neu-
trino, at least not from cosmic neutrinos [87], by contrast,
the recent MiniBooNE collaboration (Mini Booster Neu-
trino Experiment) at Fermilab [88] has reported 2437 neu-
trino and antineutrino events in the MiniBooNE exper-
iment in the energy range of 200 < E, < 1250 MeV.
According to theoretical models, only 1976.5 + 44.5 events
should have occurred. This excess of electron neutri-
nos was produced from 8 GeV protons, with scattering
cross section o, for short-baseline neutrinos at an L/E, =
1 m/MeV, where E, is the neutrino energy and L ~ is the
(short, compared to cosmic neutrinos) distance that the
neutrino travelled before detection. The observed excess
of the electron-flavoured v, neutrinos is explained by
some of the muon neutrinos oscillating into sterile neu-
trinos for a time during regular oscillations. The sterile
neutrinos are assumed to have converted into ve neutri-
nos during the next oscillation phase, hence the higher
ve numbers. Both neutrino appearance and disappear-
ance experiments (e.g. Los Alamos Liquid Scintillator Neu-
trino Detector and MiniBooNE experiment) measure this
kind of excess that might be interpreted as the existence
of a fourth neutrino or sterile neutrino. In EHT [9], it is
called the dark neutrino because, together with the pos-
tulated DM particle, the fourth particle family is formed.
If neutrinos are Dirac particles, then there must be three
right-handed neutrinos, which must be SU(2) singlets, not
subject to strong or electromagnetic interactions, i.e. ster-
ile neutrinos. Perhaps the MiniBooNE results indicate the
presence of right-handed antineutrinos.

However, as will be shown below, a sterile neutrino
with the proposed physical properties most likely cannot
exist. The definition of the sterile neutrino will be com-
pared to the Higgs boson properties. The chirality of a
fermion changes every time it interacts with a Higgs boson.
But there is no right-handed neutrino, or at least it was
never detected (see above). That means the (left-handed)
neutrino most likely does not couple to the Higgs field.

As is known from the OPAL experiment at CERN, for
the measured width of the resonance reactione™ +e + —
Z° — ff (f denotes a fermion, see Section 12 [89]) around
the mass of the Z° boson (i.e. Z° bosons were created in
the LEP storage ring at CERN at a centre of mass energy
of /s =91 GeV), only the theoretical resonance curve
predicting the existence of exactly three different types
of neutrinos ve, vy, v agrees with experiment. Hence,
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Figure 7: Based on Newton’s gravitational law, one would expect the rotational speed of stars around the centre of a galaxy to decrease
with distance from the galactic centre. Based on the distribution of visible matter, it is clear (left figure) that this is not the case. Instead, for
most galaxies, the rotational speed remains constant farther away from the galactic centre. This observation for the Coma cluster of galax-
ies (distance about 330 Mly) led Caltech astronomer Fritz Zwicky already in 1933 to conclude that dark matter (DM) (this term was coined
by Zwicky) must exist. Today, we know the amount of DM to be about five times larger (in accordance with observed weak and strong grav-
itational lensing based on theory of general relativity) than visible matter, including plasma, dust, black holes neutron stars, and white
and brown dwarfs. However, despite enormous experimental efforts during the last four decades, DM was never detected. Therefore, a
modification of Newton’s gravitational law, the so-called modified Newtonian dynamics (MOND) hypothesis has been suggested by Mil-
grom in 1983 that correctly explains this deviation from Newton’s law. However, the right picture (surprisingly) shows the rotational speed
of stars for a galaxy more than 10 billion lys away exactly following Newton’s law [85]. This clearly signifies the correctness of Newton’s
law for the early universe, starkly questioning the MOND hypothesis, but at the same time demonstrates the absence of DM inside galax-
ies in the epoch of the early universe. On the other hand, a total absence of DM, because of the photon pressure in the young universe,
would have eliminated all small-scale overdensities, thus reducing the matter density to the equilibrium value, while large-scale overden-
sities (for distances larger than the time needed by the speed of light to traverse them) should have scale invariant density fluctuations.
With no DM present, the cosmic microwave background spectrum of the small-scale fluctuations should exhibit a dramatic reduction in its
energetic amplitudes owing to radiation pressure. But this phenomenon has not been observed. Hence, the small-scale fluctuations must
have been affected by an additional energy component in the universe (so-called silk damping) that is not subject to photon interaction
(no radiation, no collisions). Computer simulations have proved that a universe without DM is not conceivable; i.e. the observed galactic
cluster structures would not exist. Therefore, the currently observed distribution of DM should have evolved during the temporal evolu-
tion of the universe, but this leaves the DM enigma unresolved. Consequently, in Section 7.6, an attempt is presented to derive Milgrom’s
formula without compromising Newton’s law. In addition, the postulated variation of the gravitational constant Gg as suggested by P. A.
M. Dirac cannot have taken place. The Bullet cluster, which comprises two clusters of galaxies colliding at a high speed (about 107 km/h),
shows that its mass is distributed in two separated parts. When the optical image from gravitational lensing is overlaid with the inferred
gravitational lensing picture of the DM matter distribution, two spatially separated locations are found (normally coloured pink and blue),

providing clear evidence for the existence of DM.

there is no room for a canonical fourth neutrino with
m > 0. Consequently, a sterile neutrino cannot be subject
to the weak interactions like the three neutrinos ve, vy, vz,
arranged in the three lepton doublets (Fig. 1). About 1 year
ago, a study found that the number of antineutrinos gen-
erated from radioactive plutonium-239 matched theoreti-
cal predictions, but the antineutrino ratio produced by the
decay of radioactive uranium-235 was significantly lower
than predicted by models. If sterile neutrinos were behind

this anomaly, there should be the same fraction of miss-
ing antineutrinos emerging from the radioactive decay of
plutonium as from uranium. Instead, it is likely that the
theoretical model is the source of the anomaly. Hence, no
evidence was seen for a sterile neutrino [90]. Therefore,
the coupling of a sterile neutrino to the doublet neutrinos
can only occur through a mass term in the Lagrangian.
But any particle that carries energy will cause this kind
of coupling, not necessarily a lepton. The most important
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postulated feature of the (fourth) sterile neutrino is to
modify the oscillation pattern through changes in the
(three) neutrino vacuum oscillations (jumping back and
forth between one neutrino flavour and another, which
cannot be fitted within the framework of the SM of par-
ticle physics) into the sterile neutrino state. This intro-
duces an additional oscillation length, for instance, L4 =
————. This process to occur requires a violation in
AmZ, c*
the Lepton number conservation. In the 3 + 1 simulation
model for the sterile neutrino Am2; ~ 1 eV? is assumed
(mass difference of ve and vg between the electron neu-
trino and the sterile neutrino) [91]. The Xenon 100 experi-
ment did not find any excess in the approximate 320 GeV
to 20 TeV neutrino energy range. In practice, there are
bounds on the doublet-sterile neutrino mixing, but there is
no bound on the number of sterile neutrinos and on their
mass scales.

In the following, we present a different approach for
DM and the sterile neutrino. According to EHT, the cur-
rent decade-long experimental search for a fourth kind
of neutrino of positive mass should remain unsuccessful
(similar to the fruitless search for a DM particle) because
these particles are assumed to have negative mass. That
means, the DM particle should have a negative mass of
—80.7 GeV/ ¢? but cannot exist in our spacetime. Instead,
it is found in dual spacetime DdS'*> (Fig. 1). As our space-
time dS'> and dual spacetime DdS*> share the same
hypersurface xi, i =1, 2,3, the gravitational field of these
two dark particles can be felt in our spacetime dS*+>. Dark
particles themselves remain both invisible and directly
undetectable. That is, the dark neutrino may only indi-
rectly be observed by modifying the neutrino oscillation
pattern. During the cosmic evolution, photons decoupled
at a temperature of T = 3000 K, whereas neutrinos would
decouple at an energy of about kg T ~ 1 MeV. Compared
to 1 MeV, the proposed energy of the sterile neutrino of
1 eV signals a light neutrino, resulting in a neutrino energy
density of about

_rma
Q, = W’ (19)
where the sum is over all neutrino types and Hubble’s
constant hp = 0.68. In order for Q, = 0.3 to account for
the missing DM, one needs to have m, c? ~ 15 eV, which
is not in accordance with the MiniBooNE results, nor
is it compatible with recent Planck data that limit the
masses of all three neutrino types to 3. m, < 0.5 eV/c?
[92], Chapter 1. Thus, a neutrino of negative mass could
exist as predicted by EHT. For neutrino masses higher than
1 MeV, there would be a Boltzmann suppression factor of
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exp(—m, c?/kg T). These particles would be nonrelativis-
tic early on and would be candidates for cold-DM particles.

It is obvious that these concepts require a drastic devi-
ation from present physics. The existence of these DM par-
ticles cannot be explained in the framework of the SM
of particle physics, or in the so-called advanced theories
beyond the SM (which most likely have been invalidated
by recent experiments). Dark particles of negative mass
also challenge the cornerstones of the SM of cosmology,
exclusively based on SR and GR. Einstein’s models of rela-
tivity are correct, but not sufficient in describing these new
types of physical phenomena. Dark matter or hypercom-
plex masses do not exist in SR or GR, and thus, physical
phenomena involving these two types of matter may not be
subject to the constraints imposed by the two relativistic
theories.

So, DM has been elusive since its inception by the
Caltech astronomer Zwicky in 1933. Since then, the exis-
tence and nature of DM have been controversial. Recently,
novel (but mutually exclusive) theoretical interpretations
for DM particles were reported (Section 74). During the
short period since our discussion in Part I, Section 2 [2],
further claims of DM detection have been reported — a pro-
cess going on for more than eight decades — only to be
retracted after a longer or shorter period of time. No DM
particle has been found up to today (winter 2018). The
totally futile search for DM has led numerous scientists
to believe that DM does not exist and that alternatives are
needed.

According to EHT, there is no fourth family of neutri-
nos of real positive mass, but a fourth neutrino type of
negative mass (—3.23 eV/c?) called the DM neutrino might
exist in dual spacetime DdS*? as depicted in Figure 1.

Already in 1983, M. Milgrom proposed the nonexis-
tence of DM, see also the discussion in Section 9.10.4
in [9] as well as Section 2 of Part I. Instead, he sug-
gested a modification of Newton’s law for very small accel-
erations should be considered, termed modified New-
tonian dynamics. The MOND formula of Milgrom does
not have a physical interpretation; otherwise, he should
have been able to modify the underlying physical action
of Einstein’s GR theory. Nevertheless, Milgrom’s MOND
formula matches the observed rotation curves, but it is
incorrect physically. Newton’s law is right at all levels of
observed cosmic accelerations (see right part of Fig. 7).
In Section 9.10.4 of [9], we already presented an attempt
to derive the MOND formula. An updated explanation for
the MOND formula is foreseen in the forthcoming Part III,
including the measurements of Bidin et al. (see Section
3.2.1 of Part I) that revealed the almost total absence of DM
inside galaxies, and hence a completely different physical
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phenomenon should be responsible for the MOND for-
mula. On the other hand, from astrophysical observations,
it is known that galaxies are surrounded by a large halo
of DM. The galactic halo is instrumental from preventing
galaxies of flying apart, and thus, it is indispensable in the
formation of large cosmic structures. Dark matter is here to
stay.

Einstein’s GR is now on firm experimental ground,
even the nonlinear aspects as shown by the work of M.
Kramer and N. Wex, MPI Bonn (see Section 3 of Part I and
earlier in Sections 9.10.2and 9.10.3in [9]). As a result, there
remains no room for alternative theories of gravity except
for the behaviour of gravity inside a black hole where no
experimental data exist.

The latest promising lead about the invisible DM was
the observation of an excess of y-rays coming from the
centre of our Milky Way galaxy. The immediate theo-
retical explanation was that DM particles were annihi-
lating each other in great numbers, thus producing the
strongest radiation source seen in the universe. However,
in a recent study Mauro et al. [93], using the Large Area
Telescope on board of NASA’s Fermi Gamma-Ray Space
Telescope, measured the shape of the isotropic diffuse
y-ray background thought to originate from hitherto unre-
solved point sources (the pulsar spectra in the centre of
our galaxy). By means of these very distinct spectra, they
were able to model the glow of the galactic centre correctly
utilising a population of about 1000 pulsars (extremely
dense and rapidly spinning cores of collapsed stars that
emit electromagnetic radiation predominantly in the form
of radio waves or y-rays) without the need of any DM
particles. This approach is conclusive as the pulsar spec-
tra vary in a specific way in accordance with the energy of
the emitted y-rays.

Dark matter has remained as elusive as ever. In Section
2.3 of Part I [2], it is explained that DM particles (according
to EHT) cannot be found by the LHC (Section 3). Further-
more, there is strong observational evidence that DM is
not present inside galaxies (measurements by Bidin et al.
2010-2014, Part I [2]). In addition, the absence of DM in
galactic centres is confirmed in the new study by Mauro
et al., which finds DM seems to be restricted to the halo
of galaxies. Axion particles, the other hope for the expla-
nation of DM, have been theoretically known since 1977.
An in-depth discussion of axions and WIMPs as well as on
the general status of DM and DE is given in Chapter 6 by
N. Prakash [24] covering the period up to 2011.2° An inten-
sive 40-year-long search has revealed not the slightest hint

29 Nirmala Prakash may be called the Emmy Noether of India.
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of their existence [94]. Theoreticians have claimed that
axions — through the interaction with a magnetic field -
can turn into photons. Nothing like that was observed up
to now.

The conclusion of the above discussion is that DM
does exist, and there is already a comprehensive map-
ping of the distribution of DM in the cosmos. At the same
time, experimental particle physics is unable to provide
the slightest hint of a DM particle. Theoretical physics
has produced dozens of theoretical models, which have
became more and more contrived over time.

In the above discussion, we learned that there is sub-
stantial observational evidence [also supported by the
recent T2K neutrino beam line findings in Tokai, Kamioka,
Japan (0 = 6.1)] for a fourth, singlet neutrino of a mass
of approximately 1 eV/c?. However, from (18), it can be
deduced that such a light neutrino is not sufficient to
resolve the enigma of DM. In EHT, there exist four doublet
particle families that are given by

Ve \)H V1 \)X

e U T X/’
where the dark neutrino vy = —3.23 eV/c? and the DM
particle y = —80.77 GeV/ c? have negative masses, avoid-
ing the conflict with the data from the OPAL experiment
(see above). Therefore, the search for DM is not over yet.
The enigma remains. According to EHT the null results of
the DM particle experiments to detect a DM particle can
only be understood by postulating a new, radical princi-
ple, namely, that the dark neutrino and the DM particle
possess negative masses and thus cannot reside in our
Minkowski spacetime, but instead live in dual spacetime
DdS(1, 3) [9] as will be discussed further in the subse-
quent two sections.

7.4 Masses of Dark Matter Particles

The AMS-2 and PAMELA experiments [79, 95-101] have
measured an energy resonance at 80 GeV, indicative of a
particle of this energy that possibly might be considered to
be the energy of the DM particle y. However, the associated
particle was not found.

However, as known from the latest LHC data as of
winter 2018, there is no new particle of a mass around
+80 GeV/cz; that is, there is no particle of positive mass
in our spacetime as all accelerators (LEP, SPS, Fermilab,
SLAC, SPS) have demonstrated for decades and, more
recently, the LHC too. In particular, since the LHC upgrade
in 2015 to an energy of /s = 13 TeV, an intensive search
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program for DM particles has been initiated by both the
CMS and ATLAS collaborations. SLAC and Fermilab [102]
initiated the Super CDMS (Cold Dark Matter Search) SNO-
LAB project, to start in the early 2020s, which is sup-
posed to be 50 times more sensitive to very light DM par-
ticles than its predecessor, CDMS. Located at the Soudan
Underground Laboratory, CDMS ended its operation in
2015 without any result, after decades of DM search. The
new experiments sound more like an act of desperation,
because very light particles never before were considered
to be candidates of DM particles. We dare to predict that
this last act in the drama of the search for DM particles
will also leave the experimenters empty handed — DM par-
ticles are not living in our spacetime.?® Every LHC run
has generated increasing experimental constraints on the
mass of DM particles. The most recent results of the CMS
collaboration [28] have not seen any hint for a DM par-
ticle down to a mass of 1 GeV and an associate media-
tor boson in the range of 50-100 GeV. There is no exper-
imental evidence whatsoever for supersymmetric parti-
cles or technicolour or extra dimensions, and all of those
theoretical constructs, based on these concepts, although
being around for decades and having underwent numer-
ous refinement processes, appear to be more and more
unlikely as possible solutions to the hierarchy problem.
After the inflation period, the universe only com-
prised cold hydrogen gas, but was awash in background
radiation, including radio waves. The cosmic afterglow
may be attributed to the so-called Big Bang, but a dif-
ferent scenario may also be conceivable. In any case,
the universe at about 380,000 years was dark. After sev-
eral hundred million years, gravity, initiated by primor-
dial density fluctuations, started to form massive stars.
Their first light excited the hyperfine transition of the neu-
tral hydrogen H, spectral line (the spin flip spectral line,
s = 1/2 h — —1/2 h, for the hydrogen ground state n = 1)
in the high redshift intergalactic medium, and caused
it to absorb these radio waves at nominally 1420 MHz.
Due to the expansion of the universe, the actual absorp-
tion frequency is lower, given by 1420/(1 + z) MHz, where

;AO and A, Ay denote the redshifted and labora-
0

tory (restframe)-measured wavelengths. This radiation
should come from everywhere in space. J. D. Bowman,
already in his Ph.D. thesis [103], suggested to measure
these intrinsically faint signals masked by foreground
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30 Since 2015, the LHC has been running flawlessly producing enor-
mous amounts of data, producing an overwhelming number of high
energy physics papers in particular from the CMS and ATLAS collab-
orations.

DE GRUYTER

emission and after 12 years deployed an antenna in Aus-
tralia. This location was selected because of the low-level
galactic noise radiation. There were first hints of a sig-
nal in early 2016 at a frequency of 78 MHz and depth of
0.5 K, with a frequency width of about 19 MHz. But the
signal was twice as strong as theoretically predicted. The
conclusion from this signal is that the absorbing hydro-
gen gas must have been colder as assumed. The conjec-
ture is that DM is responsible for this phenomenon. R.
Barkana [104] believes that hydrogen and DM particles are
scattering each other. This should have appeared about
180 million years after the Big Bang. The substance of
DM remains unknown. Signals from the first stars are pre-
dicted to arrive in the form of radio waves as recorded by
the EDGES antenna of J. Bowman. Explanation from R.
Barkana [104, 105]: There existed two actors in the form of
first stars and DM. The radio waves were sent by the first
stars, whereas the DM collided with the gas and cooled
it down. Extra cold material explains the stronger than
expected signal. Gravity by Einstein is correct. The con-
clusion by Barkana [105] is that DM therefore comprised
particles. The discovery indicates that these should be low-
mass particles, possibly several proton masses. However,
no DM particle was ever seen, and these measurements
are not proving that DM particles were encountered, but
they may show the DM gravitational interaction. In other
words, if the DM particles are in the dual space, and their
gravitational potential is felt by the hydrogen gas, then
a cooling effect by this potential is encountered. How-
ever, these signals are not proof for the existence of DM
particles.

Numerous types of DM particles have been proposed
over the years from the extension of the SM of particle
physics. WIMPs are new but stable elementary particles
with masses and coupling strengths at the electroweak
scale, produced by the thermal background of the uni-
verse through an assumed hot Big Bang. However, in
order to obtain today’s observed abundance of DM from
this hypothesised thermal production, WIMPs need to
self-annihilate in high DM density regions by a self-
annihilation cross section that corresponds to a particle
energy in the range between 80 and 100 GeV. Potential
continuum emission of very high energy in the final state
can be detected by the H.E.S.S. array of ground-based
Cherenkov telescopes. WIMPs of higher mass were never
detected in any of the accelerators, including the LHC of up
to a particle energy of 1.7 TeV. These data are in accordance
with a recent but totally different type of observation com-
ing from the H.E.S.S. array of ground-based Cherenkov
telescopes [79]. WIMP-DM particle DM annihilation sig-
nals focus on regions in the sky with both expected high
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DM density and reduced astrophysical y-ray signal mea-
sure. Therefore, any very high energy y-ray observations of
the galactic centre (GC) region are among the most promis-
ing avenues to look for DM annihilation signals due to the
GC proximity and its expected large DM content.

7.5 Dark Matter Space

It is a sobering fact that despite enormous, long-standing
experimental efforts only indirect signs for the existence
of DM have been found in the form of gravitational inter-
action with matter and radiation. So far, DM particles
were never detected in our spacetime. On the other hand,
a comprehensive mapping of the distribution of DM in
the cosmos exists, based on its cosmic scale gravitational
interaction.

The solution to this conundrum may be twofold. First,
it needs to be accepted that there are no DM particles
of positive mass m > 0. Hence, DM must have negative
mass. However, this kind of exotic mass cannot exist in
our spacetime. Second, as DM particles, denoted by y,
are known to exist but cannot be found in our spacetime,
assumed to be a de Sitter space dS(1, 3), they have to
reside in a dual spacetime, termed DdS(1, 3) [9], whose
physical properties are discussed below. Such a dual space
must allow the gravitational interaction of DM with OM of
our spacetime, in order to be consistent with astrophysical
observations. Furthermore, this gravitational interaction
must be attractive. As no DM particle of positive mass was
measured, the existence of a dual spacetime containing
particles of negative mass m < 0 is postulated.

Next, the coordinate structure of this dual spacetime
needs to be determined. The experimental proof of New-
ton’s law has been exhaustively validated at all scales.
Therefore, i.e. no spatial coordinates x*, x>, . .. are avail-
able for an extension of our spacetime, and no Kaluza-
Klein tower for the mass of the DM particle can be con-
structed. The only remaining option is time coordinate
t. In particle physics, t > 0 is used for particles mov-
ing forward in time, while antiparticles are characterised
by p#* — —p#, i.e. the reversal of both time and space,
together with charge conjugation. This means an antiparti-
cle hasits charge reversed and is moving backward in time
t < 0and space —x. Therefore, the only remaining coordi-
nate extension is imaginary time. Hence, the coordinates
of x* € DS are assumed to be given by

o) = (0 c), —x, ~y, —2),

where the speed of light must be chosen as ic in order
to produce a positive particle energy. As will be shown
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below, no waves (radiation) should be possible in this
space,

Egm = (my) x (i )’ >0

to guarantee the observed attractive gravitational force in
ds'3, resulting from my < 0 of DM particles living in dual
spacetime. The metric of the dual spacetime DdS*? is the
same as for our spacetime dS*:3, but the physics is differ-
ent. It should be noted that DM particles are of negative
mass in dual space, but in our spacetime, only their posi-
tive energy is present — not their mass. It would be incor-
rect to think of a negative DM mass existing in our space-
time. In particular, no repulsive force between matter and
DM can be constructed, for instance, by applying New-
ton’s law. This only works if both masses are present in our
spacetime. Thus, the energy of DM particles, as observed
in our spacetime, is positive, and the force exerted by the
gravitational field of DM particles is attractive.

The question arises how the spatial coordinates of
dual space are related to the spatial dimensions of our
spacetime, because the gravitational interaction between
the two spaces is a given experimental fact. The answer is
straightforward; spaces dS'> and DdS*'? share the spatial
coordinates x, y, z, but time is real for dS*> and imaginary
for DAS™3. The transformation t — —i t changes the char-
acter of the wave equation (Schrédinger) into a heat-type
equation. Therefore, electromagnetic waves cannot exist
in DdS'3.

It remains to be determined what the different types of
DM particles are. To this end, the discussion of the group
Og(3, H) (Section 5.4) should be recalled. Two additional
particles (with respect to the SM) were proposed to exist,
namely, the DM particle y and DM neutrino vy, constituting
the fourth lepton family (Fig. 4).

Their masses, however, are negative, viz.

my = —80.77 GeV/c2 and m,, = —3.23 eV/cz,

respectively, because they are not living in our spacetime;
this is owing to dual spacetime DdS'+?, also termed dark
spacetime. In order that the gravitational interaction of DM
particles can be observed in our spacetime, dS L3 theshar-
ing of the spatial coordinates x!, x?, x> is required. How-
ever, the respective energies associated with DM particles
are positive,

Ey = +80.77GeV and E,, = +3.23eV,

as actually observed in our spacetime, owing to the phys-
ical properties of dark spacetime, that is, xX° = ct with ¢
as the speed of light in vacuum, expressed by ic DdS*> so
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that the energy of the y and vy particles is counted positive
in accordance with Einstein’s equation E = m(ic)® as
m < 0 giving E > 0. Hence, there should be no contra-
diction that only three particle families exist, because this
requirement is valid only for our spacetime dS*> and for
m > 0. Dark matter particles, on the other hand, are in
dual space DdS*® with m < 0. Therefore, only the grav-
itational interaction of the DM particles with matter and
radiation is perceived in our spacetime. The two DM parti-
cles themselves, in principle, cannot be measured in our
spacetime. Consequently, no experiment should ever be
able to directly see a DM particle. However, at present,
there is no exact knowledge about the decay channel of DM
particles.

There is a major physical difference between the phys-
ical properties of spacetimes dS'> and DdS'>. Consider
the process of generating light by atoms or molecules. The
time-independent Schrodinger equation describes parti-
cles, e.g. atoms, with electrons having definite discrete
energies E,, (¢ (n, ¢ € N), where n is called the princi-
pal quantum number, and ¢ denotes the orbital angu-
lar momentum number. Electrons going from a higher
(excited state) to a lower energy level are emitting radia-
tion (light, photons); for instance, the visible spectrum of
hydrogen has the two lines Hq, and Hy with frequencies
v of 4.47 x 10 Hz and 6.17 x 10'* Hz and associated
energy E = hv. Hence, the name luminous matter cor-
rectly describes that, and owing to this process, our uni-
verse is not dark. It is worthwhile to investigate the effect
of the transformation from spacetime (luminous matter) to
dual spacetime (supposed to contain dark, i.e. nonlumi-
nous matter), dS*> — DAS'3, which is given by t — —it
(spatial coordinates x remain unchanged). Consequently,
the Schrodinger equation of dS'3 is transformed into a
diffusion equation in DAS'3, that is,

2
ihﬂz h

2 o _ po2
T P(t, x) - —= = DV (¢, x),

ot

where D is the diffusion coefficient. Note the all important
sign changes on the RHS of the diffusion equation. In dual
spacetime, there is no longer radiation (light); instead,
DM seems to be governed by a diffusion equation that
is not hyperbolic (wave propagation) but parabolic (heat
conduction). In other words, there are no waves in dual
spacetime.

Hence, dual spacetime should indeed be without
luminosity. According to the diffusion equation, DM
should be equally distributed in space S3, because the
DM concentration always flows from regions of high den-
sity towards low density. This kind of equidistribution
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would be attained if there were no matter in our space-
time. Therefore, because of mutual gravitational interac-
tion, DM will start to follow the lumps of OM in dS%3
deviating in the course of time from its initial primordial
smooth distribution. Depending on the magnitude of the
diffusion coefficient and the concentration of OM, this
process may take several hundred million years. As indi-
cated in Figure 7, the right picture is showing the rotation
curve of stars in a young galaxy, when the universe was
about several hundred million years old. As is clearly visi-
ble, the rotation curve is perfectly well described by New-
ton’s law. Therefore, it can be concluded that Milgrom’s
hypothesis that Newton’s law does not describe the rota-
tion curves of stars in galaxies is definitely incorrect —
unless one assumes that the fundamental laws of physics
are changing with time. There are no experiments what-
soever that are pointing into this direction. By contrast,
some 10 billion years later, as indicated in the left picture,
star rotation curves in spiral galaxies exhibit a substan-
tial deviation from Newton’s law. Something must have
happened. What could have changed is both the distri-
bution of DE and DM inside and around galaxies. One
might argue that the density of DE is far too small to have
any gravitational influence inside galaxies. This argument
would be correct, unless one assumes that two types of
DE particles exist, generated in pairs mainly during the
inflationary period, which are both attractive and repul-
sive. Due to the cosmic motion, there exists an asymmetry
that slightly favours the production of repulsive DE par-
ticles, sustaining the cosmic expansion. The two types of
DE particles must not be seen as particle and antiparticle
that would annihilate each other. Dark energy is a pre-
cursor of matter and thus only exerts gravitational forces.
However, the distribution of the two types of DE parti-
cles may be modified owing to the 10’ times higher mass
density r inside galaxies, compared to the mass density
of intergalactic space. This could lead to some kind of
polarisation, that is, to a spatial separation of the DE
particles. This topic will be discussed in more detail in
Part III.

According to Bidin et al., DM is absent inside galax-
ies; therefore, an explanation for MOND cannot be based
on the DM concept. Dark matter obviously was also not
present in young galaxies, hence the modified rotation
curves for the Milky Way and other galaxies (the graphs
of orbital speed versus distance for other spiral galaxies
are similar to our galaxy). On the other hand, it is known
beyond doubt that DM has formed a DM halo around our
Milky Way galaxy with a radius that may be 10 times as
large as the halo of luminous matter. This can be inter-
preted as a clear sign that DM is attracted by ordinary
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mass. The DM halo is instrumental for the structural sta-
bility of galaxies.

At present, the relationship between spacetime and
dark spacetime is not well understood.?! In particular, it is
not known whether energy exchange beyond gravitational
interaction can take place between the two spacetimes
(remember the space is the same). For instance, as might
have been measured by the AMS-02 experiment, a reso-
nance may have been seen that shows increased proton-
antiproton pair production, which could be interpreted as
a hint for the decay of the DM particle by pair produc-
tion at an energy of about 80 GeV. On the other hand, a
particle with a mass in the range of 80 GeV/c? was ruled
out from existing accelerator data a long time ago. This
irreconcilable contradiction is resolved if DM particles of
negative mass exist in DdS*:3, but this mass, because of
its positive energy, is gravitationally attractive in dS'->.
However, it is not known if dark spacetime could act as a
source of energy. In that case, the reverse process might
also exist; i.e. there might be regions in our spacetime that
appear void of matter and energy because of a hypothetical
reverse reaction,

p+p— Vx+?,

transferring energy back into dark spacetime. If this were
the case, the normal annihilation process of particle and
antiparticle should be suppressed, at least to a certain
extent. However, such a process was not found in any
accelerator data, and it needs to be understood under
which circumstances energy transfer back into dark space-
time on a cosmic scale might be possible.

No claim can be made to have solved the DM riddle,
but perhaps the novel concepts of four lepton families and
dark spacetime might help to form the basis for a future
solution.

7.6 Spacetime Lattice and Propagation
Speeds

In this section, the possible impact of the lattice or grid
structure of spacetime on energy levels and the propaga-
tion speed of matter as well as photons will be qualitatively

31 According to the optimisation principle, nature does not produce
anything that functions without a specific purpose. At present, we
do not have a convincing physical explanation that forces nature to
construct a dark spacetime with the specific properties stated, except
that such a construction is not in conflict with the existence of exact
three lepton families of positive mass, but at the same time mimics
the behavior of dark matter as observed.
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discussed utilising a crude model adapted from solid state
physics. Space is considered to be one-dimensional with
the topology of a circle, but this is not important for the
discussion.

The left part of Figure 8 shows both the temporal and
the spatial evolution of the spacetime lattice of the uni-
verse using spherical surfaces S? for the representation
of space. The lattice comprised elemental surfaces, called
metrons by B. Heim [38] of surface area Ades. During its
evolution during the expansion era, the number of ele-
mental surfaces comprising the spacetime grid is increas-
ing, which is a highly dynamical process, i.e. the lattice
is restructuring after each elemental time step, generating
additional metrons, and thus, the total potential energy of
the lattice decreases in accordance with the Ising model
(Section 5.4). Therefore, the number of metrons increases
with cosmic time: nes(ty) > nes(t1) for t, > t1, while the
rate at which metrons are generated nes(t) depends on the
expansion rate H of the universe, which is Hubble’s law
v = Hr. According to B. Heim, the metron area decreases
with time, hence A = A(t). Whether this is actually the
case depends on nes(t). The duration of inflation is about
10~ s, and the increase in the original radius of the uni-
verse is about 10%° (i.e. the ratio of the real distance r with
the comoving distance rco, see below; there are widely dif-
fering numbers in the literature). Suppose that the initial
grid S? was covered by a single metrons, after inflation,
that is within 10~ s, the number of metrons has increased

Figure 8: The left part of the figure shows both the temporal
and spatial of evolution of the spacetime lattice of the
universe, as described by an FLRW metric ds? = ¢? dt? —

d 2
az(t)<1 rk s+ r?(d6? + sin? d¢?) |, where a(t) denotes the
—kr

cosmic scale factor (expansion factor) for the comoving coordinate
system.
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to 10'°°, In the early universe, the metron production rate
Nes must have been gigantic.

According to the duality principle, the universe is
closed, k = 1, and so long there are only metrons and DE
(smoothly distributed), the universe possesses maximal
spatial symmetry, and thus, there is no angular depen-
dence. This situation changes only after inflation was
brought to a halt, that is, with DE being converted into
both DM and OM. As a result, the production of DE is no
longer sufficient to sustain the pace of inflation; i.e. the
universe continues to expand at a much more slower rate,
but overshoots and undershoots seem (damped oscilla-
tor model) to be possible in the cosmic motion. The right
part of the figure shows, in analogy to atoms composing
a solid, the periodic potential that may be produced by
the atoms of space (Ising model). Perhaps it is this poten-
tial that is causing a resistance for particles of zero rest
mass in their motion through the lattice of atoms of space.
Hence, the propagation speed for photons in vacuum will
be finite.

In Figure 8, the spatiotemporal evolution of the uni-
verse is exemplified by two-dimensional spherical sur-
faces S? (embedded in R?) that comprised elemental sur-
faces with spin or metrons of size Ases (Fig. 5). The
universe expands with time, owing to the presence of
DE. As it does, the space lattice comprises an increas-
ing number of metrons that, in turn, are generating addi-
tional DE. In other words, the process is self-accelerating
until, eventually, both DM and OM are generated from
DE by a symmetry breaking process that may be gov-
erned by the temperature of the CMB, as described by
a Landau-Ginzburg potential (Fig. 5). The presence of
matter then breaks the radial symmetry of spacetime,
introducing an angular dependence and leading to mixed
metric terms of space and time dt dx. For instance, one
could take any point on the surface S3, representing
our current universe, which is located on the largest
sphere (Fig. 8), and draw a circle (because our sam-
ple universe is only 2D) with a radius of 8.8 x 10%°
m (28.5 billion pc or 93.0 billion ly and volume 4. x
108 m3), than one has pictured the observable uni-
verse, which, as revealed by observations, is remark-
ably flat. From Planck satellite measurements, the age of
the universe is determined to be 13.82 billion years. The
much larger radius of the observable universe (93.0 ver-
sus 13.82 hillion ly) shows the impact of the scale factor
a(t) of the universe that relates the real cosmic distance
r with the comoving (fixed) distance r¢o, with ¥ =: a(t) rco

and
a(t) = exp \/g t
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obtained from the Friedmann equation

> A(D)
H® = =~

During the short inflation period, A can be considered
constant. That is, in the Quantised Bang model, inflation
is dominated by DE, that, in turn, is owing its existence
to the expanding spacetime grid (duality principle). The
whole process started with the first metron, produced by
quantum fluctuations (the cosmic principles at work, in
contrast to [106]). As the universe is closed and of sim-
ple spherical spatial topology (3D, maximally symmetric
in the absence of matter), its actual size must be much
larger than the radius of the current observable universe.
Generally, the Planck length

(o = (hGp/)Y? = 1.615 x 10 m,

is considered to be the smallest possible length, but this
seems to be in contradiction with the ESA Integral satellite
measurements, and thus a value

gsp = agpl
with
a~10""

may have to be introduced to characterise the spacetime
lattice in order to be compatible with the ESA observations
[2]. Hence, spacetime appears to be extremely but not per-
fectly rigid, but nevertheless, there still is a resistance for
particles of zero rest mass moving through this lattice. As
the photon propagates with finite speed c in vacuum, this
can be considered as a measure for the interaction of the
photon with the atoms of space.

Despite the smallness of the spacetime grid spacing,
spacetime ultimately is of discrete nature. Consequently,
the propagator (denoting the probability amplitude for a
physical system to go from initial state |i) to final state |f))
as a (not countable) sum over all paths, as employed in
the Feynman (1948) path integral method, is only applica-
ble if the high order of infinity of the number of paths can
be assigned a measure, but such a procedure is not at all
clear. According to Feynman, a path is a 3D curve in space
x(t) parametrised by time t. In the actual calculation of the
path, integral curves are represented by a set of straight
lines.

In physical reality, however, because of the metron
nature of the spacetime lattice, a path is to be replaced by a
sequence of two-dimensional surfaces, comprising a finite
number of neighbouring metrons. In this regard, the CDT
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Figure 9: In extended Heim theory, the concept of internal space H8,
which gives rise to the set of 15 hermetry forms, ultimately leads

to two types of matter, i.e. ordinary matter (OM) (inner cube) and
nonordinary matter (NOM), including dark matter (DM) (outer cube)
as depicted in this figure. Each cube represents eight hermetry
forms [107, 108].

computer simulations of Ambjorn et al. [34—-37] seem to be
closer to physical reality, because of the numerical grids
utilised (Fig. 9).

If any anti-gravity device is ever to be developed, the first thing
needed is a new discovery in fundamental physics — a new prin-
ciple, not a new invention or application of known principles, is
required.

A. V. Cleaver:

Electro-Gravity:

What It Is or Might Be

Journal of the British Interplanetary Society, Vol. 16, 1957 [109]

8 Principles of Propellantless
Space Propulsion

The article by A. V. Cleaver [109], Rolls Royce enti-
tled “Electro-Gravity: What It Is or Might Be,” was writ-
ten more than 60 years ago. In it, a completely novel
approach to space propulsion is discussed, so-called inter-
action field propulsion. Furthermore, in the article, it is
stated that the Martin Co. (now Lockheed Martin) actually
ran advertisements appealing for scientific researchers
interested in gravity. It is further reported that extramu-
ral contracts were placed, through their Research Insti-
tute for Advanced Study, with Dr. Pascual Jordan and
Burkhard Heim, at the German Universities of Hamburg
and Gottingen. A recent comprehensive and well-written
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biography on the life and scientific work of Burkhard Heim
was published by von Ludwiger (in German) [110]. A few
years later, the need for advanced space propulsion meth-
ods based on field propulsion was discussed again in the
books by Seifert [111] in 1959 and Corliss [112] in 1960
as well as by Samaras [113]. In the 50s and 60s of the
last century, field propulsion, i.e. space propulsion with-
out propellant, was a domain of intense research, but,
as is well known, this once active field did not produce
any space propulsion technology, and in the following
decades, research in this area completely subsided. At
that time, there existed an active scientific program aimed
beyond the ever attractive force of Newtonian gravity.

The field saw a revival with the NASA breakthrough
physics propulsion program (1996-2001) [114], which
ended without having generated usable practical or the-
oretical consequences concerning novel space propulsion
methods. It became clear from this project that engineer-
ing refinement of existing technology and known physical
laws were not suitable in providing breakthrough propul-
sion. A review of the state of the art as of 2003 was then
given by J. E. Allen [115]. In his final critique, Section 5,
Allen concludes that the necessary breakthrough has not
been achieved.

The quest for propellantless propulsion has a long
history, meaning propulsion systems that rely upon the
exchange of momentum and energy with their reference
frame through the use of physically generated forces. In
particular, in the 1950s in the United States, a compre-
hensive research program on gravity control propulsion
was set up in aerospace industry as well as 14 universities.
First, three concepts are discussed that recently have been
investigated as a physical basis for breakthrough propul-
sion. It will be shown that the EM drive, the Woodward
propulsion idea, based on Mach’s principle, which states
that the acceleration of massive particles can only be mea-
sured relative to other matter in the universe, i.e. its iner-
tia must depend on the distribution of the other matter
in the universe as well as any concept based on Kaluza-
Klein theory, is physically unfeasible. Any breakthrough
in propulsion or energy generation, in order to become a
real game changer, needs to be functioning without fuel.
This insight is not new and was already discussed in the
hook on space propulsion by Corliss [112] in 1960, termed
field propulsion, and was actively researched in industry
and academia at that time. Rocket propulsion cannot be
abandoned at present, because it is currently the only
technology available that is providing sufficient thrust
to deliver material to low earth orbit or communication
satellites to geostationary orbit. Second, if we are serious
about spaceflight, a crash propulsion research program
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based on fundamental physics should be started forming
atask force dedicated to the aim of studying whether there
exists novel gravitational physics that could lead to the
development of propellantless propulsion.

This physical principle was already envisioned by
W. Corliss and other physicists half a century ago. A novel
physical principle for spaceflight as well as energy gen-
eration is needed first, and then everything else will fall
into place; i.e. the proper technology will follow from
this principle. The technology must be feasible, whereas
wormholes and spacetime warping may be unrealistic or
impossible, and antimatter for spaceflight is technologi-
cally unobtainable in the foreseeable future, but it should
be accepted that, at least in the beginning, the science of
any novel propulsion system, necessarily, will have to be
speculative, for it cannot be based on current physics.

What could this new physical principle be? Obviously,
it has to do with both gravitation and spacetime. Planetary
gravitation needs to be overcome during launch, and once
in space, a vehicle is moving through a medium called
spacetime. Spacetime is considered a dynamical physical
field, because it is inseparably associated with all pervad-
ing field of DE and thus assumed to carry both energy
(in form of information) and momentum. Momentum
exchange between the space vehicle and spacetime needs
to take place, which is assumed to result in additional
spacetime dynamics, that is, contraction or expansion.
Instead of interacting with its fuel, the spacecraft is inter-
acting with the surrounding spacetime. How? Through the
generation of gravity-like (acceleration) fields outside GR
by the mechanism of (delayed) symmetry breaking.

The only approach that may have the potential as
breakthrough may be the generation of gravity-like fields
that are outside GR. In order to overcome the enormous
technical challenges posed on conventional propulsion
systems by the drag of gravity, it becomes obvious that
only propulsion without propellant can solve this prob-
lem. Field propulsion, aptly named by W. R. Corliss in his
book Propulsion Systems for Space Flight Space, Academic
Press, 1960, was then an active topic of research, however,
without delivering any practical results. Space propulsion
is still dealing with the technologies (and hazards) devel-
oped in the 1950s and 1960s of the last century, and the
vision portrayed by Wernher von Braun in his famous arti-
clein Collier’s magazine in 1952, entitled Man on the Moon,
did not become a reality. A manned Mars mission, despite
all the claims made by the various Mars projects — as the
first author, while working at the European Space Agency,
knows from firsthand experience — will not take place any
time soon, unless a breakthrough in propulsion physics
can be achieved.

DE GRUYTER

Recently, several authors published propulsion con-
cepts on Weber’s electrodynamics, but Weber’s electrody-
namics was developed before Maxwell and does not seem
to provide any additional physics.

There are recent articles citing Weber’s EM formula-
tion as if something new could be obtained from it. First,
Weber was before Einstein, and it is not clear whether or
not his formulation is even Lorentz invariant.

Maxwell’s description of EM has accounted for all
observed EM phenomena since its inception in 1864. More-
over, and this is most important, Maxwell’s theory is the
foundation for QED that has been confirmed to extreme
experimental accuracy.

Even the slightest misconception in Maxwell’s EM
would have been detected and corrected. Nothing like that
was ever observed. Even in the latest LHC data taken at 13
TeV, the tiniest deviation would have been seen. So, even if
Weber were also correct (which is doubtful, but unknown),
nothing can be gained from Weber’s theory that cannot
be explained with Maxwell’s theory that is much easier to
handle and, as we know, is Lorentz invariant; it remains
correct at relativistic speed. Any research in this direction
will not lead to any new results.

Extreme gravitomagnetic fields, termed hypercomplex
gravity (see below), may be generated by the interaction
between gravity and electrodynamics (in the so-called
Heim experiment) and seem to be the only physically real-
istic chance for propellantless propulsion. Extreme gravit-
omagnetic (or hypercomplex) fields might have been mea-
sured by M. Tajmar as was analyzed in [9], as well as in
several other articles. However, there is no smoking gun
proving their existence.

There is no way for hypercomplex gravitational fields
to exist within Einstein’s GR, which means that completely
novel physics concepts have to be introduced as discussed
in this article.

9 Physically Impossible
Propulsion Concepts

Unphysical EM Drive

Recently, the EmDrive, see http://www.newscientist.
com/data/images/archive/2568/25681402.jpg, which has
been around since 1999, was hailed as the “engine that
might break physical laws” by generating an asymmetric
force owing to different EM radiation pressures on the side
walls of a closed cylindrical resonator. But this is wish-
ful thinking [116]. By squeezing a closed Coke can on one
side and trapping electromagnetic radiation inside, the
can is supposed to move in the direction of the smaller
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cross section. This will never happen. This is a pure
electromagnetic phenomenon, and all descriptions citing
an interaction with the vacuum are equally false. As recent
experiments have shown (see the above reference), the
vacuum is extremely stable, and extracting energy from
the vacuum, i.e. bringing the vacuum to a lower energy
state, requires extreme amounts of energy. No simple EM
phenomenon can cause such an interaction with the vac-
uum. Therefore, regardless who has measured what, these
are artefacts. According to W. Pauli, “This is not right. It is
not even wrong.”

Microwave ovens do not fly. There is absolutely no
experimental evidence for a varying speed of light, c,
within the truncated cone cavity, nor does ¢ change out-
side the cavity. It is mentioned in the New Scientist article
that 1 kW of power is needed to generate 1.2 mN of thrust.
Compare this to the Saturn V that generated 33,000 kN of
thrust (five F-1 engines each at 6.7 MN thrust). Using an EM
drive would amount to generating a power of 2.75 x 101°
kW; that is, one would need about 30,000 large nuclear
power plants to produce this amount of thrust. Apart from
the fact that this kind of energy source would destroy any
material device, it would be the most inefficient way to
fly. It also might be a little heavy, because nuclear power
plants are not lightweight. There is no reasonable physi-
cal principle backing the EM drive, not even an unconven-
tional theoretical idea.

Using de Broglie’s (1928 and later D. Bohm’s 1952)
interpretation of QM does not result in any new physics.
We are talking about a novel (at that time) interpretation of
QM different from (now outdated) Bohr’s idea. Never did
Bohm postulate that the virtual particles of the vacuum
can affect his necessary nonlocal (i.e. faster than light)
pilot wave!

An interaction with DM particles, as mentioned in
the article, with the microwaves inside is not possible
either. Dark matter, as its name is telling us, is not charged
and electromagnetically inactive; otherwise, it would have
been detected. Dark matter is not subject to electromag-
netic interaction. There is no physical basis for the EM
drive, which is based on a solely conventional EM phe-
nomenon. Otherwise, just squeeze a coke can on one side
and get some microwave radiation inside, and the can
should start moving in the direction of the smaller surface.
Regardless of what has been measured, this cannot be real
thrust.

Mach’s Principle Retired

The Woodward drive is also discussed in [116, 117],
being developed since the 1990s, and it is equally
physically unfeasible. It is based on Mach’s principle,
which, as is now known, is physically incorrect.
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First, Mach’s principle is not part of GR. With the exis-
tence of the Higgs boson confirmed by the LHC (postulated
1964, measured July 2012 at CERN), particle mass comes
from the interaction with the scalar Higgs field and not
from the interaction with the other masses in the universe
as postulated by E. Mach in the 19th century. Mach’s princi-
ple is also in conflict with Einstein’s GR as the rest mass of
a particle is a relativistic invariant that is an intrinsic prop-
erty and does not depend on the distribution of the sur-
rounding masses in the cosmos as claimed by E. Mach. His
idea is not based on physical facts but more on philosophy.

Moreover, if the inertial mass of a proton were affected
by mass distributions on the cosmological scale, then
there must be an anisotropy in the inertia of every pro-
ton on Earth! Because of the mass distribution in our
own galaxy, any proton would be accelerated towards the
galactic centre and would have a mass different from a pro-
ton subject to an acceleration in the opposite direction,
simply because the mass of the galaxy is concentrated in
the galactic centre.

This could be measured very accurately by the Moss-
bauer effect and nuclear magnetic resonance technique
(frequency), but such an effect was never observed.

For any experiment performed on the rotating Earth,
the proton mass should depend on direction — according to
Mach. This is clearly not the case! With the existence of the
Higgs boson, Mach’s principle became an outdated idea
and is a relic of the 19th-century mechanistic worldview.
Hence, there is no physical principle for the Woodward
drive. Inertia is an intrinsic property of matter and is not
related to other masses. The Higgs boson was found, and
it is the source giving matter to otherwise massless parti-
cles. As we know, Einstein’s Weak Equivalence Principle
has proved to be correct to a very high degree, and thus it
is correct to state that m; = mg,.

Kaluza—Klein theory of five dimensions is incorrect.

This theory is physically wrong, because it requires
F*Fy, = 0, and thus leads to the wrong Lagrangian for
EM. That is, any five-dimensional theory (four spatial
dimensions) is necessarily incompatible with EM.

Prediction is very difficult,
especially if it is about the future.

Niels Bohr

10 Summary of Physical Concepts
of EHT

Finally, it seems appropriate to summarise the novel
physical ideas, collected under the name EHT and
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presented in the previous sections to demonstrate their
drastic physical implications in extending both the SM of
particle physics and cosmology. The influx of recent exper-
iments (Section 5.2) played a major role in the formulation
of these principles. In particular, EHT requires giving up
the cherished concept of extra space dimensions replac-
ing it by introducing extra systems of numbers. As a direct
result, see (5), two novel types of matter were introduced,
which are termed negative matter (DM) and hypercomplex
matter (virtual particles) that are not described in both SR
and GR. Hence, physical phenomena that are based on the
presence of this type of matter, that is, fields, may not be
subject to the constraints imposed by these two theories.
At the core root of these extensions is the set of foun-
dational physical principles (Section 4) that have dramatic
consequences for both cosmology and particle physics.??
The concept of duality proved to be of overriding
importance. It is at the foundation for the existence of the
cosmos, because the two fundamental energy concepts of
EHT, namely, the energy of information due to Szilard, as
expressed by (2), and the energy of mass, that is, Einstein’s
famous equation E = m c?, are considered as a physical
realisation of this principle. These two energy forms can
be converted into each other. Information energy of the
expanding spacetime lattice is transformed into matter
energy. That is, the potential energy of the evolving space-
time lattice transforms into DE, the precursor of matter.
Hence, string theory and SUSY, as postulated under
EHT, are rendered untenable and also GUT will not be
feasible in their currently foreseen form. Nevertheless, in
cosmology, the concept of the Big Bang seems to have to
be replaced by a Quantised Bang (see below). Also, the
GUT era in the course of cosmic evolution appears to be
infeasible. Extended Heim theory also makes novel predic-
tions. Extreme gravitational fields outside GR should exist,
dubbed hypercomplex gravitational fields; a fourth family

32 Further physical justification of these principles is not possible
and necessarily leads into the realm of metaphysics. This does not
mean that arguments from metaphysics are to be rejected, but simply
states that these rules are outside of physics. Another major example
thatleads also outside of physics are the numerical values of the phys-
ical coupling constants that, at least in EHT, are based on number
theory. It should be clearly stated that the roots of the cosmos are to be
sought outside of physics and thus cannot be explained. Hence, the
question which process may be responsible for setting up the proper
blueprints governing the evolution of the cosmos cannot be decided
by physics. Science in general and physics in particular can only take
the observed facts as a given and try to construct adequate models,
but are incapable of providing explanations for any underlying objec-
tive. These restrictions and the ensuing contradictions were clearly
described in B. Heim’s article entitled Welt der Weltbilder [31].
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of leptons and quarks is predicted, and the existence of

DE and DM is explained in the context of EHT. Further-

more, both time, ¢, and the speed of light in vacuum, c,

get promoted from real to complex that requires an exten-

sion of the concept of Einstein’s spacetime. Finally, the
concept of matter is promoted from real to hypercomplex
matter.

1. The formulation of EHT is based on the set of funda-
mental physical principles that cannot be proved but
are formulated according to generally accepted phys-
ical principles in accordance with the known experi-
mental results (Section 4). These principles have far-
reaching consequences for both the SM of particle
physics and cosmology.

2. The complete unification of physical interactions is
not possible according to the principle of duality.

3. The concept of extra number systems replaces the
idea of extra space dimensions. Since the 1970s, string
theory and SUSY have been contradicting all experi-
ments of particle and atomic physics that were specif-
ically conceived to prove their existence. In particu-
lar, the continuously improved measurements of the
range of validity of Newton’s gravitational law down
to the atomic scale has rendered the concept of extra
space dimensions untenable (Fig. 2). The paradigm
shift of EHT therefore replaces extra dimensions by
extra number systems that give rise to the concept of
hypercomplex masses. A direct physical consequence
is the existence of extreme gravitomagnetic fields that
are outside GR. These novel types of mass are also con-
sidered to be responsible for the existence of a fourth
family of leptons and quarks, which are instrumental
in the explanation for DM.

4, The fundamental mathematical group is 0(32, H)
that is broken down into four symmetry groups
(Section 5).

5. The unphysical concept of the Big Bang is replaced
by the Quantised Bang. The evolution of the universe
originates from generation of the first discrete elemen-
tal surface by quantum fluctuations, marking the tran-
sition from nonexistence to existence. The next quan-
tum fluctuation can cause the elemental surface to dis-
appear, or it may create a second elemental surface
that interacts with the first one due to the spin of these
two metrons. This releases a quantum of information
energy that is converted into a quantum of DE that
immediately will act to expand the spacetime compris-
ing two metrons. Therefore, the probability for a third
metron to be generated is higher than the probability
for the second metron to disappear. Thus, the increase
in the number of space atoms will be exponential,
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driven by the generated DE. A highly simplified model
of this inflation model is given in Chapter 9 in [9]. The
spacetime lattice goes quickly from discrete to con-
tinuous, allowing the use of the Einstein field equa-
tions in conjunction with DE (responsible for infla-
tion). Eventually, photons are generated from DE -
ending inflation — and mediate the force that defines
electric charge, which are also the source for ordinary
matter and DM.

6. Another basic modification concerns the notion of
spacetime as formulated by Einstein. There is a dual
spacetime, dS(3, 1), which contains DM, making DM
principally unobservable in our spacetime. However,
the gravitational impact of DM can be observed.

7. As a result of the four O(8, H) groups, there exist
six gravitational bosons. Three of these bosons
VGg»> Vgp, Vg are for the cosmological gravitational
fields that are of purely geometric nature and cannot
be unified with the three other forces.

8. The three particles representing the extreme gravito-
magnetic field are believed to result from an interac-
tion with electromagnetism and are spin 1 fields. This
type of gravitation is thought to be unifiable with the
strong interaction.

9. Dark matter seems to be absent within galaxies but is
concentrated in halos. Thus, the result of the MOND
formula (which does give the correct acceleration)
cannot be explained by DM as DM does not exist
within galaxies. A discussion was presented to obtain
the MOND formula based on the presence of two types
of DE particles, attractive and repulsive, i.e. by polar-
isation through the higher mass density inside galax-
ies that is 10 times higher compared to intergalactic
space.

10. The extreme gravitomagnetic fields may be utilised
as a means for space propulsion without propellant.
The key seems to be a specific material composition
(two or more metallic components) that might work at
ambient temperature.

The basis for the novel physics presented is a collection of
foundational physical principles, which individually are
generally accepted and proved by experience and exper-
iment. The application of these principles results in major
implications for cosmology, including a closed topology of
the universe, modifying the cosmic genesis by replacing
the hot Big Bang with a quantised bang and explaining the
nature of DE and its role in inflation. Furthermore, these
principles predict the nonexistence of singularities (i.e.
wormbholes are not considered feasible physical objects).
In addition, the fundamental principles are employed to

J. Hauser and W. Dréscher: Gravity Beyond Einstein? = 441

discuss the MOND hypothesis and to give a derivation of
the MOND formula but without giving up on Newton’s
gravitational law.

An extended group structure for the description of
elementary particles is produced by introducing extra
systems of numbers — quaternions (hypercomplex num-
bers, noncommutative) H and octonions (non associa-
tive) Q. The extra number systems also account for addi-
tional types of matter (negative, —m and hypercomplex
im,jm,km), replacing the extra space dimensions of
string theory.

These novel types of matter are instrumental because
the existence of a fourth family of particles of negative
mass is predicted representing DM.

It is postulated that DM particles are located in dual
de Sitter spacetime DdS"'3, but their gravitational interac-
tion is observed in normal spacetime. DdS!:? is marked
by an imaginary time component, it, but shares the
spatial components of our spacetime manifold dS':3.
Hence, DM particles cannot be detected in our space-
time. The existence of (virtual) hypercomplex masses may
explain the measured discrepancies of the proton diame-
ter and the contradiction in the measured lifetimes of the
neutron.

The group structure using the field of hypercom-
plex numbers gives rise to 12 elementary charges and six
gravitational bosons with three gravitational constants
Gp, Ggp, Gq (see text). The six gravitational bosons com-
prise two groups, the first three are the cosmological
bosons vg, (the graviton, spin 2 particle from Einstein’s
theory of gravity), vgp (spin 1), and vg (spin 0) that might
mediate the forces for the cosmological fields, unless
they are of pure geometric origin. In addition, according
to EHT, an interaction between gravity and electromag-
netism should occur, mediated by three additional grav-
itational bosons V¢, , Vgp (spin 1), and V4 (spin 0), which
are produced either at low temperatures in the laboratory
(symmetry breaking) or at high temperatures in the vicin-
ity of quasars. In both cases, extreme gravitomagnetic (or
hypercomplex) fields Bgp should have been generated that
may be up to 18 to 20 orders of magnitude larger than
the gravitomagnetic fields of GR. If their existence can
be confirmed, they are clearly outside GR. The reported
change in the fine structure constant a; seen in the vicin-
ity of quasars may be another hint of the presence of
these extreme gravitomagnetic fields, which are believed
to modify the permeability of free space, . The extreme
gravitomagnetic fields may be produced by those rotating
black holes in the form of quasars. New propulsion and
energy generation technology might follow from extreme
gravitomagnetic fields that are owing their existence to the
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conversion of photons y into gravitophotons Vg reflecting
the particle nature of the resulting extreme By, field.

Any sufficiently advanced technology is indistinguishable from
magic.

Arthur C. Clarke

11 Physics, Cosmology, and
Technology Discussion

One of the key features of EHT lies in the formulation of
the underlying physical principles employed by nature,
because everything follows once these principles have
been set up. Einstein himself considered this the very
first step before any mathematical formulation of a theory
should take place.

If we are wrong at this step, then there is no hope in
setting up a comprehensive theory of both space and mat-
ter. An incorrect theory means that the theory has to be
adjusted — creating more epicycles.

As of winter 2018, the LHC data have provided zero
evidence for any of the concepts employed in advanced
physical theories that have ruled particle physics for more
than four decades, namely, SUSY, extra space dimensions,
and GUT. This is a strong sign that nature is using a dif-
ferent set of rules. Hence, in this article, novel ideas were
presented in order to resolve the long-standing deadlock.

The new concepts of hypercomplex numbers, dual
spacetime, and elemental surfaces for spacetime necessar-
ily lead to different physics in the form of negative and
hypercomplex mass as well as different groups in physics
based on the field of hypercomplex numbers. For instance,
there should be a fourth family of particles, however,
accounting for DM. In addition, the existence of hypercom-
plex masses is postulated (virtual particles that are sup-
posed to be generated in the interaction between electro-
magnetism and gravitation) that give rise to gravity bosons
of spin 1, thus producing the much stronger fields, as dis-
cussed above. In other words, there should exist a second
type of gravity outside GR. By contrast, the cosmological
gravity fields are aptly described by Einstein’s GR. More-
over, the Big Bang hypothesis should be replaced by the
Quantised Bang idea, based on the existence of the metron
(elemental surface). Dark matter is composed of negative
mass and residing in dual spacetime, while only its gravi-
tational interaction can be observed in our spacetime. That
is, DM particles cannot be detected in our spacetime, nor
can they be produced by accelerators. As there are no sin-
gularities in the cosmos, the geometry of the universe must
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be closed, and eventually expansion (symmetry breaking)
is converted into contraction. The baryonic asymmetry is
attributed to cosmic motion.

The overriding principle in physics as discussed
here is the principle of duality. This may sound vague,
but, as was shown, duality imposes severe constraints
both on any physical theory of matter and cosmology.
The long-sought grand unification of all physical laws,
even at extreme energies, does not seem to be possible.

For instance, duality requires that from the very first
instant of the cosmos both spacetime (first as a lattice,
later on in the evolution as a manifold) and DE are formed
at the same time. Together with the quantisation principle
for elemental surfaces, it leads to a Quantised Bang strictly
obeying energy conservation (apart from quantum fluctu-
ations). In other words, there was no Big Bang violating the
principle of energy conservation. Based on the existence of
the metron, the Big Bang hypothesis should be replaced by
the Quantised Bang.

The cosmos seems to be governed by two energy prin-
ciples that are dual to each other: Szilard’s energy princi-
ple that measures the energy resulting from information
(or organisation) and Einstein’s energy principle of matter
(or radiation). In the evolution (including inflation) of the
universe, the information energy (potential energy, neg-
ative) of the spacetime lattice (sugar cube crystal model)
is converted into the precursor of matter energy, i.e. DE
(positive energy density). This quantised bang cosmology
accounts for the existence of DE as well as the subsequent
inflation period.

There must be a symmetry breaking mechanism that
converts DE into DM and OM (or NOM), reducing the
amount of DE and putting an end to inflation. As there
are no singularities in the cosmos, the geometry of the uni-
verse must be closed, and eventually expansion (by sym-
metry breaking) is converted into contraction. The bary-
onic asymmetry is attributed to cosmic motion.

The other key idea is the extension of the isospin
space concept to an eight-dimensional gauge space H®,
Heim space, with subspace structure 13-2-2, from which
the overall group structure for matter and spacetime is
derived. There are no extra space dimensions (no strings),
instead extra number systems, i.e. nature utilises the field
of hypercomplex numbers, which extends the idea of mat-
ter and antimatter. This in turn leads to the idea of extreme
gravitomagnetic fields mediated by virtual particles of
hypercomplex mass that act like a catalyser; i.e. they trig-
ger the reaction but are not visible in the initial and final
states of a process.

The duality principle further impacts matter and
spacetime. These are two different quantities that cannot



DE GRUYTER

be unified; instead, they represent two sides of the same
coin.

In this regard, there is no way to unify all physical
interactions. Einstein’s cosmological fields may be rep-
resented by three mediator gravity bosons, but are the
result of spacetime geometry (time-dependent curvature is
equivalent to the propagation of gravity waves). It is not at
all clear that gravitational spin 2 bosons really exist that
can be measured like photons. They may, however, exist
as auxiliary physical entities.

In accordance with the duality principle, matter is dif-
ferent from geometry and cannot be expressed by geom-
etry. This means the geometrisation of physics as fore-
seen by Wheeler et al. may not be feasible. Furthermore,
the Einstein field equations cannot describe an equality
between matter and geometry, but express an equivalence
only. Rather, matter and spacetime influence each other
and therefore can be expressed only as an equivalence. As
a result, the Planck length may not represent a meaning-
ful length scale for pure geometry phenomena. The results
of the ESA Integral satellite indicate a length scale much
smaller than the Planck length for the grid spacing of the
spacetime lattice. Hence, Planck’s constant —80.7 should
not occur in an expression for this grid spacing. Instead,
the Schwarzschild radius of the proton (18 orders of mag-
nitude smaller than the Planck length) may be the correct
measure. It should be noted that presently we presume
there is no gravitational interaction (Einstein) among lep-
tons, only hadron-hadron and hadron-lepton, in addition
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to the novel gravitational interaction, with the DE field
itself, manifested by the expansion of spacetime (which is
too small to be measured in propellantless propulsion).

The other idea is that a dual spacetime exists. In our
spacetime, matter is positive, while in dual spacetime mat-
ter is negative. Both spacetimes share the same three spa-
tial coordinates, but time is real in our spacetime, while
it is imaginary in dual spacetime. The same holds for the
speed of light.

However, the extreme gravitomagnetic or fields, group
SU(2), are mediated by three gravity bosons that are like
other mediator bosons from particle physics and thus are
completely different from the Einstein cosmological grav-
ity fields.

Moreover, because of duality, the weak and EM forces
can be unified, and the strong and the force may be uni-
fied. The unification of the two remaining interactions
should not be possible. This said, there could not have
been a GUT era in the early cosmic evolution when grav-
ity became distinct from the other three forces, which still
were united at the GUT energy.

Coupling constants are outside physics and are (in
EHT) based on number theory, meaning there could be a
relationship between prime numbers and the structure of
irreducible groups in physics. However, we do not have
a really convincing derivation of these numbers; a lot of
guesswork and speculation are involved.

The above ideas have major ramifications for the two
SMs of particle physics and cosmology [118] and require
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major extensions of both models. In particular, there are
no strings, and in the SM of cosmology, there is no Big
Bang. Dark matter cannot be found in our spacetime;
instead, it resides in dual space, because its mass is
negative. This straightforwardly leads to a fourth fam-
ily of particles and also requires 15 gluons (Fig. 10). The
largest modification concerning gravity are fields that are
both attractive and repulsive and interact with the other
three interactions as well as with the DE field. Moreover,
the universe is closed, and at some time in the future,
expansion should change into contraction. In addition,
the MOND formula is correct, but Newton’s law is valid
down to the atomic scale. The origin of DE and DM is
explainable from the novel ideas of EHT. The predictions
concerning the generation of extreme gravitomagnetic or
fields should be fairly easy to test by setting up proper
experiments.

This, in a nutshell, is how we see the framework of
EHT, but there remain a lot of details to be filled in.

Needless to say, there are still a lot of riddles, and
many other topics exist to be explored, such as the princi-
ple of structure formation and organisation. The universe
is definitely not the result of so-called self-organisation or
accidental processes, but there seems to be a governing
mechanism that is directing all physical processes, hence
the entelechial and aeonic dimensions in internal Heim
space H&.
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