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PREFACE

Jeremy Dunning-Davies

Almost from the moment it was first published in 1935, the famous - some
might say infamous - article by Einstein, Podolsky and Rosen, claiming
quantum mechanics to be an incomplete theory, has courted controversy.
Following the initial furore, things calmed down with many accepting
Bohr’s refutation of the Einstein, Podolsky, Rosen argument. However,
the topic has resurfaced periodically over the intervening years with no
completely clear resolution emerging as far as some are concerned. In
2018 the entire issue resurfaced with the publication of some experimen-
tal results from a laboratory in Basle, results which served to support the
view of that 1935 paper by Einstein, Podolsky and Rosen. This was fol-
lowed by the international conference to be held in Florida in 2020 but
which had to be turned into an online conference because of the covid-19
problem occurring in most, if not all, of the World. The conference ended
up being a success at publicizing so many views, from so many people,
which again supported the Einstein-Podolsky-Rosen line of thought. In
particular, the conference brought to the fore the enormous, unheralded
contribution to the debate by Sir Ruggero Maria Santilli (www.i-b-
r.org/Ruggero-Maria-Santilli.htm - ”Ruggero” hereon), with his first ma-
jor contribution having come in 1998 after many years devoted to devel-
oping the new mathematics needed to cope adequately with the prob-
lems surrounding the Einstein, Podolsky, Rosen issue.

This book is intended to outline a collection of primary works from
the mid 1960’s to date by Ruggero and his collaborators on the verifica-
tion and application of the Einstein-Podolsky-Rosen (EPR) argument that
Quantum mechanics [and, therefore, quantum chemistry] is not a complete
theory, in the expected recovering of classical determinism at least un-
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der limit conditions [1] (references indicated with square brackets refer
hereon to those of Ruggero’s Overview, while references indicated with
upper numbers refer to additional works quoted in this preface).

This Preface is intended to provide a guide through a rather volumi-
nous collection of works in various fields, as well as indicate important
references following Ruggero’s writing of the Overview.

During his Ph. D. studies at the University of Torino, Italy, in the mid
1960’s, Ruggero discovered that the most advanced mathematics avail-
able at that time was insufficient for the representation of systems more
complex than atomic structures, such as nuclear fusions, extended parti-
cles in deep mutual overlapping, combustion, biological structures, anti-
matter and other complex systems in the universe.

Extensive research carried out in 1964 at European mathematics li-
braries and repeated in 1978 at Cantabridgean mathematics libraries, con-
vinced Ruggero that the mathematics needed for the effective represen-
tation of the indicated complex systems did not exist but had to be built
and he had the courage to do it. In fact, Ruggero first recognized the need
for new mathematics, constructed it himself and then proceeded to use
it to examine complex systems not only in physics but in chemistry and
biology as well.

In fact, throughout his research life, Ruggero first constructed the
needed new mathematics and then passed to the treatment of complex
systems in physics, chemistry or biology.

It then follows that no serious understanding of Ruggero’s works is
possible without a prior knowledge of the underlying new mathemat-
ics that, for the reader’s convenience, are merely listed below with their
primary references.

Quite notable is Ruggero’s quote that ”There cannot exist a truly new
physical theory without a new mathematics, and there cannot exist a new
mathematics without new numbers.”
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I. NEW MATHEMATICS.
I-1. Lie-admissible mathematics.
As part of his Ph. D. curriculum, Ruggero studied the works by Giuseppe
Luigi Lagrange who lived in Torino and wrote a number of papers in
Italian. In this way, Ruggero learned that Lagrange represented physi-
cal reality via his celebrated analytic equations containing potentials rep-
resented with Lagrangeans L, plus external terms F representing non-
conservative systems that, as such, are irreversible over time.

A comparison of Lagrange’s original equations with the theories he
was studying in Ph. D. courses soon revealed that Lagrange’s external
terms were not present in any of the available theories and that said ex-
ternal terms could not be represented with the available mathematics for
various technical reasons.

A study of the works by Sir William Rowan Hamilton revealed their
full parallelism with Lagrange’s works, only formulated in phase space.
In fact, the celebrated Hamilton’s equations comprise a Hamiltonian H
plus external terms F representing non-conservative and irreversible ef-
fects which were absent in the scientific literature of the mid 1960’s.

Ruggero also learned that quantum mechanics cannot represent time
irreversible systems because its main dynamical equations, Heisenberg’s
equation for an observable A, idA/dt = [A,H] = AH −HA (where AH is
the conventional associative product) can only represent the conservation
of the energy, since idH/dt = [H,H] = 0.

To build the new mathematics needed for the representation of energy
releasing, irreversible processes, Ruggero identified the main mathemat-
ical structure of quantum mechanics, which is given by Lie’s theory with
brackets [A,B] = AB − BA and decided to generalize Lie’s algebras into
an algebra with brackets (A,B) = A < B−B > A = ARB−BSA (where
R, S are different, positive-definite operators) that turned out to be Lie-
admissible according to the American mathematician, A. A. Albert [9].
The identification of the foundations of the new Lie-admissible mathe-
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matics immediately allowed Ruggero to generalize Heisenberg’s equa-
tion into the form, today called Heisenberg-Santilli Lie-admissible equa-
tions, idA/dt = (A,H) = A < H − H > A = ARH − HSA which repre-
sents the time rate of variation (rather than the conservation) of the energy
idH/dt = (H,H) = H(R−S)H 6= 0 (see papers [6] [7] [8] of Ruggero’s Ph.
D. thesis although the unpublished version of the thesis better illustrates
the originating thoughts).

The above studies in irreversibility attracted NASA attention and Rug-
gero moved to the U.S.A. in 1967 with his wife Carla and their newborn
daughter Luisa for a one year appointment at the Center for Theoretical
Physics of the University of Miami, Florida, with NASA support. He then
accepted a faculty position at the Department of Physics of Boston Uni-
versity where he remained from 1968 to 1974 with partial support from
the U. S. Air Force by teaching mathematics and physics at all levels and
writing various papers with his associates and graduate students listed
in his curriculum. From 1974 to 1977, Ruggero was a visiting scientist at
the MIT Center for Theoretical Physics following an invitation from his
Director Francis Low.

During his three year stay at the MIT-CTP, Ruggero wrote works1−11

which are the analytic foundation of verifications [210]-[214] of the EPR
argument, and comprise:

A. MIT-CTP preprints1−5 on the necessary and sufficient conditions
for the existence of a Lagrangian in field theory, technically known as the
conditions of variational selfadjointness (SA), and their use for the repre-
sentation of systems that are variationally non-selfadjoint (NSA) that are
analytic in the sense of being derivable from a generalized action princi-
ple.

B. MIT-CTP memoirs6,7,8 published at Annals of Physics which sum-
marize the content of preprints1−5.
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C. MIT-CTP preprints9,10 presenting the Newtonian particularization
of the preceding field theoretical works, that Ruggero submitted in early
1977 to Springer-Verlag, Heidelberg, Germany, for publication as mono-
graphs.

D. MIT-CTP preprint10 intended to be a third field theoretical vol-
ume of the Newtonian references9,10, which preprint has remained un-
published, yet available as Annals of physics papers6,7,8.

As we shall see in Section III, the above field theoretical works are im-
portant for the EPR completion of quantum electrodynamics into a form
representing deviations of the theory from recent measures.

In September 1977, Ruggero joined Harvard University with a joint
appointment as a visiting scientist at the Lyman Laboratory of Physics
and at the Department of mathematics. In view of his works at MIT,
Ruggero received on arrival an invitation from the U. S. Department of
Energy for a grant intended to search for possible new clean nuclear
energies. Soon thereafter, Ruggero also received the acceptance from
Springer-Verlag for the publication of MIT preprints9,10.

Encouraged by these openings, Ruggero plunged himself, firstly, in
the construction of the Lie-admissible mathematics and secondly, in its
application for the treatment of energy releasing irreversible systems.

The resulting main studies at Harvard University in the Lie-admissible
mathematics, also called genomathematics6,7,8, are given by: the 200 page
memoir [19] of 1978 setting up the foundations of the new mathematics;
Springer-Verlag monographs [21] [22] of 1978 proposing for the first time
the completion of quantum mechanics into hadronic mechanics (see page
112) via the Lie-admissible generalization of Lie’s theory and Heisen-
berg’s equations and monographs [39] [40] on the Lie-admissble formu-
lation of various aspects of 20th century applied mathematics.

In 1982, Ruggero accepted the position of President and Professor of
Physics at the Institute for Basic Research (IBR) located at the Prescott
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House within the compound of Harvard University, which was moved
to Florida in 1989 (www.i-b-r.org).

Among a rather large scientific production at the IBR reviewed in the
Overview, we here merely mention the systematic presentations of the
various branches of hadronic mechanics in monographs [23]-[25] of 1996,
and the five volumes [74] of 2006, all works having extensive references
on independent contributions.

Various lectures on Lie-admissble mathematics are available on the
website www.world-lecture-series.org. A tutoring lecture specifically in-
tended to the verification of the EPR argument is available in Ref. [145].

Contributions in Lie-admissible mathematics that are important for
the verification of the EPR argument are the following:

1. Paper [37] of 1979 established the �bimodular structure of Lie-admis-
sible mathematics, in the sense that the product (A,B) = A < B − B <
A = ARB −BSA can be reduced to two nodular actions, one to the right
(representing motion forward in time) H > |ψ >= HS|ψ >= E|ψ >, and
one to the left (representing motion backward in time) < ψ| < H =<
ψ|RH =< ψ|E ′, E ′ 6= E, whose in-equivalence assures the axiomatic
representation of irreversibility. Said bimodular structure also assured
the preservation of quantum mechanical axioms by the Lie- admissible
branch of hadronic mechanics, since in a bimodular structure, quantum
axioms are merely formulated per each selected time ordering.

2. In early 1980, it became known that physical applications of Lie-
admissible methods are inconsistent when formulated over conventional
numeric fields. This impasse was resolved with the discovery in the 1993
paper [33] of the genotopic numbers with multiplicative genounit to the
right I> = 1/s and to the left <I = 1/R.

3. In the mid 1990’s it became also known that the representation of
extended particles via Lie-admissible methods were inconsistent when
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elaborated via Newton-Leibnitz differential calculus due to its strict local
character. In particular, hadronic mechanics was still missing in the mid
1990’s a consistent generalized formulation of the angular momentum
due to the lack of a consistent generalization of the quantum mechanical
linear momentum p|ψ(r) >= −i~∂r|ψ(r) >. These additional impasses
were resolved via the generalization-completion in Ref. [34] of 1996 of the
conventional differential calculus into a form defined on volumes, rather
than points, with genomomentum p> > |ψ>(r>) >= −i∂>r>|ψ>(r>) >=
−iI>∂r>|ψ>(r>) > and to the left < ψ<(<r)| << p = −i∂<<r < ψ<(<r)| =
−i<I∂<r|ψ<(<r) > where volumes are represented by the genounits I> =
1/S and <I = 1/R, respectively.

4. Paper [35] of 1989 identified a very simple method for the com-
pletion of 20th century mathematics into the Lie-admissible covering via
the following two nonunitary transformations UW † = I>, WU † =<

I, UU † 6= I, WW † 6= I and the proof of the invariance over time of
the genounits with consequential invariance of the shape and density of
the represented particles.

5. Memoir [41] of 2006 proved the universality of the Heisenberg-
Santilli genoequation f for the representation of all possible (regular) non-
linear, non-local, non-conservative, NSA systems via realizations of the
type R = 1, S = 1− = F/H with dynamical equation idA/dt = (A,H) =
A < H − H > A = AH − HA − AF where F is a suitably normalized
operator form of Lagrange’s and Hamilton’s external terms.

In closing, we should indicate that there exists considerable literature
on Lie-admissible algebras within the context of non-associative algebras
in pure mathematics (see, e.g., Ref.13 and Vol. I of Refs. [74]). However,
these studies are formulated over conventional numeric fields, and even
though mathematically correct, they cannot be used for the verification
of the EPR argument because of a number of insufficiencies identified in
Ruggero’s Overview.
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I-2. Lie-isotopic mathematics.
All objections against the EPR argument (see, e.g., Refs. [2]-[4]) are for-
mulated for quantum mechanical, thus conservative systems for which
Lie-admissible mathematics is inapplicable.

Additionally, in order to search for possible new clean nuclear ener-
gies under his DOE grant, Ruggero had to study nuclear structures, that
when stable and isolated, verify all conventional total conservation laws,
yet admit a more general formulation of internal strong interactions.

These requirements mandated the construction of a new mathemat-
ics for the representation of isolated, thus conservative systems with ex-
tended constituents in deep mutual penetration-entanglement, under non-
linear, non-local and NSA interactions, yet such to verify conventional
total conservation laws.

The needed new mathematics was identified in paper [19] of 1978 as
the particular case of the Lie-admissible mathematics for R = S = T > 0
with basic brackets [A,B]∗ = A ? B − B ? A = ATB − BTA, where T is
called the isotopic element, which verify Lie’s axioms, for which reason
Ruggero called the new mathematics Lie-isotopic or �isomathematics for
short. Following the original proposal [19], isomathematics was studied
in detail in monograph [22] of 1981 via the identification of its universal
enveloping isoassociative algebra ξ with isoproduct A ? B = ATB, the
initiation of the isofunctional analysis and the isotopic completion of the
various branches of Lie’s theory.

Isomathematics achieved maturity with the discovery of isonumbers
[33], the isodifferential calculus [34] and the simple method for its con-
struction in Ref. [35]. Systematic presentations of isomathematics were
then provided in monographs [23]-[25] and [74].

Various lectures in isomathematics are available from www.world-
lecture-series.org. A tutoring lecture in isomathematics specifically in-
tended for the verification of the EPR argument is available from Ref.
[143].
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We should note the completion of the quantum entanglement of par-
ticles into the covering EPR entanglement (introduced by Ruggero in his
Overview and first released in paper18), which represents the non-linear,
non-local and NSA interactions due to the overlapping of the wavepack-
ets of particles via realizations of the isotopic element T , by jointly pro-
viding an explicit and concrete realizations of Bohm’s hidden variables
[17] (see Figure 1 and Section 7.3.2 of the Overview).

There is little doubt that Ruggero’s EPR entanglement will have ap-
plications in all quantitative sciences. To see it, it is sufficient to note that
the conception of a nucleus, or a molecule or a virus, as being composed
of extended constituents under EPR entanglement, implies the inapplica-
bility of all objections against the EPR argument [2]-[4], thus opening the
door for a new physics as well as chemistry and biology.

We should also indicate that isomathematics has attracted consider-
able interest in mathematical circles and has seen a number of important
contributions by pure mathematicians identified in the Overview, with
complete listing in Vol. I of monographs74.

I-3. Hypermathematics.
In line with his belief that mathematics will never admit final formula-
tions, Ruggero has stated various times, that despite their vast represen-
tational capabilities, Lie-admissible and Lie-isotopic formulations cannot
describe ”all elements of reality” [1] because they are single-valued (in
the sense that the multiplication of two quantities yields one single re-
sult, e.g., 2 × 3 = 6). This is an excessive limitation for the representa-
tion of complex systems, such as biological structures, which suggested
Ruggero to turn Lie-admissible and Lie- isotopic mathematics into multi-
valued (rather than multi-dimensional) forms via genotopic R, S and iso-
topic T elements representing an ordered set of values. As an example,
the assumption that the isotopic element has three values T = {2, 3, 1/2}
implies that 2× 3 = {12, 18, 1/3} [27].
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Even though sufficient for ”simple” biological structures such as sea-
shells, the above formulation of hypermathematics turned out to be in-
sufficient for the representation of a living organism such as a cell.

Thanks to the participation of the Greek mathematician Thomas Vou-
giouklis, the above multi-valued formulations were generalized-comple-
ted into the most general and complex mathematics conceivable nowa-
days by the human mind, that of the Lie-admissible and Lie-isotopic hyper-
structures defined on hyperspaces over hyperfields (see the Tutoring Lecture
[146]).

I-4. Isodual mathematics.
Despite the advances indicated above, Ruggero still considered Lie-admis-
sible and Lie-isotopic mathematics as being unable to represent all ele-
ments of reality [1].

During his graduate studies in the mid l960’s, Ruggero wanted to
study whether a far away galaxy is made up of matter or of antimatter,
but was prohibited from doing such a study because the most advanced
mathematics and physics available at that time identified no difference
between matter and other complex systems in the universe.

Additionally, Ruggero has been a supporter of Dirac’s view that anti-
matter has negative energy [11], as a pre-requisite for the representation of
matter-antimatter annihilation.

Recall that, as discovered by Dirac himself, negative energies violate
causality in the sense that the effect generally precedes the cause in the
solution of quantum mechanical equations with negative energy.

For the intent of resolving Dirac’s causality problem, while being at
the Department of mathematics of Harvard University in the early 1980’s,
Ruggero decided to build the foundations of yet another new mathemat-
ics, this time based on the negative unit ”−1” under the name of isod-
ual mathematics where the word ”isodual” stands to indicate an axiom-
preserving duality of 20th century mathematics.
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This lead to the construction of the isodual images of the conven-
tional, Lie-isotopic and Lie-admissible mathematics [29].

In view of the construction of the above new mathematics and their
application in physics, chemistry and biology, Ruggero was listed in 1990
by the Estonia Academy of Sciences among the most illustrious applied
mathematicians of all times (see http://santilli-foundation.org/santilli-
nobel-nominations.htm).

II. VERIFICATIONS OF THE EPR ARGUMENT.
Thanks to the new mathematics indicated in the preceding section, Rug-
gero and his associates have constructed the axiom-preserving comple-
tion of quantum mechanics into hadronic mechanics comprising the Lie-
isotopic, Lie-admissible, hyperstructural and isodual branches [23]-[25] [74],
with corresponding completions for hadronic chemistry [30] and hadronic
biology [27] (see the outline in Section 6 of the Overview). Following these
preparatory studies, as well as the teaching from historical completions of
quantum mechanics by W. K. Heisenberg [16], Prince L. V. P. R. de Broglie
[17], D. J. Bohm [18] and others reviewed in Section 5 of the Overview,
Ruggero achieved the following verifications of the EPR argument (see
also the presentation at the 2020 EPR conference by E.T. D. Boney om
Gödel’s incompleteness theorems [217] and by A.A. Nassikas on the min-
imum contradiction theory [218], as well as their recorded talks [0]:

II-1. Verification of the EPR argument for irreversible
processes.
We are here referring to Ruggero’s 1967 Ph. D. thesis [6]-[8] (see also
memoir [41]) in which he proved the lack of completion of quantum me-
chanics for energy releasing, thus time irreversible processes and con-
structed the foundations of the Lie-admissible completion of quantum
mechanics, also called genomechanics.

Besides scientific and industrial applications, the irreversible charac-
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ter of the Lie-admissible mechanics has stimulated studies to achieve a
connection between mechanics and thermodynamics, of course, via the
intermediate step of irreversible statistical mechanics, see P. Roman et
al14, A. A. Bhalekar15, J. Fronteau et al [42], J. Dunning Davies [52] and
other contributions.

II-2. Verification of the EPR argument for classical
counterparts.
In a paper of 1964, J. S. Bell [3] proved a theorem essentially stating that
a system of quantum mechanical particles with spin 1/2 does not admit
a classical counterpart.

Thanks to the prior development of the Lie-isotopic mathematics, Rug-
gero proved in his 1998 paper [210] that Bell’s theorem is inapplicable
(rather than being violated) for a system of extended particles with spin
1/2 under deep EPR entanglement and said system does indeed admit a
fully defined classical counterpart.

The proof was essentially based on the completion of Bell’s theorem
via the isoproducts A ? B = At̂B, T̂ > 0, which allows an explicit and
concrete realization of Bohm’s hidden variables [17].

In paper [210], Ruggero also achieves a numerically exact representa-
tion of nuclear magnetic moments via hadronic mechanics that escaped
a quantum mechanical representation for about one century.

II-3. Verification of the EPR argument for classical
determinism.
In a paper of 1981 [47], Ruggero introduced a generalization-completion
of Heisenberg’s uncertainties for strong interactions among extended ha-
drons in deep mutual entanglement (as occurring in a nuclear structure)
when they are represented via hadronic mechanics.

In the 2019 paper [211], Ruggero proved the progressive recovering of
Einstein’s determinism in the interior of hadrons, nuclei and stars and its
full recovering at the limit of gravitational collapse.
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The proof is based on the realization of the isolinear momentum via
the isodifferential calculus [34], p̂ ? |ψ̂(r̂) >= −i∂̂r̂|ψ̂(r̂) >= −iÎ∂r̂|ψ̂(r̂) >,
Î = 1/T̂ > 0 (where ”hat” denotes definition in hadronic mechanics).

Let Heisenberg’s uncertainties be given by ∆p∆r = (1/2) < ψ(r)|[r, p]-
|ψ(r) >≤ (1/2)~ under the normalization < ψ||ψ >= ~. The isotopies
lead uniquely and unambiguously to the isouncertainties ∆p̂∆r̂ = (1/2) <

ψ̂(r̂)| ? [r̂, p̂] ? |ψ̂(r̂) >≤ (1/2)T̂ under the isonormalization < ψ̂| ? |ψ̂ >=<
ψ̂|T̂ |ψ̂ >= T̂ . The results of paper [210] then follow from the fact that
according to all fits of experimental data in hadron and nuclear physics,
the isotopic element T̂ = 1 − F/H has very small values and represents
Schwartzchild’s horizon at the limit of gravitational collapse.

II-4. Verification of the EPR argument for electron
valence bonds.
In the final statement of their historic paper [1], Einstein, Podolsky and
Rosen state that the wavefunction of quantum mechanics [and, therefore,
of quantum chemistry] cannot represent all elements of reality.

In the 2001 monograph [30] on hadronic chemistry (see Chapter 4 on),
Ruggero proved the above statement by showing that the wavefunction
ψ(r) of the Schrödinger equation of quantum chemistry cannot represent
the attraction between the identical electrons in valence bonds since they
experience at 10−13 cm the extremely big repulsive force of 230 Newton.

By subjecting the Schrödinger equation for electron valence bonds to a
non-unitary transformation of the type UU † = Î = exp{−ψ̄/ψ

∫
ψ†ψd3r},

and by using an appropriate selection of ψ̄, the repulsive Coulomb po-
tential is transformed into a strongly attractive Hulten potential, with
corresponding completion of the wavefunction into a form representing
the element of reality given by electron valence bonds.

The resulting bound state was called isoelectronium and allowed the
numerically exact representation of the experimental data for the hydro-
gen [31] and water [32] molecules that have escaped quantum chemistry
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for half a century.

II-5. Verification of the EPR argument for antimatter.
Ruggero did not accept the conventional charge conjugation ψ(t, r) →
ψc(t, r) = −ψ†(t, r) as being final because it provides no conjugation of
matter into antimatter for neutral particles and prevents a representation
of matter-antimatter annihilation (because antiparticles have the same
positive energy of particles).

Hence, Ruggero developed the isodual mathematics for antimatter
[29] outlined in the preceding section which is characterized by the iso-
dual map (indicated with an upper letter ”d”) applied to the totality of
quantities and their operations of quantum mechanics, resulting in the
new isodual charge conjugation ψ(t, r) → ψd(td, rd) = −ψ†(−t†,−r†), un-
der which antimatter has negative energy as predicted by Dirac [11],
evolves backward in time and all its characteristics are opposite those of
matter, thus allowing a representation of matter-antimatter annihilation.

The violation of causality for particles with negative energies is re-
solved by the isodual mathematics because particles with negative energy
or negative time referred to negative units are as causal as positive energies
or positive time referred to positive units.

III. NEW APPLICATIONS.
Section 8 of Ruggero’s Overview and the vast literature quoted therein,
illustrate quite clearly that the verifications of the EPR argument, the new
notion of EPR entanglement and their embodiment in the completion of
quantum into hadronic mechanics, chemistry and biology, have impor-
tant new implications (that is, applications not permitted by quantum
mechanics) in all quantitative sciences.

We here merely note that what appears to be a central implication of
the EPR argument, the existence of superluminal speeds under strong
interactions (Section 8.4.4-VI), was first voiced by Ruggero in 198216.
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The exact character of quantum electrodynamics (QED) has been re-
cently disproved by accurate measurements12,17 establishing a deviation
of the measured muon g-factor from the QED prediction. Following the
release of his Overview, Ruggero has provided a numerical representa-
tion of the anomalous muon g-factor via a branch of hadronic mechanics
called IsoElectrodynamics (IED)18 whose analytic counterpart is given by
the MIT-CTP papers6,7,8.

We should finally mention that, following the release of the Overview,
an independent review of the Einstein, Podolsky, Rosen argument has
been published19 and this is recommended for reading before embarking
on a study of the technical issues as outlined in some detail in this book.
In this article, inspired partly by the above-mentioned 2020 Florida Con-
ference, much of the latest information, both experimental and theoreti-
cal, pertaining to this topic - a topic whose resolution is so important for
the future of all science, not just physics - is provided. Also, reference
is made to some earlier work supporting the Einstein-Podolsky-Rosen
stance, which as far as many are concerned, has remained conveniently
almost hidden ever since its ideas were advanced in the mid-1980’s.

Further, the article contains some purely reflective thoughts on the po-
sition of probability theory in physics and other sciences, thoughts which
may have relevance in other disciplines as well. The article also gives
an independent view of some of the possible consequences of Ruggero’s
work - consequences which could affect each and every one of us, with
the possibility of a new method for the quick and safe disposal of nuclear
waste being probably the most important for many.

Even this, though, is merely one side product of his work which could
lead to many more benefits for mankind.

In many ways, as with so many issues, the main problem encountered
in discussions of the Einstein, Podolsky, Rosen issue has been an unwill-
ingness to think ’outside the box’, as the saying goes. However, the final
resolution of this and other outstanding questions facing modern day
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science will surely rely on unorthodox thinking and in this respect, all
should remember that final paragraph in the 1958 edition of Dirac’s well-
known text on quantum mechanics:

It would seem that we have followed as far as possible the path of logi-
cal development of the ideas of quantum mechanics as they are at present
understood. The difficulties, being of a profound character, can be removed
only by some drastic change in the foundations of the theory, probably a
change as drastic as the passage from Bohr’s orbit theory to the present
quantum mechanics.

This powerful statement from such an eminent theoretical physicist
surely deserves careful contemplation and certainly cannot be dismissed
easily. It is the contention here that Ruggero has achieved, at least in part,
that drastic change envisaged as necessary by Dirac. Not that Ruggero
would claim this work constituted a complete theory, because as he has
said on so many occasions, there cannot be a truly complete theory which
successfully encompasses every possible situation. Physics, and indeed
all of science, will always be continuously evolving subjects but it is felt
the work discussed in this book represents a significant step forward in
helping man gain a better understanding of the universe in which we all
live.
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ABSTRACT

In the 2020 Teleconference Ref. [0]: 1) We studied the 1935 objections against the
quantum entanglement moved by Einstein, Podolsky and Rosen (EPR argu-
ment) [1]; 2) We pointed out that the interactions caused by wave-overlapping
are of contact, zero-range, non-linear, non-local and non-Hamiltonian type; 3)
We studied the new type of particle entanglement, here called EPR entangle-

ment, consisting of particles in continuous and instantaneous communication
via the overlapping of their wavepackets, thus without any need for superlu-
minal speeds [1], whose non-Hamiltonian interactions are represented by the
isotopic element T̂ in the axiom-preserving product A×̂B = AT̂B of isomath-
ematics and related hadronic mechanics (Tutoring Lectures [143] [144]); 4) We
showed that the isotopic element T̂ provides an explicit and concrete realization
of Bohm’s hidden variables; 5) We reviewed the recent verifications of the EPR
argument by R. M. Santilli [210]-[214] showing the inapplicability of Bell’s in-
equalities and other objections against the EPR argument for extended particles
under non-potential interactions, with ensuing progressive recovering of classi-
cal images and Einstein’s determinism in the structure of hadrons, nuclei and
stars, and its full recovering at the limit of Schwartzchild’s horizon under the

full preservation of quantum axioms merely subjected to a broader re-

alization; 6) We studied otherwise impossible advances in physics, chemistry
and biology, including the exact representation of nuclear data, the achievement
of an attractive force in valence electron bonds with ensuing exact represen-
tation of molecular data, and a new conception of life consisting of extended
constituents under continuous EPR entanglement represented via hyperstruc-
tures [231]; 7) We showed the impossibility for the Copenhagen interpretation
of quantum mechanics to solve our increasingly alarming environmental prob-
lems, such as recycling nuclear waste, achieving controlled nuclear fusions, and
reaching the full combustion of fossil fuels; and pointed out their possible reso-
lution under the EPR argument according to which ”quantum mechanics is not
a complete theory.”
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Fatti non foste a viver come bruti
ma per seguir virtute e canoscenza

Dante Alighieri

1. FOREWORD.
As it is well known, Nazism reached in 1935 the peak of its military, po-
litical as well as, lesser known, scientific power, the latter being due to
the conception and construction of quantum mechanics by German sci-
entists, such as M. Planck, I. Schrödinger and W. Heisenberg and others.

The R. M. Santilli Foundation (http://www.santilli-foundation.org)
and the Family of Israel Foundation (http://www.i-b-r.org/translational-
medicine.htm) organized, conducted and recorded the International Tele-
conference from September 1 to 5, 2020 (see Ref. [0]-[4] and proceedings
papers [210]-[233]) for the study of old and new verifications of the histor-
ical view by Albert Einstein, expressed jointly with his graduate students
B. Podolsky and N. Rosen, that ”quantum mechanics is not a complete
theory,” with ensuing expectation that a suitable completion of quantum
mechanics would recover classical determinism at least under limit con-
ditions (EPR argument) [1].

This Overview is intended to provide an outline of studies conducted
over one century in old and new verifications of the EPR argument and
their applications in physics, chemistry and biology, with particular ref-
erence to the search for possible resolutions of our increasing alarming
environmental problems via the new sciences permitted by the EPR argu-
ment, which resolutions appear to be impossible via quantum mechanics
(see representative references [2] - [235]).

In Section 2, we present a brief outline of the EPR argument and its
historical objections, including Bell’s inequalities; in Section 3, we review
known insufficiencies of quantum mechanics in various fields; in Section
4, we review the experimental verifications of the validity of Bell’s in-
equality for point-like particles under linear, local and potential interac-
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tions as well its inapplicability (rather than violation) for extended parti-
cles under non-linear, non-local and non-potential interactions; in Section
5, we review the first historical completions of quantum mechanics essen-
tially along the EPR argument by W. Heisenberg, L. de Broglie, D. Bohm
et al.; in Section 5, we outline the completion of quantum mechanics,
chemistry and biology into the various fields; in Section 7, we review five
different verifications of the EPR Argument by R. M. Santilli [210]-[214];
in Section 8 we review applications and predictions in physics, chemistry
and biology, as well as the implications of the EPR argument for high en-
ergy scattering experiments; and in Section 9, we present what appears
to be the ultimate implications of the EPR argument.

To properly present and document a century of research in the field,
we have made an effort to provide free pdf downloads of:

i) Reprints of Santilli’s 1998 and 2019 verifications of the EPR argu-
ment [210]-[214];

ii) Papers [6]-[188] by numerous authors that resulted in time to be
significant for the proofs the EPR argument, including:

ii-1) Refs. [32]-[36] that are important for the axiomatic structure and
elaboration of Lie-isotopic theories;

ii-2) Refs. [49]-[52] that contain original important contributions by
various authors for the construction of hadronic mechanics;

ii-4) Refs. [53]-[67] that provide a step-by-step Lie-isotopic completion
of conventional space-time symmetries, their implications for physical
laws and the proof of their isomorphism with conventional symmetries,
which references play an important role in the construction of explicit
and concrete realizations of Bohm’s hidden variables with ensuing veri-
fication of the EPR argument.

iii) Monographs by various authors [154] [201]-[207] that review the
process leading to verifications [210]-[214] of the EPR argument;

iv) References in the first representation of nuclear magnetic moments,
spin, stability and other data with the consequential prediction and initial
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verification of new clean nuclear energies (Sections 8.1 and 8.2);
v) Internet debates for anonymous expressions of personal views in

cosmology [76], neutrino [91], gravitation [180], applications of the EPR
argument in physics [208], and applications of the EPR argument in chem-
istry [209];

vi) Tutorial lectures in isomathematics [143], verifications of the EPR
argument [144], Lie-admissible formulations [145], and hyperstructures
[146]; and

vii) Proceedings of international meetings in the field [188]-[200], in-
cluding: five Workshops on on Lie-Admissible Formulations conducted at
Harvard University from 1978 to 1982; twenty five Workshops on Hadronic
Mechanics conducted from 1983 on at various locations in the U.S.A., Eu-
rope and China; and three International Conferences on non-Potential in-
teractions and their Lie-admissible treatments, the first conducted in 1981
at the Université d’Orleans, France, the second conducted in 1995 at the
Castle Prince Pignatelli, Molise, Italy, and the third conducted in 2011
at Katmandu University, Nepal. Out of all these meetings, the author
could identify only twelve proceedings available with links for free pdf
download which illustrate the number of scientists who contributed in
the construction of hadronic mechanics, chemistry and biology.

It should be stressed that, by no means, the content of this Overview
is expected to be accepted by all participants of our 2020 Teleconference
in the EPR Argument [0] because, particularly when dealing with funda-
mental open aspects, debates on qualified dissident views are essential
for a serious scientific process.

2. THE EPR ARGUMENT.
A most mysterious experimental evidence in nature is the capability of
particles to influence each other instantly at a distance. In view of the
apparent influence in the 1930’s by the Nazism, the scientific community
of the time assumed that such an effect is predicted by quantum mechan-
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Figure 1: A view of the new ”EPR entanglement” introduced during the 2020

International Teleconference (see Section 7.2.3 for a technical treatment), which

consists of particles under continuous and instantaneous communication via the

overlapping of their wavepackets, thus without any need for superluminal com-

munications[1], with ensuing contact, zero-range, non-linear, non-local and non-

potential interactions represented via isomathematics [54] and isomechanics [24].

ics, for which reason the effect continues to be called to this day quantum
entanglement.

By contrast, Albert Einstein noted that the Schrödinger equation of
quantum mechanics (for ~ = 1)

[− 1

2m
∆r + V (r)]ψ(r) = Eψ(r), (1)

is strictly local, in the sense that it can only represent point-like particles
at a distance in vacuum and, therefore, cannot predict the entanglement
of particles, in which case the sole possible representation of the entan-
glement is that via superluminal communications i that would violate
special relativity.

To avoid such a violation, Einstein, Podolsky and Rosen argued that
”quantum mechanics is not a complete theory” [1].
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The EPR argument was quickly criticized by N. Bohr [2] a few months
following its appearance although, under a sufficiently deep scrutiny,
Bohr did not truly address the EPR argument, namely, the possible exis-
tence of ”elements of reality” in the universe beyond those of the atomic
structure which would require a suitable completion of quantum me-
chanics.

Despite such a visible insufficiency, Bohr’s opposition to the EPR ar-
gument was supported quite widely by numerous scientists apparently
because of the Nazism scientific power of the time.

In 1964, J. S. Bell [3] proved an inequality which essentially estab-
lished that quantum mechanical systems of particles with spin 1/2 do not
admit classical counterparts. Bell’s inequality was considered by the main-
stream scientific community, with due exceptions, to be the final dis-
missal of Einstein’s dream of recovering classical determinism, and set
the current widely accepted view that quantum mechanics is valid for
whatever conditions exist in the universe (see review [4] and its compre-
hensive literature).

3. CONCEPTUAL FOUNDATIONS
3.1. Insufficiencies of quantum mechanics in
particle physics.
The Copenhagen interpretation of quantum mechanics can only repre-
sent particles as being point-like at a distance in vacuum, because Schröd-
inger’s equation (1) is characterized by wavefunctions ψ(r), potentials
V (r), Laplacians ∆r and other quantities that can only be defined at a
finite set of isolated points r. Consequently, contrary to a rather popu-
lar belief, the Copenhagen interpretation of quantum mechanics cannot
consistently predict or represent particle entanglements without super-
liuminal communications, as correctly stated in the EPR argument [1].

The novel quantitative representation of particle entanglements stud-
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ied at the 2020 teleconference [0] and called EPR entanglement, can be
conceptually outlined as follows (see Figure 1 and Section 7.2.3 for a tech-
nical definition). Recall that the wavepacket of a particle fills up the en-
tire universe with an intensity inversely proportional to the square of the
distance. Hence, the entanglement of particles at a distance is character-
ized by the mutual penetration/overlapping of their wavepackets, under
which conditions particles are in continuous instantaneous communica-
tion through the overlapping of their wavepackets without any need for
superluminal speeds (Figure 1).

The technically challenging problem is that the interactions caused by
the overlapping of the wavepackets of particles are: 1) Non-linear in the
wavefunctions; 2) Non-local because defined in a volume; and 3) Not
derivable from a potential because they are of contact, thus zero-range
type, hereon referred to as non-Hamiltonian interactions.

Also recall that quantum mechanics is strictly Hamiltonian in the sense
that interactions can only be represented via the Hamiltonian H . Conse-
quently, the vast historical literature based on quantum mechanics (not
listed in this Overview for brevity because easily identifiable with an
internet search) represents particle entanglements with a Hamiltonian.
By contrast, the 2020 Teleconference studied the alternative approach
according to which the interactions occurring in particle entanglement
should be represented with an operator other than the Hamiltonian, by
therefore mandating a completion of quantum mechanics according to
the EPR argument [1].

An important objective of the 2020 Teleconference has been that of re-
viewing half a century of research by R. M. Santilli as well as by various
scholars in the completion of 20th century applied mathematics, from its
sole validity at isolated points, into a covering mathematics providing a
consistent representation of interactions 1), 2), 3) above (see the recorded
Tutoring Lectures of Ref.[0]). Physical and chemical completions and ap-
plications of the new notion of particle entanglement were considered
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only thereafter.
Note that, from the basic axioms of the SU(2)-spin algebra and of Lie’s

theory at large, the validity of Bell’s inequality [3] crucially depends for
point-like particles under linear, local and potential interactions. There-
fore, the study of systems of extended particles under non-linear, non-
local and non-potential interactions automatically assures the inapplica-
bility (rather than the violation of Bell’s theorem), by therefore establish-
ing rigorous grounds for the verification of the EPR argument.

A study of Gödel’s incompleteness theorems presented at the 2020
Teleconference is available in Ref. [217] and in the recorded lecture by E.
T. D. Boney [0].

The connection between causality and quantum mechanics was stud-
ied at the 2020 Teleconference by S. E. Johansen, see Ref. [224], and his
recorded lecture [0].

The connection between the EPR argument and the minimum contra-
diction theory was studied at the 2020 Teleconference by A. A. Nassikas,
see contributed paper [228] and his recorded lecture [0].

3.2. Insufficiencies of quantum mechanics in
nuclear physics. On serious scientific grounds, a theory can be
claimed to be exactly valid for given systems (“elements of reality” [1]) if
and only if the theory provides an exact representation of all experimen-
tal data of the systems considered from first axiomatic principles without
the adulterations appearing in the contemporary physics literature via
manipulated form factors, venturing of particles and/or entities not di-
rectly testable, and the like.

Under the above serious scientific conditions, quantum mechanics
can indeed be considered to be exactly valid for the structure of the hy-
drogen atom. However, with the understanding that the approximate va-
lidity of quantum mechanics in nuclear physics is out of question, the
assumption of quantum mechanics as being exactly valid for the nuclear
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Figure 2: A reproduction of the Schmidt limits providing a documentation of

the deviations of the predictions of quantum mechanics from experimentally mea-

sured nuclear magnetic moments beginning with that of the smallest nucleus, the

Deuteron. Similar insufficiencies exist for the representation of nuclear spins,

nuclear stability and other data.

structure implies the exiting from the boundaries of serious science due
to the well known failure by quantum mechanics to achieve an exact
representation of nuclear experimental data, such as nuclear magnetic
moments, nuclear spins, nuclear stability (recall that the neutron is un-
stable.....), and other data, despite the use of billions of dollars of public
funds in about one century of research. This insufficiency begins with the
lack of representation of experimental data on the smallest nucleus, the
Deuteron, and becomes embarrassing for large nuclei such as the Zirco-
nium (Figure 2) [6].

An understanding of the origin of the indicated insufficiency can be
reached via the comparison of atomic and nuclear structures. In the hy-
drogen atom, the proton and the electron are at such a large mutual dis-
tance to allow their effective point-like approximation, with the ensuing
exact validity of the theory. By contrast, experimental data on nuclear
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Figure 3: An illustration on the left of the sole possible representation of nuclear

structures by quantum mechanics due to its locality and linearity. An illustration

on the right of the experimental reality establishing that nuclei are composed by

extended and hyperdense nucleons in conditions of partial mutual overlapping

with ensuing non-Hamiltonian interactions mandating a suitable completion of

quantum mechanics [1].

volumes and on the volume of individual nucleons, establishes that nu-
clei are composed by a collection of extended and hyperdense nucleons in
conditions of partial mutual penetration, thus EPR entanglement, of their
charge distributions (Figure 3) with ensuing non-Hamiltonian interactions
(Section 3.1), with consequential need for a suitable completion of quan-
tum mechanics.

3.3. Insufficiencies of quantum mechanics for irreversible
processes.
Beginning with his Ph. D. studies at the University of Torino, Italy, in the
mid 1960’s, Santilli dedicated his research life to the proof of the EPR ar-
gument [1] because quantum mechanics cannot achieve a consistent rep-
resentation of energy releasing processes, such as combustion, nuclear fu-
sions and others. This is due to the fact that all energy releasing processes
are irreversible over time, while quantum mechanics can only represent
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systems whose time reversal image does not violate causality (Figure 4,
left view) due to the invariance under anti-Hermiticity of Heisenberg’s
equation for Hermitean operators A

i
dA

dt
= [A,H] = AH −HA = −[A,H]†. (2)

The century old objection against the verification of the EPR argument
via irreversible processes, which is still widely accepted nowadays, is
that irreversibility is ’illusory’ (sic) because, when irreversible processes
are reduced to their quantum mechanical elementary constituents, re-
versibility is fully regained. As part of his 1967 Ph. D. thesis [6]-[8], San-
tilli proved a number of theorems essentially stating that a macroscopic
irreversible system cannot be consistently decomposed into a finite number of
quantum mechanical particles all in reversible conditions and, vice-versa, a
finite number of quantum mechanical particles cannot recover a macroscopic
irreversible system under the correspondence or other principles.

An important discovery made during the 2020 Teleconference [0] is
that macroscopic irreversibility originates at the ultimate level of elemen-
tary particles, as established by the mere visual inspection of high energy
scattering experiments at CERN, FERMILAB and other particle physics
laboratories (Figure 4, right view).

In view of the above insufficiency, Santilli proposed in 1967 (loc. cit.)
the first known completion of quantum mechanics based on the embed-
ding of Lie algebras of quantum mechanics with brackets [A,B] = AB −
BA into covering algebras with brackets (A,B) that are Lie-admissible
(Jordan-admissible) according to the American mathematician A. A. Al-
bert [8] when the attached anti-symmetric brackets [A,B]∗ = (A,B) −
(B,A) verify the Lie algebra axioms (attached symmetric brackets {A,B}∗ =
(A,B) + (B,A) verify the Jordan algebra axioms), with realization of the
type

(A,B) = ARB −BSA = (ATB −BTA) + (AJB +BJA), (3)
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Figure 4: A view on the left of the irreversibility of combustion and its lack of

representation via quantum mechanics due to its reversibility. A view on the right

of the clear irreversibility of high energy particle collisions, with ensuing need for

an irreversible completion of quantum mechanics (Section 8.7).

whereR = T+J snd S = −T+J are non-singular operators representing
non-Hamiltonian interactions. The representation of irreversibility from
first axiomatic principles is evidently assured by the violation of the in-
variance under anti-Hermiticity, (A,B) 6= −(A,B)† which occurs when-
ever R 6= S. In particular, the Lie-isotopic operator T represents the
non-Hamiltonian interactions of particle entanglement, while the Jordan-
isotopic operator J represents the irreversibility of energy-releasing pro-
cesses via a representation of the external terms in Lagrange’s and Hamil-
ton’s equations that are completely absent in the Copenhagen interpreta-
tion of quantum mechanics (see Sections 6.2 and 7.6 for an overview).

3.4. Insufficiencies of quantum mechanics for
antimatter.
Another majestic event in nature is given by the annihilation of particle-
antiparticle pairs into light. The mechanism of this event cannot be rep-
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Figure 5: Another topic studied at the 2020 Teleconference [0] has been the in-

ability by quantum mechanics to represent the mechanism of particle-antiparticle

annihilation into light because charge conjugation characterizes antiparticles with

the same positive energy of particles against Dirac’s view [11] that antiparticles

should have negative energy.

resented via quantum mechanics because charge conjugation

ψ(r) → ψc(r) = −ψ†(r), (4)

characterizes antiparticles in the same Hilbert space of the original par-
ticles, as a result of which antiparticles have the same positive energy of
particles. Consequently, a particle-antiparticle pair both having positive
energy cannot possibly annihilate into light, besides being in conflict with
P. A. M. Dirac historical hypothesis that antiparticles have negative energy
[11].

Alternatively, there is no doubt that map (4) characterizes indeed a
”charge conjugation.” The question raised by Santilli is whether a pure
”charge” conjugation can also be a consistent ”particle-antiparticle” con-
jugation. As an example, there is no doubt that the charge conjugate of
π− meson is the positively charged meson π+. However, in this case there
is no known consistent representation of π− − π+ annihilation since they
both have positive masses.
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Similarly, the additional interpretation of map (4) as a particle-antipart-
icle map implies that the π0 meson coincides with its antiparticle, but then
what are the physical differences between massive neutral particles and
their antiparticles?

These occurrences clearly suggest the need for an additional comple-
tion of quantum mechanics, this time, for a particle-antiparticle conjuga-
tion permitting a quantitative representation of particle-antiparticle anni-
hilation that can be best achieved when all characteristics of antiparticles
are opposite those of particles (see Section 7.7 for an overview).

3.5. Insufficiencies of quantum mechanics in
chemistry.
With the full admission of the historical advances achieved by quantum
chemistry in the past century, the advancement of basic scientific knowl-
edge requires the indication of the basic insufficiency of quantum chem-
istry given by the absence of a quantitative model of valence bonds due
to the inability to represent the attractive force between identical valence
electrons (Figure 6), with consequential lack of a quantitative model
of molecular structures that carries evident environmental implications
[12].

In fact, the Schrödinger equation of valence electron pairs is given by

[− 1

m
∆r +

e2

r
]ψ(r) = Eψ(r), (5)

where m is the reduced mass, thus solely allowing a repulsion caused
by the equal electron charge −e which is represented by +e2/r. Simple
calculations show that the repulsive force between two valence electrons
at 10−13cm = 10−15fm mutual distance is given by

F = k
e2

r2
= (8.99× 109)

(1.60× x10−19)2

(10−15)2
= 230 N, (6)
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Figure 6: A schematic view of the lack of a quantitative representation of molec-

ular structures by quantum chemistry due to the large Coulomb repulsion between

identical valence electrons according to Schrödinger equation (5) which is explic-

itly computed in equation (6).

thus being so enormous for particle standards to prevent any realistic
hope of being overcome by current models of valence bonds, thus con-
firming the need for a suitable completion of quantum chemistry accord-
ing to the EPR argument [1].

The lack of a sufficiently strong attractive force between identical va-
lence electrons has rather serious implications in chemistry, such as:

a) The lack of an exact representation of molecular binding energies
with deviations of the order of 2% that, rather than being ignorable, cor-
responds to about 950 kcal/mole.

b) The prediction that all substances are ferromagnetic in view of the
lack of strongly bonded valence electron pairs.

c) The inability to achieve a quantitative representation of molecular
electric and magnetic moments, with consequential inability to identify
the attractive force between molecules in their liquid state, and other in-
sufficiencies [loc. cit.].
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4. EXPERIMENTAL FOUNDATIONS.
An important lecture delivered at the 2020 Teleconference has been that
by Gerald Eigen [13] (see also Ref. [235]) who presented various exper-
iments that essentially provide a clear experimental verification of Bell’s
inequality for point-like particles in vacuum, thus including electromagnetic
interactions.

Independently from the above tests, Matteo Fadel et al [14] conducted
experiments similar to those of Ref. [13], but this time for the study of
spin-correlations between space separated atoms of a Bose-Einstein con-
densate, by measuring uncertainties below the bound of Heisenberg’s uncer-
tainty principle.

Additionally, the ALICE experiments at CERN on heavy ions [15] have
shown deviations from quantum mechanics bigger than those measured
by experiments [14].

A view expressed at the 2020 teleconference is that tests [13]-[15] pro-
vide a conceptual and experimental verification of the EPR argument
[1] because tests [13] confirm the acceptance by Einstein, Podolsky and
Rosen of the validity of quantum mechanics for point-like particles in vac-
uum, while tests [14] [15] establish the existence of deviations from quan-
tum mechanics for extended particles.

The main difference between tests [13] and [14] [15]] deal with the
underlying interactions. In fact, for tests [13], the sole possible interac-
tions are those at a distance, since the particles are dimensionless. By
contrast, for the case of tests [14] [15], since the constituents are given
by extended atoms and ions under the known compression caused by
the Bose-Einstein condensate, the interactions are of the non-linear, non-
local and non-potential type causing the inapplicability (rather than the
violation) of Bell’s inequality.

As we shall see, besides the above direct tests, there exist additional
experimental evidence in support of the EPR argument in particle physics,
nuclear physics, chemistry and other fields.
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5. HISTORICAL EPR COMPLETIONS.
In general, the limitations of basic physical laws have been best iden-
tified by their originators. For example, following the discovery of the
matrix realization of quantum mechanics on a Hilbert space H over the
field of complex numbers C, with historical time evolution (2), Werner K.
Heisenberg identified the limitations of his own theory caused by its lin-
earity, and studied what can be well called the first non-linear completion
of quantum mechanics [16].

Quantum mechanics is a strictly Hamiltonian theory and, therefore,
can only represent non-linear interactions with the Hamiltonian, result-
ing in eigenvalues equations of the type

H(r, p, ψ)ψ(r) = Eψ(r). (7)

As part of his decades of studies on completions according to the EPR ar-
gument, Santilli pointed out at the 2020 Teleconference [0] that, despite its
clear historical value, Heisenberg’s non-linear completion does not allow
the characterization of the constituents ψk(r), k = 1, 2, ..., N of a bound
state with non-linear internal interactions because non-linear equations
(7) generally violate the superposition principle,

ψ(r) 6= Πk=1,2,...,Nψk(r). (8)

The lack of a superposition principle then implies serious limitations
on the representation of experimental data, e.g., on how the neutron,
which is naturally unstable, becomes stable when bonded to a proton
in a stable nucleus.

Therefore, in order to preserve the superposition principle under com-
pletion, Santilli suggested that non-linear interactions should be repre-
sented with a suitably selected operator other than the Hamiltonian. In
any case, as indicated earlier, non-linear interactions are of contact, zero-
range type thus carrying no potential energy. Their representation with



46

the Hamiltonian would then cause consistency problems in the axiomatic
structure of the completed theory.

Despite the indicated limitation, Heisenberg’s non-linear completion
of quantum mechanics played an important role in Santilli’s studies. In
fact, there is a mention in the Comments of Teleconference [0] that Santilli
had various mail contacts with Heisenberg in the early 1970’s precisely
on the superposition principle when Santilli was in the faculty of the De-
partment of Physics of Boston University.

As it is well known, Louis V. P. R. de Broglie was one of the pri-
mary contributors to the development of the wave structure of particles
in quantum mechanics. Jointly, de Broglie was one of the firsts scientists
to identify the limitations of such a description caused by the locality
of the wavefunction ψ(r). The theory developed by de Broglie was semi-
classical as a condition to by-pass Heisenberg’s uncertainty principle and,
as such, it can be considered to be one of the first attempts at recovering
Einstein’s determinism.

Unfortunately for science, de Broglie was dissuaded by mainstream
scientists of the time to continue his studies on possible broadening of
quantum mechanics. Nevertheless, de Broglie’s ideas were resumed and
further developed by David J. Bohm and the theory can be well called
resulting the de Broglie-Bohm non-local completion of quantum mechanics
[17].

This theory was discussed at the 2020 Teleconference [0] because of its
important influence in the development of new completions of quantum
mechanics. In particular, Santilli pointed out that, in his view, no con-
sistent representation of the entanglement of particles can be achieved
without a non-local theory since the overlapping of wavepackets occurs
in a volume. Yet, to be effective, the representation of said non-locality
should be done via an operator other than the Hamiltonian since said
wave-overlapping carries no potential energy.

The third important historical completion of quantum mechanics stud-
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ied at the 2020 Teleconference [0] is that by D. J. Bohm with his theory of
hidden variables [18].

As it is well known, quantum mechanics is a probabilistic theory, with
ensuing uncertainties in the position and momentum of particles. Bohm
conjectured the possible existence of more fundamental physical laws
hidden in the mathematics of quantum mechanics that would allow the
theory to recover Einstein’s determinism. Despite a large literature in the
field, no concrete formulation of hidden variables, and related recovering
of Einstein’s determinism, was achieved up to the early 2000’s . Never-
theless, Bohm’s intuition on the lack of final character of the Copenhagen
interpretation of quantum mechanics remained fundamental.

Santilli’s view on Bohm’s hidden variables presented at the 2020 Tele-
conference [0] is essentially the following:

1) Bell’s inequality on the lack of existence of classical images should
be considered valid for the infinite family of unitary equivalence of quan-
tum mechanics. Consequently, the sole known possibility of bypassing
Bell’s inequality and achieving concrete realizations of hidden variables
is the construction of a non-unitary completion of quantum mechanics.

2) Bell’s inequality has been experimentally verified by G. Eigen and
others [13] for electromagnetic interactions of point-like particles in vac-
uum. Consequently, the most promising applications of non-unitary com-
pletions of quantum mechanics are those for strong nuclear interactions
for which quantum mechanics is known to be incomplete (Section 2).

3) As it is the case for Heisenberg’s non-linear theory, and de Broglie-
Bohm on-local theory, Bohm hidden variables should be realized via an
operator— other than the Hamiltonian which is hidden in the axioms of
quantum mechanics.

A geometric interpretation of hidden variables was presented at the
2020 Teleconference by O. A. Olkhov, see contribution [239] and his record-
ed lecture [0].
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6. HADRONIC MECHANICS, CHEMISTRY AND
BIOLOGY.
6.1. Hadronic mechanics.
It is evident that the completion of quantum mechanics according to Ein-
stein, Podolsky and Rosen [1] has implications for all quantitative sci-
ences, including physics, chemistry and biology. In order to initiate an
expectedly long process, in his Ph. D. thesis at the University of Torino,
Italy, in the mid 1960’s, Santilli proposed the completion of quantum me-
chanics for irreversible processes via Lie-admissible completion of the
quantum mechanical Lie algebras [6]-[8] according to A. A. Albert [9],
and continued the studies at Harvard University under DOE support in
the late 1970’s with further developments of the Lie-admissible formula-
tions as well as their Lie-isotopic particularization [19]-[22].

Thanks to important contributions by numerous mathematicians, phy-
sicists and chemists, the above studies achieved in the late 1990’s a com-
pletion/covering of quantum mechanics known as hadronic mechanics
[23]-[28] for a consistent representation of extended particles under non-
linear, non-local and non-Hamiltonian interactions due to wave-overlap-
ping, thus EPR entanglement.

An important feature of the studies herein considered is that the Copen-
hagen interpretation of quantum mechanics resulted as being the simplest
possible realization of quantum axioms, such as associativity, distributivity,
linearity, locality, potentiality, etc., while hadronic mechanics is charac-
terized by the progressive most general possible realizations of said axioms
depending on the complexity of the considered ”elements of reality” [1], ac-
cording to the following:

Classification of hadronic mechanics:

6-1-I) Quantum mechanics, with the familiar Heisenberg’s time evolu-
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tion (2) of an observable A in the infinitesimal form

i
dA

dt
= [A,H] = AH −HA = −[A,H]†, A = A†, H = H†, (9)

and finite form

A(t) = UA(0)U † = eHtiA(0)e−itH , UU † = U †U = I, (10)

characterized by the Lie’s theory with brackets [A,H] for the representa-
tion of stable, thus time-reversal invariant systems of point-like particles
in vacuum via the Hamiltonian H .

6-1-II) Isomechanics (see Refs. [23] [24], reviews in Section 2 of Ref. [25]
and Tutoring Lecture I [143][144]), with the iso-Heisenberg time evolution
in its infinitesimal form (first introduced in Eqs. (18), page 153, Ref. [22]
and called Heisenberg-Santilli isoequation)

i
dA

dt
= [A,̂H] = AT̂H −HT̂A = −[A,̂H]†, T̂ > 0, (11)

and finite form

A(t) = WA(0)W † = eHT̂ tiA(0)e−itT̂H , WW † 6= I, (12)

characterized by the axiom-preserving Lie-Santilli isotheory with brack-
ets [A,̂B] = AT̂B − BT̂A, for the representation of stable (thus time-
reversal invariant) hadrons, nuclei and stars composed by extended, there-
fore deformable constituents in conditions of deep mutual entanglement
with conventional interactions represented with the Hamiltonian H , and
non-linear, non-local and non-potential interactions represented with the
isotopic element T̂ .

6.1-III) Genomechanics (see Refs. [23] [24], reviews in Section 3 of Ref.
[25] and Tutoring Lecture IV [145]), with the geno-Heisenberg equation,
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also called Santilli’s Lie-admissible equation in their infinitesimal form
(first introduced in Eqs. (19), page 153, Ref. [22])

i
dA

dt
= (A,H) = AR̂H −HŜA =

= (AT̂H −HT̂A) + (AĴH +HĴA) 6= −(A,B)†,

R̂ = T̂ + Ĵ 6= Ŝ = −T̂ + Ĵ , T̂ > 0, Ĵ > 0, (13)

and finite form

A(t) = WA(0)W † = eHR̂tiA(0)e−itŜH , WW † 6= I, (14)

characterized by the Lie-admissible/Jordan-admissible theory with prod-
uct (3), for the representation of time-irreversible processes between ex-
tended constituents via: A)The conventional Hamiltonian H for the rep-
resentation of conventional potential interactions; B) The Lie-isotopic op-
erator T̂ for the representation of non-Hamiltonian interactions due to
mutual EPR entanglement as in Case II; and C) The Jordan-isotopic oper-
ator Ĵ for the representation of the external terms in the Lagrange’s and
Hamilton’s equations that are completely missing in the Copenhagen in-
terpretation of quantum axioms.

6.1-IV) Hypermechanics (see Ref. [27] [28] and Tutoring Lecture V
[146]) characterized by the formulation of genomechanics in terms of
T. Vougiouklis Hv hyperstructures [233] for the representation of irre-
versible systems with a large number of extended particles in deep EPR
entanglement.

6.1-V) Isodual quantum, iso-, geno- and hyper-mechanics [29] for
the representation of antiparticles in condition of increasing complexity
via an anti-Hermitean map (called isoduality and denoted with the upper
index d) of the preceding time evolutions, such as

id ×d d
dAd

ddtd
= [Ad, Hd]d = Ad ×d Hd −Hd ×d Ad, (15)
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providing a causal representation of antimatter with negative energy ac-
cording to P. A. M. Dirac [11] because necessary to represent particle-
antiparticle annihilation (see Section 3.4 and Figure 5, contribution [227]
to the 2020 Teleconference and the recorded lecture by A. S. Muktibodh
[0]).

6.2. Hadronic chemistry. Following the achievement of math-
ematical [23] and physical [24] maturity, as well as a number of experi-
mental verifications [25] [26], hadronic mechanics was applied to chem-
istry, resulting in a completion-covering of hadronic chemistry for the
representation of molecules composed by extended constituents in con-
dition of EPR entanglement, called hadronic chemistry [30] which is
also axiom-preserving, thus implying that quantum and hadronic chem-
istry coincide at then abstract realization-free level.

The most important function of hadronic chemistry is to show that the
basic open problems in chemistry listed in Section 3.5 cannot be solved
via quantum chemistry due to its linearity, locality and potentiality. By
contrast, the achievement of an attractive force between identical valence
electrons in molecular bonds has been possible [30] following the ad-
mission of the ”element of reality” [1] given by the non-linearity, non-
locality and non-potentiality of valence electron bonds (Figure 6). This
new strong valence bond has permitted the achievement of exact rep-
resentations of experimental data for the Hydrogen [31], water [32] and
other molecules.

6.3. Hadronic biology. Studies in the field were initiated by
C. R. Illert [176] who proved that a conventional three-dimensional Eu-
clidean space E(r, δ, I), r = (x, y, z), δ = I = Dag.(1, 1, 1) can indeed
represent all possible shapes of seashells, but the representation of their
growth in time requires a three-dimensional two-valued space here denoted
Ê(r̂, δ, I), r̂ = (r̂k), r̂k = (r1k, r

2
k), k = 1, 2, 3.
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In order to initiate the expectedly long process to represent the ex-
treme complexity of the DNA code, and by recalling that all living organ-
isms are irreversible over time, thus requiring genomathematics, Santilli
introduced the representation of biological structures via three-dimensional
multi-valued geno-Euclidean genospaces Ê(r̂, δ̂, Î) over genofields with
genounits having an arbitrary numberN of ordered elements, Î = Diag.(I1,
I2, ..., IN) [34], with classical operations, e.g., the genoproduct of two ob-
servables A > B yields N ordered results [27].

T. Vougiouklis formulated the preceding results via the reformulation
of genomathematics in terms of his Hv-hyperstructures on a hyperfield
formulated in terms of hyperoperations called hopes (see Tutoring Lecture
V [146] and Ref. [233]).

Vougiouklis’ hyperformulation allowed the introduction at the 2020
Teleconference [0] of a new conception of living organisms presented in
Ref. [231] as being composed by a very large number of molecules all in
EPR entanglement, thus being in continuous and instantaneous commu-
nication, resulting in such a complex structure that can only be quantita-
tively represented with the most complex mathematics developed by the
human mind.

It is significative that the 2020 Teleconference [0] ended up with the
view: There is hope that ’hope’ can represent life.

7. VERIFICATIONS OF THE EPR ARGUMENT.
7.1. Foreword.
A main topic of the 2020 Teleconference [0] has been the study of iso-
topic verifications [210]-[214] of the EPR argument [1], namely, verifica-
tions based on the preservation of the basic axioms of quantum mechan-
ics and their most general possible realization which verifications are the
outcome of the life-long research by R. M. Santilli with contributions by
numerous scholars.

In this section, we review the indicated isotopic verifications in a lan-
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Figure 7: This figure provides a conceptual rendering of the central notion used

for the verifications of the EPR argument, namely, the inward ’pressure’ experi-

enced by ’extended’ particles in ’all radial directions’ when immersed in hyper-

dense media, such as a proton in the core of a star, which pressure evidently

restricts uncertainties in favor of Einstein’s determinism first identified in the

1981 paper [47] and then studied in detail in Refs.[210]-[214].

guage as simple as possible, including a rudimentary review of the needed
basic formalism for minimal self-sufficiency of this Overview, as well as
for the specialization of the formalism to the EPR problem.

A central concept of this section is that extended particles immersed
within a hyperdense medium, as it is the case for a proton in the core
of a star, experience a pressure in all radial directions proportional to the
density of the medium (Figure 7) which evidently restricts Heisenberg’s
uncertainties in favor of Einstein’s determinism [1]. Note that such a no-
tion of pressure is completely absent in the 20th century physics due to
the point-like approximation of particles.

With the understanding that the participants to the 2020 Teleconfer-
ence are available for consultations, including this author, it should be
indicated that a full understanding of the isotopic verifications reviewed
in this section requires a technical knowledge of hadronic mechanics [24].
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7.2. Recovering of classical images.
7.2.1. Rudiments of isomathematics. As recalled earlier, Bell [3]
proved the lack of existence of classical images for systems of quantum
mechanical point-like particles with spin 1/2.

Since the systems studied by Bell are described by the time-reversible
Heisenberg law (9)-(10) (Sections 3 and 6), Santilli studied in the 1998
paper [210] systems characterized by isomathematics (Tutoring Lecture
I [143]) and related isomechanics [23] [24] with iso-Heisenberg’s time
evolution (11)-(12) for which the represented systems are equally time-
reversible, yet they admit internal non-linear, non-local and non-potential
interactions represented with the isotopic element T̂ .

Additionally, Bell [3] used the conventional SU(2)-spin symmetry for
the derivation of his result. Consequently, Santilli constructed the Lie-
isotopic completion of the various branches of Lie’s theory, including the
isotopies of universal enveloping associative algebras, Lie algebras, and
Lie groups [22], resulting in a theory nowadays known as the Lie-Santilli
isotheory [21]-[25] [50] [55] [201] (see also contribution [226] to the 2020
Teleconference and the recorded lecture by A. S. Muktibodh [0]).

The foundation of the Lie-Santilli isotheory is given by the universal
isoenveloping isoassociative isoalgebra with isoproduct between arbitrary
quantities A,B (first introduced in Eq.(5), page 71, Ref. [22])

A×̂B = AT̂B, T̂ > 0, (16)

where T̂ , called the isotopic element, is solely restricted by the condition
of being positive-definite, but can otherwise possess an arbitrary (non-
singular) dependence on all needed local variables of interior dynamical
problems, such as a dependence on time t, coordinates r, momentum p,
energy E, density µ, temperature τ , pressure γ, wavefunctions ψ, their
derivatives ∂rψ, etc. T̂ = T̂ (t, r, p, E, µ, τ, γ, ψ, ∂ψ, ...), which dependence
is hereon omitted for brevity.
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It is evident that product (16) verifies the axioms of associativity and
distributivity, although in the following more general form

(A×̂B)×̂C = A×̂(B×̂C),

A×̂(B + C) = A×̂B + A×̂C, (17)

for which reason it is called the isoproduct.
It should be indicated upfront that the primary function of isoproduct

(16) is that of providing novel explicit and concrete realizations of Bohm’s
hidden variables [18] via the the isotopic element T̂ which is ”hidden” in
the associative and distributive laws as clearly indicated by Eqs. (17).

Santilli realized in the early 1978 that, despite its simplicity, isoprod-
uct (16) requires for consistency the isotopic completions of all aspects
of 20th century applied mathematics with no known exception. As an
illustration of the Lie-Santilli isoalgebra, we indicate the isotopic com-
pletion L̂ of an N -dimensional Lie algebra L with Hermitean generators
Xk, k = 1, 2, ..., N, characterized by the isocommutator rules

[X̂î,X̂j] = X̂i×̂X̂j − X̂j×̂X̂i =

= Ĉk
ij(t, r, p, E, µ, τ, ψ, ∂ψ, ...)×̂X̂k, (18)

whose verification of Lie algebra axioms is evident. Nowadays, Lie-
Santilli isoalgebras are classified into regular when the structure quan-
tities Ĉ are constant, and irregular when they are function of the local
variables [55].

It should be noted, as illustrated below, that regular Lie-Santilli isoal-
gebras can be obtained via non-unitary transformations of the original
Lie algebras, while irregular isoalgebras cannot, thus constituting new
realizations of Lie’s axioms.

The elaboration of isocommutation rules (18) with the conventional
mathematics used for Lie’s theory soon proved to lead to serious incon-
sistencies. This occurrence mandated the construction of isomathematics
with the following main features:
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1) The multiplicative unit of quantum mechanics ~ = 1 is no longer
invariant for isomechanics due to its non-unitary structure, Eq. (12). The
consistent multiplicative unit under isoproduct (16) is given by the isounit

Î = 1/T̂ , > 0 Î×̂A = A×̂Î = A; (19)

2) The isotopy of the unit 1 → Î mandates, for consistency, the cor-
responding isotopic completion of numeric fields F (n,×, I) into isofields

F̂ (n̂, ×̂, Î), first introduced in Ref. [33] of 1993, with isonumbers n̂ = nÎ
where n ∈ F equipped with isoproduct (16) and isounit (19);

3) The elaboration of the Lie-Santilli isotheory needs to be done, also
for consistency, via the isofunctional isoanalysis initiated in Refs. [47] [48]
of 1992 (see Refs. [23] [24] for a general treatment) with expressions, for
instance, for the isoexponent

êX = (eXT̂ )Î = Î(eT̂X); (20)

4) Recall that non-unitary transformations on conventional spaces over
conventional fields generally violate causality[24] [212]. To regain causal-
ity, all non-unitary transformations can be reformulated into the isouni-
tary isotransforms

U = Û T̂ 1/2, UU † 6= I → Û×̂Û † = Û †×̂Û = Î , (21)

for which the non-unitary time evolution(12) is identically reformulated
in the correct isounitary form

A(t) = Ŵ ×̂A(0)×̂Ŵ † = êHti×̂A(0)×̂ê−itH ,
Ŵ ×̂Ŵ † = Ŵ †×̂Ŵ = Î; (22)

5) For consistency, scalar quantities must be elements of isofields, with
ensuing expression for isocoordinates r̂ = rÎ and generic expression for
isofunction

f̂(r̂) = [f(rÎ)]Î; (23)
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6) Also for consistency, Lie-Santilli isoalgebras must be formulated on
isospaces over isofields, (first formulated in Ref. [34] with reference, as an
illustration, for non-relativistic formulations to the iso-Euclidean isospace
Ê(r̂, δ̂, Î) with isocoordinates r̂ = rÎ, r = (x, y, z), isometric δ̂ = (T̂ δ)Î
where δ = Diag.(1, 1, 1) and isoinvariant as an element of the isofield of
isoreal isonumbers R̂

r̂2̂ = r̂i×̂δ̂i,j×̂r̂j = (
x2

n2
1

+
y2

n2
2

+
z2

n2
3

)Î , (24)

and the iso-Minkowski isospace for relativistic treatments M̂(x̂, η̂, Î), with
space-time isocoordinates x̂ = xÎ = (x, y, z, t)Î , space-time isometric η̂ =
T̂ η, η = Diag.(1, 1, 1,−1) and space-time isoinvariant

x̂2̂ = x̂µ×̂η̂µν×̂x̂ν = (
x2

n2
1

+
y2

n2
2

+
z2

n2
3

− t2 c
2

n2
4

)Î; (25)

7) Since the multiplicative isounit is generally dependent on local iso-
coordinates, Î = Î(r̂, ...), the elaboration of Lie-Santilli isoalgebras via the
conventional Newton-Leibnitz calculus leads to axiomatic inconsisten-
cies (see also Section 7.3), and must be lifted into the isodifferential isocal-
culus, first introduced by Santilli in Ref. [34] (see also monographs. [207],
contributions [222] [223] to the 2020 Teleconference, and the recorded lec-
tures by S. Georgiev [0]), with basic isodifferential

d̂r̂ = T̂ d[rÎ(r, ...)] = dr + rT̂ dÎ ′ (26)

and isoderivatives
∂̂f̂(r̂)

∂̂r̂
= Î

∂f̂(r̂)

∂r̂
; (27)

8) Contrary to a popular belief that isomathematics is excessively com-
plex for physicists, all aspects of (regular) isomathematics can be very easily
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constructed via a non-unitary transform of the corresponding aspect of 20th
century applied mathematics. For instance, the trivial unit 1 can be trans-
formed into the isounit Î , the conventional associative product AB can
be transformed into the isoproduct AT̂B, etc. [35]

1→ U1U † = Î = 1/T̂ 6= I, T̂ = (UU †)−1,

AB → U(AB)U † = (UAU †)(UU †)−1(UBU †) = A′T̂B′,

EX → êX = (eXT̂ )Î = Î(eT̂X), etc.; (28)

9) The crucial invariance of the numeric values of the isounit and iso-
topic element representing non-Hamiltonian interactions is verified by
the appropriate time evolution, the isounitary form (21)-(22) [35]

Î → Û×̂Î×̂Û † = Î ′ ≡ Î ,

A×̂B = AT̂B → Û×̂(A×̂B)×̂Û † = A′×̂′B′ = A′T̂ ′B′, T̂ ′ ≡ T̂ . (29)

Following the isotopic completion of Lie’s theory in the period 1978-
1982 [19]-[22], the step-by-step isotopies of conventional space-time math-
ematics, Santilli constructed in Refs. [60]-[70] the isosymmetries leaving
invariant isospacetime (26).

These studies established that, rather then being violated for line el-
ement (25), the Lorentz symmetry remains valid because its isotopic im-
age ŜO(3.1) is isomorphic to the original symmetry SO(3.1) [60], and the
same holds for all continuous as well as discrete space-time symmetries
[23] [24].

We here merely recall for future comments: the Lorentz-Santilli iso-
transformations introduced in the 1983 paper [60], here indicated in the
(3, 4)-plane (see Ref. [24] for their full formulation)

x1
′
= x1, x2

′
= x2,
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x3
′
= γ̂(x3 − β̂ n3

n4

x4), x4
′
= γ̂(x4 − β̂ n4

n3

x3), (30)

where
β̂ =

v3/n3

c/n4

, γ̂ =
1√

1− β̂2

; (31)

the second order iso-Casimir invariant of the Lorentz-Poincaré-Santilli
isosymmetry [ 66]-[69]

Ĉ2 = (η̂µνPµPν)Î
c =

(n2
1P

2
1 + n2

2P
2
2 + n2

3P
2
3 − n2

4P
2
4 )Îc = m2C2, (32)

where, from line element (25), C s the local speed of light left invariant
by isosymmetry (30),

C =
c

n4

, (33)

and Îc is now the contravariant isounit, thus being equal to T̂ ,

Îc = T̂ = 1/T̂ c = Diag.(
1

n2
1

,
1

n2
2

,
1

n2
3

1

n2
4

); (34)

and the iso-Klein-Gordon isoequation [24] derivable from iso-Casimir in-
variant (32) which, for the simplest possible assumptions nk = 1, k =
1, 2, 3, ~ = 1 and m4 is a positive quantity given by

(−1

c

∂2

∂t2
+

1

n2
4

5)T̂ cψ̂(x̂) =

= (
m2

n2
4

c2

n2
4

)T̂ cψ̂(x̂) = (m̄2C2)T̂ cψ̂(x̂), (35)

where
m̄ =

m

n2
4

(36)
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is the isorenorrmalized energy of an extended particle within a physical
medium with n2

1 = n2
2 = n2

3 = 1 holding for the particular case in which
the particle is perfectly spherical and the medium is homogeneous and
isotropic [24] (see the formal treatment in Section 8.4.4, Eq. (133) of Isoax-
iom IV).

Finally, the isotopies ŜU(2) of the SU(2)-spin symmetry were con-
structed in Refs. [64] [65] (see the review in Section 3, Ref.[213]).

7.2.2. Recovery of classical images. Thanks to the above advances,
Santilli introduced in paper [210] the following simplest possible realiza-
tion of Bohm’s hidden variables

ÛU † = Diag(λ, 1/λ) 6= I, DetÎ = 1, λ > 0, (37)

applied to Pauli’s matrices

σk → σ̂k = UσkU
†, (38)

with explicit form called Pauli-Santilli isomatrices

σ̂1 =

(
0 λ−1

λ 0

)
, σ̂2 =

(
0 −iλ−1
iλ 0

)
,

σ̂3 =

(
λ 0
0 −λ−1

)
,

(39)

with regular isoalgebra

[σ̂î,σ̂j] = σ̂iT̂ σ̂j − σ̂jT̂ σ̂i = i2εijkσ̂k, (40)

establishing the isomorphism ŜU(2) ≈ SU(2), and isoeigenvalue isoequa-
tions (where all products, thus including squares, are isotopic)

σ̂3×̂|b̂ >= ±|b̂ >, (41)
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σ̂2̂ = (σ̂1T̂ σ̂1 + σ̂2T̂ σ̂2 + σ̂3T̂ σ̂3)T̂ |b̂ >= 3|b̂. (42)

thus confirming the spin 1/2 for isoparticles, namely, extended particles
in deep EPR entanglement which are characterized by isounitary isoirre-
ducible isorepresentation of the Lorentz-Poincaré-Santilli isosymmetry
P̂ (3.1) [66]-[69] (see Section 2 of paper [213] for a review).

Bell’s proof of the lack of existence of classical images for two parti-
cles with spin 1/2 is reduced a quantum mechanical (qm) quantity Dqm

which, when computed via the use of Pauli’s matrices, verifies the ex-
pression

Dqm ≤ 2. (43)

Santilli conducted in paper [210] a step-by-step non-unitary/isounitary,
transformation of Bell’s derivation along rules (28) for two isoparticles
described by hadronic mechanics (hm) with Bohm’s hidden variables
λ1, λ2 in realization (37), resulting in the following property

Dhm =
1

2
(
λ1
λ2

+
λ2
λ1

)Dqm. (44)

Since the factor 1
2
(λ1/λ2 + λ2/λ1) can assume values arbitrarily larger

than 2, Santilli proved in Ref. [210] that a systems of isoparticles with spin
1/2 in condition of mutual penetration, thus EPR entanglement and ensu-
ing non-Hamiltonian interactions does admit classical images with specific
examples identified in paper [210].

The invariance of the results under the the time evolution of the the-
ory was also proved according to rules (39).

7.2.3. Realization of the EPR entanglement. It should be noted that
realization (28) of hidden variables is indeed the most elementary pos-
sible because the notion of EPR entanglement (Figure 1) is characterized
by the isotopic element T̂ with realization for the hadronic bound state of
two isoparticles (such as the Deuteron) of the type

T̂ = Πk=1,2Diag.(1/n
2
1k, 1/n

2
2k, 1/n

2
3k, 1/n

2
4k)×
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×exp[−Γ(ψ, ψ̂, ...)] > 0, (45)

where n2
kα, , α = 1, 2, 3, k = 1, 2,where: n2

αk = 1 represents the deformable
semi-axes of the extended k-particle normalized to the values for the
sphere; n2

4k represents the density of the k-particle normalized to the
value n2

4k = 1 for the vacuum; and the exponent is a positive-definite
function representing non-linear, non-local and non-potential interactions
with realizations of the type

exp[−Γ(ψ, ψ̂, ...)] = exp[−|ψ/ψ̂|
∫
ψ̂1ψ̂

†
2d

3r, ] (46)

where ψ is a quantum mechanical wave function, and ψ̂ is the completed
wavefunction under isotopy.

In conclusion, Ref. [210] has shown that the historical intuition of hid-
den variable by David Bohm [18] is correct and truly fundamental because
it characterizes the completion of quantum into hadronic mechanics re-
sulting in a basically new notion of particle entanglement with momen-
tous applications indicated in the next sections.

It should be indicated that realization (45) of the isotopic element con-
stitutes the first known explicit representation of strong interactions, in
view of its capability of representing all data for the Deuteron and other
nuclei (Section 8.2.5).

More generally, the isotopic element constitutes an explicit and concrete
realization of the ’fifth interactions’ here referred to the infinite family of
interactions that are not representable with a Hamiltonian.

Some cosmological implication of the EPR argument originating from
the classification of elementary particles via diagrams of the geometric
SU(3) algebra was presented at the 2020 Teleconference [0] by E. Trell
(eee contributed paper [232]).

7.3. Recovering of Einstein’s determinism.
7.3.1. Rudiments of isomechanics. The proof of the recovering of Ein-
stein’s determinism achieved in the 2019 paper [211] requires the use of
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Figure 8: Experimental evidence establishes that the wavepacket of particles has

approximately the same size 10−13 cm as that of all hadrons (top left). Conse-

quently, hadrons are composed by wavepackets in deep EPR entanglement (Sec-

tions 3.1 and 7.2.3) called ’hadronic medium.’ A corresponding structure holds for

nuclei, stars and black holes due to partial or deep mutual penetration of hadron

constituents. The realization via the isotopic element of hadronic mechanics of

the pressure exercised by the hadronic medium on individual constituents (Figure

7) implies the progressive weakening of Heisenberg’s uncertainties first identified

in Ref. [47] of 1981, with progressive recovering of Einstein’s determinism [1] in

the structure of hadrons, nuclei and stars and its full recovering at the limit of

gravitational collapse studied in detail in Refs. [210]-[214]. Note that Heisen-

berg’s uncertainties remain valid for the center of mass of hadrons, but not so for

black-holes, thus illustrating the indicated full recovering of Einstein’s determin-

ism.
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isomathematics outlined in the preceding section plus the use of isome-
chanics [24] whose basic elements can be briefly outlined for the non-
initiated reader as follows:

1) The basic unit of isomechanics is given by the completion of Planck’s
unit ~ = 1 into the isounit Î which is the inverse of the isotopic element
(45)

Î = 1/T̂ = Πk=1,2Diag.(n
2
1k, n

2
2k, n

2
3k, n

2
4k) > 0, (47)

where exponent (46) is incorporated into the n-characteristic quantities.
Isounit (47) represents the volume and density of isoparticles as well as the
impossibility for extended protons in the core of a star to solely have dis-
crete energy exchanges due to the extreme local densities and pressures,
in favor of integro-differential energy exchanges;

2) The Lie-Santilli isotheory has be formulated on a Hilbert-Myung-

Santilli isospace [45] Ĥ over the isofield of isocomplex isonumbers Ĉ [33];
3) Isostates ψ̂(r̂) ∈ Ĥ should have isonormalization

< ψ̂(r̂)|×̂|ψ̂(r̂) >=< ψ̂(r̂)|T̂ |ψ̂(r̂) >=

=

∫ +∞

−∞
ψ̂†(r̂)T̂ ψ̂(r̂)d̂r̂ = T̂ , (48)

were one should note the need for isointegrals and isodifferentials (23);
4) The isoexpectation values of an observable A are given by

<̂A>̂ =< ψ̂(r̂)|×̂A×̂|ψ̂(r̂) >=< ψ̂(r̂)|T̂AT̂ |ψ̂(r̂) >; (49)

5) The realization of the linear momentum on isospaces over isofield
via the conventional differential calculus leads to major inconsistencies.
The correct formulation of the isolinear isomomentum is that via isoderiva-
tive (27) and it is given by

p̂×̂ψ̂(r̂) = −î×̂∂̂r̂ψ̂(r̂) = −iÎ∂r̂ψ̂(r̂), (50)



65

thus providing a forceful illustration of the need for the novel isodiffer-
ential calculus [34];

6) The isocanonical isocommutation rules are consequently given by

[ri ,̂pj] = î×̂δ̂ij = iÎδij, [ri ,̂rj] = [pî,pj] = 0, (51)

by illustrating that isomechanics is isolinear, that is, linear on isospace
over isofields because [pî,pj] = 0, although the theory is highly non-linear
when projected into our conventional spaces over conventional fields be-
cause, in that case, [pi, pj] 6= 0;

7) The iso-Schrödinger isoequation (also called Schrödinger-Santilli isoe-
quation) is then given by [20]-[24]

Ĥ×̂ψ̂(r̂) = [− 1

2m
4̂r̂ + V̂ (r̂)]×̂ψ̂(r̂) = Ê×̂ψ̂(r̂) = Eψ̂(r̂), (52)

and now represents extended, deformable and hyperdense particles at
all levels, including isocoordinates r̂, isostates ψ̂(r̂), isotopic element T̂ ,
isopotentials V̂ (r̂) iso-Laplacian 4̂r̂, etc. In particular, isostates verify the
isosuperposition principle on isospaces over isofields

ψ̂(r̂) = Σk=1,2ψ̂k(r̂), (53)

because the theory is isolinear as indicated above. Therefore, hadronic
mechanics resolves the inability by Heisenberg’s non-linear completion
of quantum mechanics [16] to represent the constituents of a bound state
of particles with non-linear internal forces discussed in Section 5.

7.3.2. Confirmation of the EPR argument. It is evident that the
recovering of classical images in paper [210] established the foundation
for the recovering of Einstein’s determinism. These studies were initiated
by Santilli in the 1981 paper [47], continued in various papers due to
the need to achieve maturity in the formulation of isomathematics (see
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monographs [23] [24]), and concluded in the 2019 paper [211] via the
following simple isotopy of the conventional derivation of Heisenberg’s
uncertainties

∆r∆p =
1

2
| < ψ̂(r̂)|×̂ [r̂̂,p̂] ×̂|ψ̂(r̂) >≈ 1

2
T̂ � 1, (54)

where the property T � 1 is established by all fits of experimental data
to date [25] [26] (see Section 7.6 for the analytic aspects).

By recalling that the value of the isotopic element is inversely propor-
tional to the increase of the density [211], isodeterministic principle (47)
establishes the progressive validity of Einstein’s determinism in the inte-
rior of hadrons, nuclei and stars, and its full achievement in the interior of
gravitational collapse (Figure 8).

The latter result is due to the fact that the isotopic element admits
a realization in terms of the space component of Schwartzchild’s metric
[211]

T̂ =
1

1− 2M
r

=
r

r − 2M
, (55)

where M is the gravitational mass of the body considered with ensuing
isodeterministic isoprinciple

∆r̂∆p̂ ≈ T̂ =
r

r − 2M
⇒r→0= 0. (56)

Note that the center-of-mass of hadrons and nuclei verifies quantum
uncertainties while that for stars and gravitational collapse verifies clas-
sical determinism.

Note also that isodeterministic principle (54) holds for the infinite
class of isounitary time evolutions of the theory, Eqs. (29).

7.4. Achievement of attractive force between valence
electrons.
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Figure 9: A conceptual rendering of the ’attractive’ force between ’identical’ elec-

trons in valence pairs first identified in Chapter 4 of the 2001 Ref. [30] against

their very big Coulomb repulsion, Eq. (6), thanks to the representation of the ex-

tended character of the electron wavepackets via isomathematics and isochemistry

with ensuing total EPR entanglement of the electrons. Note that this achievement

proves the last statement of the EPR argument to the effect that quantum wave-

functions cannot represent ’all elements of reality’ [1].

A. Einstein, B. Podolsky and N. Rosen ended their historical paper [1]
with the statement: “While we have thus shown that the wavefunction does
not provide a complete description of the physical [and we add chemical]
reality, we left open the question of whether or not such a description exists.
We believe, however, that such a theory is possible.”

In Section 3.5, we indicated that a primary insufficiency of quantum
chemistry is the lack of an attractive force between the identical electrons
in valence coupling, Eq. ( 5), and that their repulsive force is so big, Eq. (6),
to prevent any realistic hope to achieve an attractive force via quantum
chemistry due to its linear, local, Hamiltonian and unitary structure.

In monograph [30] of 2001, particularly Chapter 4, Santilli achieved
the needed attractive force between identical valence electrons via a non-
unitary/isounitary completion of the wavefunction of quantum mechanics
which is a direct verification of the final EPR statement quoted above



68

(see Figure 9 and Section 5 of paper [214]).
The above result can be outlined as follows. Assume that the electrons

are perfectly spherical for which n2
k = 1, k = 1, 2, 3, and that their density

is ignorable for which n1
4 ≈ 1. Consider then a non-unitary transforma-

tion with the following simple realization of Eqs. (45)(46)

Î = UU † = e
Vhm
Vqm ≈ 1 +

Vhm
Vqm

T̂ = (UU †)−1 = e
−Vhm

Vqm ≈ 1− Vhm
Vqm

(57)

where Vhm is a quantum mechanical (qm) potential, for instance, the re-
pulsive Coulomb potential, and Vhm is a strongly attractive potential of
hadronic mechanical (hm), such as the Hulten potential,

Vqm = +
e2

r

Vhm = −W e−br

1− e−br , (58)

where W is a normalization constant.
It is then easy to see that a non-unitary transformation can turn the

quantum mechanical repulsion between valence electrons into the attraction
needed to represent the ”element of reality” given by valence bonds

UVqmU
† ≈ Vqm(1 +

Vhm
Vqm)

= Vqm + Vhm =

= +
e2

r
−W e−br

1− e−br ≈ K
e−br

1− e−br (59)

where the last step is due to the fact that the Hulten potential behaves
at short distances like the Coulomb potential [20]. However, the former
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is much stronger than the latter, by therefore allowing the absorption of
the Coulomb potential into the Hulten potential irrespective of whether
the Coulomb potential is attractive or repulsive. In this way, the final
equation solely shows the Hulten potential with the new, positive, renor-
malization constant K (see page 833 of Ref. [20], Chapter 4 of Ref. [30],
and paper [56]).

To achieve the corresponding iso-Schrödinger equation, recall rules
(28) for the nonunitary transformation of the linear into the isolinear mo-
mentum

Upψ(r)U † = UpU †(UU †)−1Uψ(r)U † = p̂×̂ψ̂(r̂) =

= −î×̂ ∂̂

∂̂r̂
ψ̂(r̂) = −iÎ∂r̂ψ̂(r̂). (60)

Under the above properties, the application of non- unitary transfor-
mation (57) to the conventional Schrödinger equation (5) for the valence
electron pair with repulsive force then yields the iso-Schrödinger equa-
tion for their attraction as in the physical reality, which we write in its
projection into the conventional Hilbert space over the field of complex
numbers (see Section 2 of Ref. [214] for its detailed derivation)

(− 1

m̄
∆̂r −Ke

−br

1−e−br )ψ̂(r) = Eψ̂(r), (61)

where vm̄ is the reduced form of isorenormalized masses, Eq. (56).
The above results confirm the final statement by Einstein, Podolsky

and Rosen quoted above because the wavefunctionψ(r) of quantum chem-
istry cannot represent the physical reality of the attraction between the
identical valence electrons in molecular bonds in favor of its comple-
tion into the isowavefunction ψ̂(r̂) of hadronic chemistry. A more recent
derivation of the attraction between valence electrons is available in Sec-
tion 2.8 of paper [214].
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It should be indicated that valence electron bonds appear to be one of
the most significant realizations of the EPR entanglement (Figure 1 and
Section 7.2.3) apparently occurring at the limit of null mutual distance with
a considerable broadening of the implications of entanglement in physics,
chemistry and biology. In fact, by merely admitting the evidence, we
learn that the entanglement of wavepackets allows particle to influence
each other at a distance, we learn from isotopic element (37)-(39) that
entanglement plays a crucial role in nuclear forces (see also Section 8),
and we now learn that, at the limit of null mutual distance, entanglement
may alter the very characteristics of particles, a feature called mutation,
which is evidently needed to turn a natural repulsion into an attraction.

It may be of some interest to note that the indicated mutation of va-
lence electrons can be quantitatively represented by the transition from
particles characterized by a unitary irreducible representation of the spino-
rial covering of the Poincaré symmetry P(.) into isoparticles characterized
by isounitary isoirreducible isorepresentations of the Lorentz-Poincaré-
Santilli-isosymmetry P̂(.) [66] - [69] (see reviews Ref. [213]).

In fact, the transition from P(.) to P̂(.) implies, in general, a mutation
of all intrinsic characteristics of entangled particles also called isorenor-
malization because caused by the isotopic element representing non-Hamil-
tonian interactions. When the entanglement is limited, as occurring in a
nuclear structure, the spin 1/2 of the constituents is maintained, but when
the entanglement is total, as occurring in valence bonds, all characteris-
tics of the particles are expected to be mutated, including the charge.

7.5. Removal of quantum divergencies.
Recall that the divergencies of quantum mechanics originate on the sin-
gularity of Dirac’s delta function

δ(r) =
1

2π

∫
−
∞+∞eikrdk, (62)

at the origin r = 0.
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It is easy to see that there exist an isotopic element for which the singu-
larity at the origin r = 0 is removed for the Dirac-Myung-Santilli isodelta
isofunction [45] (see also Refs. [47] - [51]), as illustrated by the following
simplest possible formulation

δ̂(r) =
1

2π

∫
−
∞+∞êikrd̂k =

1

2π

∫
−
∞+∞eiT̂ krdk. (63)

Similarly, recall that the isotopic product A ? B = AT̂B must be ap-
plied to the totality of the products, thus including all products appearing
in perturbative series. But the isotopic element T̂ has very small values
in all known applications. Consequently, perturbative series that are gen-
erally divergent in quantum mechanics and chemistry are turned under
isotopy into strongly convergent series. This is illustrated by fact that,
given a divergent perturbative series

A(t) = A(0) + (AH −HA)/1! + ....→∞, (64)

there always exist a value of the isotopic element T̂ causing the strong
convergence of the isotopic series

A(t) = A(0) + (AT̂H −HT̂A)/1! + .... = K �∞, T̂ � 1. (65)

Consequently, the validity of Einstein’s[ determinism per Section 7.3 im-
plies the removal of quantum mechanical divergencies (see Corollary 3.7.1,
page 128, Ref. [213]).

The actual verification of the above important property has been pro-
vided by D. D. Shillady and R. M. Santilli in papers [31] [32] with the
proof that the perturbative series of hadronic chemistry converge at least
one thousand times faster than the corresponding quantum chemical series.

In Santilli’s view, the above rapid convergence of calculations for the
EPR entanglement is an important advantage over the conventional quan-
tum entanglement, particularly for applications such as that for comput-
ers based on the entanglement of electrons.
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Note that the new computers are called in this Overview EPR comput-
ers, instead of ’quantum computers’, due to the impossibility by quan-
tum mechanics to provide a representation of the entanglement of elec-
trons discussed throughout this work.

7.6. Representation of irreversible processes. As indicated
in Section 3.3 and Figure 4, the insufficiency of quantum mechanics that
stimulated Santilli’s lifelong research on the completion of quantum me-
chanics according to the EPR argument [1] is the inability to represent
time-irreversible events, including energy-releasing processes, due to the
invariance under anti-Hermiticity of the Lie brackets for Hermitean op-
erators , [A,B] = −[A,B]†.

The above occurrence stimulated the construction of the Lie-admissble
branch of hadronic mechanics [6]-[9], [19]-[25], [38]-[39], with time evo-
lution (13)-(14) (see Section 2 of Ref. [212] for a review).

Discussions during the 2020 Teleconference [0] established that geno-
topic elements R̂ and Ŝ represent the external terms F > 0 in Lagrange’s
and Hamilton’s equations

d

dt

∂L(t, r, v)

∂v
− ∂L(t, r, v)

∂r
= F (t, r, v),

dr

dt
=
∂H(t, r, p)

∂p
,

dp

dt
= −∂H(t, r, p)

∂r
+ F (t, r, p). (66)

In fact, in his Ph. D. thesis of the mid l960s [6]-[8], Santilli accepted
the EPR argument [1] on the lack of completeness of quantum mechan-
ics because quantum mechanics cannot represent the external terms F of
Lagrange’s and Hamilton’s analytic equations which is the analytic rep-
resentation of the irreversibility of nature.

Santilli noted that the brackets (A,F,H) of the classical time evolution
with the external terms

dA

dt
= (A,H, F ) =

∂A

∂r

∂H

∂p
− ∂H

∂r

∂A

∂p
+
∂A

∂r
F, (67)
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violate the right distributivity and scalar laws, thus prohibiting the con-
struction of a completion of quantum mechanics characterized by an al-
gebra as understood in mathematics.

Therefore, Santilli turned brackets (67) into the identical but bilinear
form verifying the axioms of an algebra

dA

dt
= (A,H) =

∂A

∂r

∂H

∂p
− ∂H

∂r
S
∂A

∂p
,

S = 1− F

∂H∂r
. (68)

The algebra characterized by the new brackets (A,H) turned out to be
Lie-admissible according to Albert [9].

In subsequent works, Santilli studied the Lie-admissible, operator im-
age of brackets (57) with the following realization of the genotopic ele-
ments R̂ and Ŝ

i
dA

dt
= (A,H) = A < H −H > A =

= AR̂H −HŜA = AH −HA− AF,
R = 1, Ŝ = 1− F/H, (69)

that was proved in paper [41] to be directly universal for the representation
of all possible (non-singular) non-conservative, thus irreversible systems
(”universality”) directly in the coordinates of the experimentalist (”direct
universality”) without any need for the transformation theory.

Note that the isotopic element T̂ is a particular case of the genotopic
element Ŝ and that, in numeric values, F < H . Consequently, Eqs. (69)
establish the analytic origin of the important property that the isotopic ele-
ment is smaller than 1, T̂ = 1 − F/H < 1 which property is important for
the regaining Einstein’s determinism.
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Additionally, Eqs. (69) provide a quantitative identification of the in-
sufficiency of quantum mechanics for nuclear fusions, evidently given by
the absence in the quantum mechanical time evolution of the extra term AF
representing irreversibility.

It is important to clarify that, despite the lifting of Lie into Lie-admissible
algebras, quantum mechanical axioms are indeed preserved. This im-
portant property can be best seen in the axiomatic representation of irre-
versible systems via Lie-admissible formulations whose main aspects are
the following.

A tacit assumption of quantum mechanics is that the product of a
quantity A times B to the right A→ B is equal to the product of B times
A to the left A ← B = A → B (which property is different than commu-
tativity AB = BA), and the same property holds for isomechanics.

In Lie-admissible formulations, motion forward (backward) in time
is represented by the axiom restricting all products to be ordered to the
right A > B (to the left A < B). The representation of irreversibility is
then assured when the numeric values of the two products are different,
A > B 6= A < B. This results in the following ordered products and units
called genoproducts and genounits to the right and to the left

A > B = AR̂B, Î> = 1/R̂,

A < B = AŜB, Î< = 1/Ŝ,

R̂ > 0, Ŝ > 0, R̂ 6= Ŝ. (70)

The above basic assumptions imply the duplication of isomathemat-
ics and related isomechanics, one for product to the right and one for
product to the left whose review is omitted for brevity [24]. The combi-
nation of forward and backward mathematics and mechanics are known
as genomathematics and genomechanics.

An important point is that the abstract axioms of quantum mechanics
remain fully valid for each direction of time, including the preservation of the
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abstract axioms of numeric fields [33], functional analysis [23] differential
calculus [34], etc, merely realized in a time-ordered isotopic form.

It is generally believed that genomathematics and genomechanics are
too complex for physicists. This is unfortunate because, as shown in Ref.
[35], the construction of genomathematics is truly elementary. The com-
pletion of a quantum mechanical model of nuclear fusion into a form
inclusive of irreversibility, is given by subjecting �all quantum mechanical
quantities and operations to the following two non-unitary transforma-
tions U and W , including Planck’s unit ~ = 1, products, etc.

1→ Î> = U1W † = 1/Ŝ,

1→ Î< = W1U † = 1/R̂,

AB → U(AB)W † = (UAW †)(UW †)−1(UBW †) = AŜB = A > B,

AB → W (AB)U † = (WAU †)(WU †)−1(WBA†) = AR̂B = A < B. (71)

As illustrated in the next section, the treatment of energy releasing
processes via the Lie-admissible branch of hadronic mechanics has been
done via the simple, dual, non-unitary transformation (71) of quantum
mechanical models.

7.7. EPR completion for matter-antimatter annihila-
tion.
As indicated in Section 3.4 and Figure 5, the additional insufficiency of
quantum mechanics studied at the 2020 teleconference [0] has been the
apparent impossibility of representing the mechanism of particle-antipar-
ticle annihilation via the conventional charge conjugation, Eq. (4).

This insufficiency lead Santilli to propose in papers [62] [63] of 1985
a fifth EPR completion of quantum mechanics, that characterizes the isod-
ual map (denoted with an upper symbol d) which is also an anti-Hermitean
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map like charge conjugation, but it is applied to the totality of the quanti-
ties Q representing particles and their operations with no known excep-
tion, such as

Q(t, r, E, ψ, ...)→ Qd(td, rd, Ed, ψd, ...) =

= −Q†(−t†,−r†,−E†,−ψ†, ...). (72)

The above map implies that antiparticles have the negative energyEd =
−E < 0 predicted by Dirac [11] which is necessary to represent particle-
antiparticle annihilation [29].

The novel mathematics characterized by isodual map (72) is known
as isodual mathematics [29] [57], and it is based on the isodual unit

1d = −1, (73)

isodual numbers [33]
nd = n1d = −n, (74)

isodual product

A×d B = AT dB = −AB, 1d = 1/T d = −1, (75)

isodual spacetime

xd2d = xdµ ×d ηdµν ×d xdν = −x2, (76)

and isodual image of 20th century applied mathematics [34] [32].
On axiomatic grounds, isodual mathematics resolves the violation of

causality by particles with negative energy identified by Dirac [11] be-
cause negative energies referred to negative units are as causal as positive
energies referred to positive units, and the same holds for time and other
physical quantities.
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On experimental grounds, the isodual map is equivalent to charge
conjugation at the particle level. Consequently, the isodual theory of anti-
matter represents all available experimental data in particle physics [32].

A basic novelty of the isodual theory of antimatter is that isodual-
ity (72) predicts that antimatter emits a new light called isodual light [75]
whose characteristics are all opposite to those of matter emitted light,
thus implying new annihilations of the type

e− + e+ → γ + γd. (77)

which are independently requested by the symmetry of Dirac’s equation
and of the l. h. s. of the above decay known as isoselfduality, namely, the
invariance under the isodual map (72) [32].

In particular, light emitted by antimatter is predicted not to be visible by
any Galileo-type refractive telescopes with convex lenses available on Earth
or in terrestrial orbits, because it requires for its detection a basically new
type of telescopes currently under development. The cosmological im-
plications of the isodual theory of antimatter are discussed in debate [76]
and Ref. [163].

8. APPLICATIONS OF EPR COMPLETIONS

8.1. Foreword.
Following various requests, in this section we provide an outline of the
novel applications permitted by the recent verifications [210]-[214] of the
EPR argument [1] in: nuclear physics (Section 8.2), chemistry (Section
8.3), relativities (Section 8.4), and high energy scattering experiments (Sec-
tion 8.5).

Since the outline presented in this section is mainly conceptual with
a bare minimum of quantitative treatments, the study of the quoted lit-
erature is essential for a serious understanding of the treated topics. In
addition, the literature in the field is quite vast by therefore forcing us for
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brevity to quote only the originating papers. Comprehensive bibliogra-
phies can be obtained from the quoted reviews.

Needless to say, the fundamental methods of this section are the iso-,
geno- and hyper-mathematics, with particular reference to the iso-, geno-
and hyper-completions of Lie’s theory, and corresponding iso-, geno- and
hyper-mechanics and chemistry [21]-[30]. To assist the non-initiated reader,
Tutoring Lectures in the above methods have been provided in Refs.
[143]-[146].

In inspecting this section, interested readers should keep in mind that
the basic axioms of 20th century theories are preserved in their entirety,
and merely subjected to the broadest possible realization.

Consequently, this section is intended to illustrate the remarkable broad-
ening of the prediction and representational capabilities of the basic ax-
ioms of 20th century theories, as well as to point out that technically un-
substantiated criticisms of the applications reviewed in this section are,
in reality, criticisms on 20th century theories.

Another important aspect needed for the understanding of the appli-
cations herein reviewed is that 20th century theories have one single for-
mulation, the conventional one. By contrast, their isotopic completions
have two formulations, that on isospaces over isofield and their projection
on conventional spaces over conventional fields.

Recall that 20th century Hamiltonian interactions between point-like
particles cause alterations of the characteristics of particles called renor-
malization. It is known since the original 1978 proposal to construct hadronic
mechanics that contact non-Hamiltonian interactions between extended
particles causes different alterations of the characteristics of particles called
isorenormalizations (see Section 5 of Ref. [20], and Refs [23] [24]). The
latter renormalizations are triggered by the isotopic element T̂ . Conse-
quently, the conventional notion of particle is no longer applicable under
EPR completion in favor of the covering notion of isoparticles pointed out
in the preceding section [66]-[70].
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As an illustration, the assumption that the particles in a valence bond
are ordinary electrons leads to major inconsistencies that remain unde-
tected by the non-initiated reader. Similarly, the assumption that the par-
ticles in the synthesis of the neutron from the hydrogen in the core of stars
are conventional protons and electrons leads to inconsistencies so serious
to prevent a consistent synthesis in disagreement with the experimental
evidence on the existence of the neutron synthesis in nature.

8.2. Applications of EPR completions in nu-
clear physics.

8.2.1. Representation of nuclear magnetic moments. As
it is well known, the magnetic moment of a rotating charged sphere in-
creases (decreases) when said sphere is deformed into an oblate (prolate)
spheroid while keeping constant its angular momentum. Enrico Fermi,
Victor Weisskopf and other founders of nuclear physics suggested in the
1940’s that the anomalous values of nuclear magnetic moments (Section
3.2 and Figure 2) may be due to a deformation of the charge distribution
of protons and neutron caused by strong nuclear interactions.

Despite its manifestly plausible character and authoritative origina-
tion, the hypothesis of the deformability of nucleons has not yet been
accepted by the mainstream physics community to date (with due ex-
ceptions) because it would require a modification of quantum mechanics
essentially along the EPR argument [1]. In any case, point-like particles
cannot be deformed.

The Lie-isotopic completion of quantum mechanics with two-body
isounit (45), related deformation of charge distributions (Figure 10), and
exact representation if the Deuteron magnetic moment first achieved in
Ref. [40] of 1994, have been proposed to honor the legacy by Fermi, Weis-
skopf and others without altering the basic axioms of quantum mechan-
ics.
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Figure 10: The top view illustrates the deformation of the proton and the neu-

tron in the Deuteron structure that permitted the first exact representation of the

deuteron magnetic moment in Ref. [40] of 1994. The bottom view illustrates

the representation of the total magnetic moment of the deuteron as a three-body

hadronic bound state achieved in subsequent works [214]. Note that both views

have insufficiencies for the representation of the spin 1 of the Deuteron that are

resolved in Section 8.2.5 and Figure 13.

However, in so doing the constituents of nuclei are no longer point-
like protons and neutrons per 20th century definition, but extended, thus
deformable isoprotons p̂+, isoneutrons n̂0, or isonucleons, as defined by
the LPS isosymmetry. In fact, the 1998 proof of the EPR argument [210]
applies the underlying isomathematics and isomechanics for the exact
representation of the nuclear magnetic moment of the Deuteron D =
(p̂+, n̂0)hm , as well as of heavier nuclei, precisely along the legacy by
Fermi, Weisskopf and others indicated above.

It should be noted that the deformability of nucleons was preliminar-
ily confirmed by the 1981 neutron interferometric experiments [43] and
the adjoining theoretical study on the Lie-admissible completion of the
rotational symmetry [44].

Additionally, paper [210] used isomathematics and isomechanics for
the reconstruction of the exact ŜU(2)-isospin symmetry when believed
to be broken by electromagnetic interactions. This result was achieved



81

Neutroid

es

eL

ps

Proton

es

eL

ps
Neutron

Proton

Figure 11: At the mutual distance of 10−13 cn, the proton and the electron expe-

rience the extremely big Coulomb attraction of 230 Newtons, Eq. (6), although

quantum mechanics prohibits their bound state. In this figure we depict the two

bound states predicted by hadronic mechanics [68] [84] [214]: the neutroid in the

left for a singlet coupling with total spin 0 and 7 s mean-life, and the neutron in

the right with spin 1/2 and 900 s mean-life under the total compression of the

electron inside the proton in the core of stars (Section 8.2.2).

via the representation of the proton-neutron mass difference with Bohm’s
hidden variable λ.

The systematic reconstruction of all space-times continuous and dis-
crete symmetries at the isotopic level when believed to be broken is pre-
sented in Refs. [23] [24].

Note that, according to the basic axioms of quantum mechanics, the
triplet coupling of the proton and the neutron in the top of Figure 10 gen-
erally used to represent the spin 1 of the deuteron, is highly unstable,
The only stable quantum mechanical bound state is the singlet, but in
this case the total spin of the deuteron would be 0 contrary to experimen-
tal evidence. The resolution of this paradoxical situation via hadronic
mechanics has been achieved in Refs. [26] [213] and will be outlined in
Section 8.2.5.
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8.2.2. Representation of the neutron synthesis. Nuclei are
assumed to be bound states of protons and neutrons under strong inter-
actions. However, isolated neutrons are naturally unstable. Therefore, a
deeper representation of nuclear structures requires the understanding of
the mechanism in which neutrons become stable when they are members
of a nuclear structure. In turn, this understanding can best be achieved
in the study of the neutron synthesis from a proton and an electron in the
core of stars.

The problem is that the neutron synthesis is impossible for quantum
mechanics despite the enormous Coulomb attraction between the proton
and the electron at short distances per Eq. (6), because the mass of the
neutron is 0.784MeV bigger than the sum of the masses of the proton and
of the electron, in which case the Schrödinger equation would require a
positive potential energy producing a mass excess which is anathema for
quantum mechanics.

The 1978 Harvard University paper [20] assumed the above insuffi-
ciency of quantum mechanics as a clear evidence on the lack of com-
pletion of quantum mechanics according to the EPR argument [1] and
proposed the construction of the axiom-preserving hadronic mechanics
precisely for the representation of the neutron synthesis from the hydro-
gen.

In view of the list of insufficiencies of the conjecture that the hypo-
thetical and directly undetectable quarks are the physical constituents
of hadrons [38], paper [20] presented in Section 5 a structure model of
the octet of mesons as hadronic bound states of actual physical particles
produced free in their spontaneous decays with the lowest mode. Note
that the model achieved compatibility with the SU(3) model of the time
by merely restricting it to the sole quantum mechanical classification of
mesons, and the use of hadronic mechanics for the structure of individual
mesons due to the known inapplicability of quantum mechanics in the
interior of hadrons, much along the dichotomy classification/structure
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set in history for atoms and other structures.
Following the development of the Lie-Santilli isotheory [22] and its

application to the isotopies of the SU(2)-spin symmetry [62] [63], hadronic
mechanics was used in Ref. [84] for the first known non-relativistic rep-
resentation of all characteristics of the neutron as a hadronic bound state
of an isoelectron ê− and an isoproton p̂+

n = (ê−, p̂+)hm, (78)

resulting in the prediction of two hadronic bound states: the first is called
neutroid and occurs for the singlet coupling isoelectron-isoproton with
spin 0 and 7 s mean-life (left of Figure 11); the second is given by the
neutron with spin 1/2 and 900 s mean-life, which occurs under the total
compression of the isoelectron inside the isoproton (right of Figure 11).

The representation of the rest energy, mean life and charge radius of
the neutron were represented by a non-unitary transformation of the con-
ventional Schrödinger equation (1) with isotopic element of type (57) and
ensuing iso-Schrödinger equation of type (61) in which the fine spectrum
of the Hulten potential is constrained to have one value only, the neutron.

The representation of the spin 1/2 required the irregular isotopies
ŜO(3) and ŜU(2) to represent the hadronic angular momentum of the iso-
electron when compressed inside the hyperdense isoproton, thus being
forced to rotate with its spin, resulting in an orbital eigenvalue 1/2 which
is impossible for the unitary SU(2) symmetry of quantum mechanics, but
readily possible for the non-unitary ŜU(2) isosymmetry.

The representation of the anomalous magnetic moment of the neu-
tron became possible thanks to the contribution from the rotation of the
isoelectron inside the isoproton which is completely absent in quantum
mechanics (see the review and upgrade in paper [214]).

The relativistic representation of all characteristics of the neutron in its
synthesis from the hydrogen was achieved in the 1993 paper [68] written
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at the Joint Institute for Nuclear Research, Dubna, Russia (see also the
1995 paper [69] published in China).

By ignoring in first approximation the negative binding energy due
to the Coulomb interactions between the isoelectron and the isoproton
(because the Coulomb attraction is absorbed by the Hulten potential),
iso-Schrödinger equation (62) admits physically meaningful solutions for
the Hulten potential only when the isorenormalized rest energy of the
isoelectron, Eq. (36), acquires the value

m̄ê =
me

n2
4

= 0.511/n2
4 = 1.295 MeV, (79)

from which we obtain the density value

n2
4 = 0.394, (80)

which is fully within the values of similar densities, such as that of the
proton-antiproton fireball obtained from the fit of the experimental data
of the Bose-Einstein correlation, which are given by the value n2

4 = 0.428
of Ref. [85] , Eq.(10.27a), page 127 and the value n2

4 = 0.364 of Ref. [86],
Table I, page 441.

As recalled earlier, the radial equation of iso-Klein-Gordon equation
(35) or the iso-Dirac equation (163), do not admit physically meaningful
solution in the event the rest energy of the neutron is smaller than the sum
of the rest energies of the electron and of then proton, thus suggesting
isorenormalization (79) that includes the missing 0.782 MeV .

A primary function of the iso-Minkowskian geometry [70] is the char-
acterization of the isorenormalization of the rest energy of the electron
caused by non-Hamiltonian interactions in the interior of the neutron in
such a way to avoid the indicated ”mass-energy defect” and allow isorel-
ativistic equations to have physical solutions.

Needless to say, the above relativistic effects mandate the study of
the laws applicable in the hyperdense medium inside the neutron, which
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study is rudimentarily done in Section 8.4.4, see in particular Isoaxiom
IV, Eqs. 133 (see alsoVolume IV or Ref. [87] for a 2008 review and Ref.
[214] for a recent update).

Note that the interactions with representation (45) which bond to-
gether the proton and the electron into the neutron constitute an explicit
form of fifth interactions according to its definition in Section 7.2.3.

In Section 8.2.5, we shall outline the significance of the neutron syn-
thesis for the representation of nuclear data, such as the stability of nuclei
as bound state of protons and neutrons despite the natural instability of
the neutron when isolated.

8.2.3. Etherino or neutrino?] Due to the respect toward the
memory of W. Pauli and E. Fermi, it took years to indicate that in both,
the non-relativistic [84] and relativistic [68] derivations, there is no energy
available for the neutrino due to the fact that the neutrino is written in the
right-hand-side of the synthesis,

p+ + e− → n+ ν, (81)

while 0.784 MeV are missing for the synthesis of the neutron itself.
Additionally, the isotopic ŜU(2)-spin isosymmetry established that

there is no spin available for the neutrino because the total spin of the
isoelectron inside the neutron must be 0. This is due to the fact that the
orbital motion of the isoelectron inside the isoproton must be equal to
the isoproton spin to avoid huge resisting forces and be opposite to the
isoelectron sped for a stable singlet coupling (right of Figure 11).

These stability conditions confirm the original conception of the neu-
tron synthesis by Rutherford in 1920 [88],

p̂+ê− → n. (82)

In summary, despite a widespread oblivion in the best Ph. D. schools
of physics, the neutron synthesis is indeed the most fundamental event
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in nature with yet unsolved basic problems. For instance, it is gener-
ally believed that the missing energy of 0.784 MeV is provided by the
latent energy in the interior of stars. However, at the initiation of the
production of light, our Sun synthesizes 1038 neutrons per second. In the
event the missing energy is provided by the latent energy, stars would
lose 1038 MeV per seconds, thus cooling down and not being able to pro-
duce light.

It is also believed that the missing energy in the neutron synthesis
is provided by the p+ − e− relative kinetic energy. However, the scat-
tering cross section of protons and electrons at about 1MeV is so small,
10−20 Barns, to prohibit any synthesis.

Independently from the above aspects, in supernova explosions we
have the emission of many times the entire energy released by the Sun
in its entire life of 10 billion years. Calculations have shown that the
emission of such enormous amount of energy in one single explosion
cannot be consistently represented via the sole admission of quantum
mechanical processes.

In view of the above, paper [89] of 2007 suggested that the missing
energy in the neutron synthesis is provided by the ether as a universal
substratum with extremely high energy density (to propagate light at
300K km/s) via a longitudinal, spin 0 impulse called etherino, (denoted
with the letter ”a” from the Latin aether) and placed in the left-hand-side
of the synthesis,

p+ + a+ e− → n. (83)

It appears that the experimental data of indirect events predicted by
the neutrino hypothesis can be numerically interpreted via the etherino
hypothesis, of course, jointly with corresponding reinterpretations in the
standard model for its sole use for the classification of particles.

The historical criticism against the ether that it would violate special
relativity has been long dismissed because we would never be able to
identify a reference frame at rest with the ether. The additional historical
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criticism against the ether as a physical medium given by the aethereal
wind that should be experienced by moving masses, has also been de-
bunked long time ago (see the 1956 paper [90]) because, from the known
law E = hν, the electron is characterized by oscillations with the fre-
quency of

Hze = 1.25× 1020Hz. (84)

The idea that the above oscillations are those of a tiny mass inside the
electron has no scientific credibility. Hence, the sole known plausible hy-
pothesis is that the electron is characterized by oscillations of one point of
the ether with frequency (84). When the electron moves, said oscillations
are transferred to different points of the ether with no possible “aethereal
wind,” and the same holds for all particles and, therefore, for matter. In-
ertia is the resistance by the ether against changes in the transfer speed of
the oscillations to new points.

Note that, far from being pure philosophical considerations, the prob-
lem of the structure of the electron is crucial to achieve an understand-
ing of the mechanism according to which two identical valence electrons
bond themselves in molecular structures against their huge Coulomb re-
pulsion (see Section 8.3.1).

Note also that the transverse character of electromagnetic waves (oscil-
lations perpendicular to the direction of motion) mandates that the ether
should have a ”rigid-type” medium, while, by contrast, a ”fluid-type”
structure of the ether would be irreconcilable with the transverse charac-
teristics of light.

To illustrate the implications of the problem here considered, the above
view on the ether would imply that matter is completely empty and space
is completely full to such an extent that, in case we could stop time, the
entire universe would disappear.

Also, the etherino hypothesis provides a concrete example of the his-
torical hypothesis of the continuous creation of matter in the universe, oc-
curring not only for the neutron synthesis in the core of stars, but also for
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supernova explosions and other possible events.
Recall that, according to available measurements, the Sun loses via

radiation the rather sizable amount of

∆M loss
sun = −4.26× 109 Kg per second. (85)

In the event the etherino hypothesis is correct, the above loss would
be mostly counterbalanced by the synthesis in the Sun of 1038 neutrons
per second implying an increase of its mass by about [163]

∆M gain
sun = +2.87× 108 kg per second, (86)

resulting in the rather small loss by the Sun of about 3f73 Kg/s, which
is well within current errors, plus secondary contributions, such as accre-
tion of particles during travel in intergalactic space.

Rather than rejecting the above view due to its novelty, an important
scientific question is whether current knowledge in planetary trajectory
do set an upper value on the possible loss of mass by the Sun per second
(additional aspects are treated in Ref. [163] and in the EPR Debate [91]
and Ref. [136]).

8.2.4. Industrial synthesis of neutrons from the hydro-
gen. Tests on the laboratory synthesis of the neutron from the hydrogen
were initiated in the late 1940’s with support by Albert Einstein, but the
related papers were never accepted for publication by scientific journals
of the time. During the last of these initial tests, don Carlo Borghi de-
tected nuclear transmutations apparently caused by particles he called
neutroids emitted by the apparatus without the direct detection of syn-
thesized neutrons (see the historical account [92]).

Following, and only following, the theoretical understanding of the
neutron synthesis via hadronic mechanics (Section 8.2.2.), systematic tests
on the laboratory synthesis of the neutron were initiated in the early
2000’s. The first actual detection of the emission of neutrons synthesized
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Figure 12: A view of the Directional Neutron Source (DNS) described in Section

8.2.4 which synthesizes on demand neutrons from the hydrogen in the desired

direction, flux and energy.

from a hydrogen gas were presented in paper [93] of 2007, with the re-
peated detection of synthesized neutrons as well as the confirmation of
the synthesis of don Borghi’s neutroids via their stimulated nuclear trans-
mutations (see paper [214] for a recent review).

The neutron synthesis was achieved via the use of a special electric
arc submerged within a hydrogen gas which: ionizes the gas, synthe-
sizes the neutroid and then synthesizes the neutron by ”compressing”
the isoelectron inside the isoproton much according Rutherford’s origi-
nal conception [88].

These tests led to the formation of the U. S. publicly traded company
Thunder Energies Corporation (now Hadronic Technologies Corporation)
for the manufacturing and sale of equipment called Directional Neutron
Source (DNS) which produces on demand a neutron beam synthesized
from the hydrogen gas in the desired direction, flux and energy (see Fig-
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ure 12, the latest systematic tests [94] and the lectures by S. Beghella Bar-
toli in the 2020 Teleconference [0]).

Subject to appropriate funding, the DNS is intended to: 1) Provide
the clear detection of nuclear weapons or materials smuggled in luggage;
2) Detect precious metals in mining operation; 3) Test weldings of thick
plates in naval constructions; and other applications.

8.2.5. Representation of Deuteron data. As indicated in Sec-
tion 3.2, a second important verification of the EPR argument in nuclear
physics is the inability by quantum mechanics to represent the Deuteron
magnetic moment, spin, stability and other data for isolated Deuterons in
their ground state.

Recall from Section 8.2.2 the structure model of the neutron as a hadronic
bound state of an isoproton with spin Sp = 1/2 and an isoelectron com-
pressed in its interior in singlet coupling with total spin Ĵe = Ŝe + L̂e = 0
in which the hadronic angular momentum is constrained to coincide with
the spin of the isoproton L̂e = Ŝp = 1/2 to prevent extreme resistive forces
due to the extended character of all particles.

Preliminary studies ion the Deuteron structure as a three-body bound
states of two isoprotons and one isoelectron have been presented in Sec-
tion 2.5, page 181 on, of Ref. [26] and in subsequent works (see Refs.
[212] and [214]). However, the resulting structure models turned out to
have insufficiencies for the consistent representation of the Deuteron spin
JD = 1 due to the lack of interior orbital conditions for the isoelectron to
assume the null value Ĵe = Ŝe + L̂e = 0 (see Figure 10 for details).

We here present, for the first time, the apparent resolution of the above
insufficiencies via the axial triplet coupling, of one isoproton and one isoneu-
tron which occurs for spin parallel along the same symmetry axis, as il-
lustrated in the Figure 13

D = (p̂+↑ , n̂
0
↑)hm = (p̂+↑ , ê

−
0 , p̂

+
↑ )hm, (87)

where the first expression represents the original configuration, while
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Figure 13: Quantum mechanics predicts that the stable bound state of a proton

and a neutron is the singlet, in which particles are coupled with opposing spins.

The representation of the Deuteron spin JD = 1 then requires the admission of a

number of orbital states, against the experimental evidence that the value JD = 1

occurs n the ground state. The consistent representation of the spin JD = 1 of

the Deuteron in the ground state has been achieved, apparently for the first time,

in this Overview as follows. Under the assumption that the neutron is a hadronic

bound state of a proton and an isoelectron (Section 8.2.2), the most stable bond

state of a proton and a neutron is the ”axial triplet coupling” illustrated in this

figure where the left view illustrates the initial configuration, and the right view

illustrates the final configuration in which the negatively charged isoelectron acts

like a ”gluon” between the two positively charged protons, by permitting a consis-

tent representation of all Deuteron data (see Section 8.2.5 for details).
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the second expression represents the final configuration of the negatively
charged isoelectron acting like a ”gluon” between the two positively charged
isoprotons. The ”hat” in all particle symbols denotes deep EPR entangle-
ment of the particles under contact non-Hamiltonian interactions.

The importance of the axial triplet coupling of Figure 13 is that it al-
lows the intermediate isoelectron to have an interior orbital motion within
the two isoprotons with Le = Sp = 1/2 and Je = 0, thus representing the
total spin JD = 1 in the ground state.

It may be of some interest to note that the representation of the Deuteron
spin JD = 1 has been controversial for about one century, because quan-
tum mechanics predicts that the stable bound state of a proton and a neu-
ron is the singlet for which JD = 0 (see the top view of Figure 10)

D = (p+↑ , n
0
↓)qm. (88)

Since the total spin of such a bound state is JD = 0, the salvage of
quantum mechanics has been attempted via the controversial assump-
tion of a collection of orbital states yielding the needed total value JD = 1
against the experimental evidence that isolated Deuterons are in their
ground state.

The Deuteron structure model as a hadronic bound state of one iso-
proton and one isoneutron in axial triplet coupling appears to resolve this
century old controversy.

A reason for the preference of the axial triplet coupling neutron-proton
with JD = 1, compared to the singlet coupling with JD = 0, seems to be
due to the large spheroid comprising the wavepacket of the isoelectron
with radius of about 2 × 10−10 cm which is solely present in the struc-
ture of theneutron (see the dashed circle denoted Re in the left of Figure
13). This implies a geometric inequality between the isoproton and the
isoneutron which clearly favors the axial triplet coupling over the singlet
coupling.

Under the above assumptions, model (87) allows the representation



93

of all experimental data of the Deuteron in its true ground state as follows
(see Section 7 of paper [214] for details):

1) The representation of the total spin JD = 1 of the Deuteron by ap-
parently confirming that the Deuteron is a three-body bound state.

2) The representation of the anomalous magnetic moment of the Deute-
ron thanks to the spin and orbital contributions of the isoelectron to the
total magnetic moments.

3) The representation of the stability of the Deuteron despite the nat-
ural instability of the neutron (when isolated) because isoprotons and
isoelectrons are permanently stable particles.

4) The representation via the iso-Schrödinger equation of the rest en-
ergy and size of the Deuteron under the assumption that strong nuclear

interactions are represented by the isotopic element T̂ of Eqs. (38)(39).
5) The representation of nuclear exchange forces via the exchange of

the central isoelectron by the two adjacent isoprotons.
Note that the above results are primarily due to the explicit and con-

crete representation of strong nuclear interactions via the isotopic element
T̂ with realization (45).

Note also that strong nuclear interactions with representation (45) ad-
ditionally provide a concrete and explicit realization of Bohm’s hidden
variables, and characterize fifth interactions according to their definition
given in Section 7.2.3.

A. A. Bhalekar and R. M. Santilli used the above results for the Deuteron
to achieve a representation of the magnetic moment and spin of stable
nuclei at large [95].

8.2.6. Reduction of matter to isoprotons and isoelec-
trons. The preceding results, with particular reference to the reduction
of the neutron to a hadronic bound state of an isoproton and an isoelec-
tron, as well as the ensuing representation of nuclear data in their ground
state, imply the reduction of all matter in the universe to isoprotons and
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Figure 14: We here provide an illustration of the following two negatively charged

strongly interacting particles predicted by the EPR completion of quantum into

hadronic mechanics with mean-lives of the order of seconds and mass close to

that of the neutron: the protoid (on the left) with spin 0, which is a hadronic

singlet state of an electron and a neutron, and the pseudo-proton (on the right)

which occurs when the electron is totally compressed inside the neutron with spin

1 (Section 8.7). Note that the indicated new particles have been produced by the

Directional Neutron Source of Section 8.2.4 operating on a commercially available

Hydrogen gas (See Section 8.2.7 for details).

isoelectrons, including protons and electrons as a particular case [26].
Note that neutron stars are equally reduced to isoprotons and isoelec-
trons.

8.2.7. The synthesis of the pseudo-proton. Following the
synthesis of the neutron via the compression of an electron within the hy-
perdense proton, the Directional Neutron Source (DNS) of Section 8.2.4,
progressively synthesizes, in a statistical smaller amount, two negatively
charged strongly interacting particles.

The first particle is predicted to be characterized by a hadronic singlet
coupling of an isoelectron and an isoneutron called protoid and denoted
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p̄−1 [96] with spin 0, mass essentially that of the neutron and mean-life
predicted to be of about 5 s (left of Figure 14). The existence of the pro-
toid is predicted from the fact that non-Hamiltonian interactions caused
by deep EPR entanglement according to structure equation (61) are in-
sensitive to charges .

The second particle, called pseudo-proton and denoted p̄−2 [96] is pre-
dicted from the compression of the electron, this time, inside the hyper-
dense neutron, (right of Figure 14) with spin 1, mass essentially that of
the neutron and mean-life of the order of 7 s (see also [214] for a recent
review).

In regard to the spin of the pseudo-proton, we recall that electrons
couple in singlet bonds. Therefore, when an electron is compressed in-
side the neutron, it couples in singlet with the pre-existing internal elec-
tron, resulting in a electron pair with total spin J = 0 which is constrained
to rotate by the hyperdense medium inside the neutron with the neutron
spin J = 1/2, resulting in the total spin J = 1.

Different models are faced with the extreme resistance that would be
experienced by an extended wavepacket to rotate inside and against the
rotation of the hyperdense neutron medium.

The emerging new technology, called pseudo-proton irradiation is made
possible by the fact that, even though the pseudo-proton is evidently un-
stable, its mean-life is nevertheless of the order of a few seconds (a frac-
tion of the 900 s mean life of the neutron), thus being suitable for appli-
cations.

By noting on industrial ground that pseudo-protons are strongly at-
tracted by nuclei,pseudo-proton irradiation is significant for the develop-
ment of new clean nuclear energies, for the recycling of nuclear waste,
and for other intriguing applications studied in Section 8.2.10.

On medical grounds, pseudo-proton irradiationi is under consideration
for cancer treatment via a localized low energy beam in replacement of
proton irradiation due to its excessive invasive character caused by the
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high energies needed to overcome proton-nucleus repulsion.
It should be noted that the existence of the pseudo-proton, let alone

its long mean life for particle standards, is impossible without the EPR
completion of quantum into hadronic mechanics.

8.2.8. The synthesis of the pseudo-Deuteron. The Direc-
tional Neutron Source (DNS) of Section 8.2.4, when filled up with a com-
mercial grade hydrogen gas, synthesizes neutrons and pseudo-protons
(as well as their intermediate states).

When filled up with Deuterium gas, the same DNS is predicted to syn-
thesize a negatively charged nucleus called the pseudo-Deuteron [96] [214]
according to the structure

D̂ = [p̂+↑ , (ê
−
↓ , ê

−
↑ ), n̂0

↑]hm, (89)

namely, via the compression of an electron pair (ê−↓ , ê
−
↑ ) inside the Deuteron

D = (p+↑ , n
0
↑), resulting in a new negatively charged nucleus that (in nu-

clear symbols A = atomic number, Z = charge and J= spin) is denoted
D̂(−1, 2, 1) with evident decay D̂ → D + 2β.

To understand the above synthesis, let us recall that the valence elec-
trons of the Deuterium molecule are generally bonded into the valence
pair (ê−↓ , ê

−
↑ ) called isoelectronium [30] (Section 8.3.1) with charge 2 e, total

spin 0, total angular momentum 0 and total magnetic moment 0.
The specially designed DC arc of the DNS separates Deuterium mole-

cules by forming a plasma mostly composed by protons, electrons and
valence pairs (Section 8.1). Next we should recall the very big Coulomb
attraction between valence electron pairs and natural Deuterons according
to Eq. (6). Such an attraction evidently prepares synthesis (89) by forming
an intermediate state called Deuteroid [96]. The same, specially designed
DC arc then compresses the valence pair inside the Deuteron according
to the configuration of Eq. (89) and Figure 15.

This process creates a negatively charged nucleus which is evidently
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Figure 15: An illustration of the negatively charged nucleus, called pseudo-

Deuteron and denoted D̂(−1, 2, 1), according to structure (89), which is given,

firstly, by the very big Coulomb attraction between electron pairs and Deuteron

nuclei and, secondly, by the compression of a valence electron pair inside a nat-

ural Deuteron permitted by the sufficiently powerful DC electric arc of the DNS.
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unstable, but its main-life (computed via hadronic mechanics) is of the
order of a second, thus allowing industrial applications (see Section 8.2.9-
III). Needless to say, the plasma created by the DC arc submerged within
a Deuterium gas, also contains isolated electrons that are equally attracted
by Deuterons, and can form other hadronic bound states with smaller sta-
tistical probabilities and mean-lives [96].

8.2.9. New clean nuclear energies. In this section, we provide
a conceptual outline of new nuclear energies without harmful radiations
called hadronic energies originally proposed in paper [97] of 1994 , which
are not possible for quantum mechanics, but they are indeed possible
for the completion of quantum into hadronic mechanics [23]-[25] accord-
ing to the Einstein-Podolsky-Rosen argument [1] following the exact rep-
resentation of nuclear spin, magnetic moments, stability and other data
presented in the preceding sections.

The existence of the new energies in parts per million (ppm) has been
experimentally verified by various independent laboratories thanks to
funds provided by Magnegas Corporation (now Taronis Corporation),
but no funds could be located for their development up to the level of in-
dustrial production of new nuclear energies, which development is there-
fore left to interested scientists and governmental officers.

Among the variety of hadronic energies predicted in Ref. [97] (thanks
to the Lie-admissible completion of quantum mechanics for irreversible
processes) we outline the following three clean energies (see Refs. [25]
and [98] for reviews):

8.2.9-I. Nuclear energies via stimulated neutron decays. Incon-
trovertible experimental evidence establishes that the neutron is synthe-
sized from the proton and the electron and decays into the proton and
the electron. Hadronic mechanics has permitted the representation of
all characteristics of the neutron at both non-relativistic and relativistic
levels (Section 8.2.3) when assumed to be a hadronic bound state of an
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isoproton p̂+ with conventional rest energy of 938.272 MeV and an iso-
electron ê− with isorenormalized rest energy of 1.295 MeV , Eq.(80) due
to its immersion within the hyperdense medium inside the proton with
density (79).

In view of the above data, Ref. [97] submitted the hypothesis that
when the member of a suitably selected, light, natural, and stable nucleus,
the neutron can be stimulated to decay via a resonating frequency which
is an integer multiple or submultiple of γ̂ = 1.295 MeV corresponding to
the resonating frequency (see Eq. (3.6), page 326, Ref. [87])

νreson = 3.1289× n× 1020 Hz, n = 1, 2, 3, ... (90)

or
νreson = 3.129/n× 1020 Hz. (91)

By recalling that 1.295 MeV = 0.0014 amu, and by ignoring integer
multiples or submultiples for a first analysis, the indicated hypothesis
can be written

γ̂(0, 0, 1, 0.0014 amu) +N(Z,A, J, amu)→

→ N̂(Z + 1, A, J + 1, amu) + ê−(−1, 0, 0, 0.0014 amu). (92)

Note that the energy supplied by the resonating photon is reemitted
by the isoelectron which has the rapid spontaneous decay in vacuum

ê− → e− + ν (or a), (93)

where the etherino alternative a is outlined in Section 8.2.4.
Among various possible hadronic energies, Ref.[97] suggested in page

340 the test of the stimulated decay of a neutron of 30−Zn−70 according
to the reaction (see Ref.[99] for nuclear data)

γ̂ + Zn(30, 70, 0, 69.9253)→



100

→ Ĝa(31, 70, 1, 69.9253) + β̂−, (94)

where Ĝa is a highly unstable pseudo- nuclide due to the missing energy
of 0.0007 amu to have the tabulated mass for 31−Ga−70 of 69.9260 amu,
with spontaneous decay

Ĝa(31, 70, 1, 69.9253)→ Ge(32, 70, 0, 69.9242) + β− + ν, (95)

where 32−Ge−70 is a stable light natural element. Note that the indicated
transmutation triggered by the stimulated neutron decay provides two
different new clean hadronic energies without the emission of harmful
radiation or release of radioactive waste: 1) Heat produced in the amount
of 0.0011 amu = 1.024 MeV per reaction, and 2) Electricity generated by
the production of two electrons per reaction which can be easily trapped
via a thin metal shield to form a nuclear battery (see Sections 4-I and 4-II
of Ref. [97] for details.).

The stimulated double beta decay was tested in Ref. [100] (see also the
subsequent presentation [121]) with preliminary positive results reported
in Ref. [87].

The tests can nowadays be done by irradiating a plate of the selected
isotope (e.g., 30 − Zn − 70) with resonating frequency available from
radioactive isotopes for a few days, and then have comparative mass
spectroscopic analyses of the untreated and the treated plate to ascertain
the possible presence in the treated plate of the predicted new isotope
32−Ge− 70 in ppm.

The direct costs for the repetition of the tests are approximately given
by: 1) $1,200 for a sample of the needed pure 30 − Zn − 70 isotope with
certified content; 2) $2,200 for the purchase of the needed radioactive iso-
tope; and 3) $800 for mass spectroscopic analyses, for the total direct cost
of 4, 200.

It should be noted that there exist a considerable amount of scientific
literature on double beta decays (which is easily identifiable via an in-
ternet search), although none of them, to our knowledge, considers the
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stimulated double beta decay proposed in Ref. [97] of 1994 and tested in
Ref. [100] of 1996. The study of the triggering of known double beta de-
cays with resonating photons to search for new clean energies is left to
interested colleagues.

8.2.9-II. Intermediate Controlled Nuclear Fusions. It is
generally believed in mainstream physics circles that nuclear fusions can-
not occur without the emission of neutrons. It is important for our environ-
ment to disregard such a view because generally based on the dismissal
of the insufficiencies of quantum mechanics in nuclear physics (Section
3.2), and expressed in oblivion of Einstein’s view on the limitation of
quantum mechanics. This section is devoted to physicists interested in
testing nuclear fusions without the emission of neutrons, as predicted by
the completion of quantum into hadronic mechanics according to the EPE
argument.

Additionally, this section is intended for physicists interested in veri-
fying or dismissing in refereed scientific publications that the sole scien-
tific, i.e., quantitative interpretation of thunder is that via nuclear fusions
of light, natural and stable elements triggered by lighting without the
emission of neutrons.

As it is well known, the existence of nuclear fusions (also called syn-
theses) at low energies has been established by the so-called cold fusions,
but the energy available turned out to be insufficient to power all en-
gineering means needed for industrial production of clean energy. The
existence of nuclear fusions has also been established by the so-called hot
fusions, but their energies and temperatures are so big to create uncon-
trollable instabilities at the time of the initiation if the fusion process.

Despite the investment of billions of dollars of public funds over half
a century, cold and hot fusions have been unable to achieve the much
needed, industrially viable, clean nuclear energies.

The apparent primary reason is that all research in the field was based
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on quantum mechanics in oblivion of the EPR argument [1] as well as
of the known impossibility for quantum mechanics to provide an exact
representation of nuclear data, as well as the impossibility to provide
a correct representation of energy releasing processes due to their time
irreversibility (Section 3.3).

In view of the above occurrence, systematic research was initiated via
funds provided by Magnegas Corporation in the search of new clean nu-
clear energies based on the completion of quantum mechanics into the
irreversible, Lie-admissible branch of hadronic mechanics. This research
can be briefly outlined as follows.

Following, and only following the achievement of sufficient mathe-
matical [23] and physical [24] maturity on he Lie-admissible branch of
hadronic mechanics (see also lecture [101]), a study was conducted on
the formulation of the new physical laws of nuclear fusions according to
hadronic mechanics, which laws were presented in the 2008 paper [102]
to characterize the new Intermediate Controlled Nuclear Fusions (ICNF),
namely, nuclear fusions with energy intermediate between the cold and
hot fusions.

The main differences between quantum fusions and ICNF are: 1) Nu-
clei are massive points for quantum fusions, while nuclei are extended for
ICNF; 2) Quantum fusions solely admit action-at-a-distance potential in-
teractions, while ICNF are primarily based on contact non-potential inter-
actions; and 3) Quantum fusions are solely based on physical processes,
while ICNF are based on physical as well as certain crucial chemical pro-
cesses indicated in Section 8.3, thus requiring both hadronic mechanics
and chemistry (see the review in Section 3.25 of Ref. [25]).

A hadronic reactor for the test of ICNF was built in 2009 comprising:
1) A metal vessel housing in its interior a pair of Carbon electrodes

whose gap is electronically controlled from the outside;
2) A selected light, natural and stable gas called hadronic fuel which is

stored at pressure in the metal vessel;
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Figure 16: A view of the hadronic reactor used for the Intermediate Controlled

Nuclear Fusion (ICNF) of the Nitrogen from Deuterium and Carbon without the

emission of neutronic or other harmful radiations first achieved in Ref. [103] of

2010.

3) A DC arc between a pair of electrodes submerged within the hadronic
fuel powered by a commercially available 50 KW DC welder produced
by Miller Electric corporation which delivers up to 1K A in the arc be-
tween the submerged electrodes with about 7 mm gap;

4) Means for the control of the internal nuclear fusions including the
control of the DC power, gas pressure, electrode gap, and other engineer-
ing means;

5) The hadronic reactor is then completed with a number of peripheral
equipment, such as: a variety of radiation detectors with alarms preset at
minimal reading for safety; vacuum and pressure pumps; vacuum and
pressure gages; internal and external temperature gages; electric panel
for the monitoring and control of the pressure, temperature, radiation;
and other equipment (see Figure 18).

Samples of the gaseous hadronic fuel are taken before and after the
activation of the reactor whose operation is limited to a few minutes for
evident safety due to a generally rapid increase of the temperature. ICNF
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Figure 17: A view of the team of scientists who confirmed the ICNF of the Deu-

terium and Carbon into the Nitrogen without the emission of harmful radiations

and without the release of radioactive waste [100]-[112].

occur when laboratory analyses signed by the laboratory director estab-
lish the presence of new light, natural and stable elements at least in ppm,
under the condition that said new elements do not exist in the original
hadronic fuel.

Following extensive tests, Ref. [103] of 2010 announced the ICNF in
ppm of the Nitrogen from the Carbon of the electrodes and a commercial
grade Deuterium gas as hadronic fuel (Figure 16) according to the ICNF

D(1, 2, 1+, 2.0141) + C(6, 12, 0+, 12.0000)→

→ N(7, 14, 1+, 14.0030) + ∆Eheat, (96)

confirmed by chemical analyses [104]-[107] signed by the laboratory di-
rector, where the released heat is given by

∆Eheat = 10.2231 MeV = 1.57× 10−15BTU (97)

per fusion.
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Figure 18: A view of the third hadronic reactor for the ICNF of the Carbon and

Oxygen into the silicon successfully tested in 2011 [109].

It should be stressed that the indicated Nitrogen synthesis can only
occur without any production of neutron or other harmful radia-
tion or release of radioactive waste since it deals with the synthesis of
two light, natural and stable elements into a third light, natural and sta-
ble element with a smaller mass, as well as due to the limited power of
the DC source (50KW ) which is clearly insufficient to crack nuclei for the
production of the popularly expected neutrons. A recording of the sound
of the hadronic reactor during operation is available from Ref. [108].

The above results were all confirmed by systematic tests and verifica-
tions [109] - [112] conducted by an independent team of scientists (Figure
17).

Among a number of additional hadronic reactors build for the test of
ICNF, we mention the third hadronic reactor (Figure 15) built in 2011 for
a Chinese client for the ICNF of Carbon and Oxygen into the Silicon,

C(6, 12, 0+, 12.0000) +O(8, 16, 0+, 17.9991)→
→ Si(14, 28, 0+, 27.9769) + ∆E, (98)

were

δE = 2.0222 amu = 1, 882.6682 MeV = 2.8604× 10−13BTU/reaction,
(99)



106

Figure 19: A view of one of the analyses [116]-[118] signed by laboratory directors

showing the peack of the Silicon synthesized from Carbon and Oxygen.

the ICNF
O(8, 16, 0+, 17.9991) +O(8.16, 0+, 17.9991)→

→ S(16, 32, 0+, 31.9720) + ∆E, (100)

where
∆E = 4.0262 amu = 3, 7483, 3922 MeV =

= 5.6950× 10−13BTU per synthesis, (101)

and other ICNF that were announced in video [113] and paper [114] of
2011 (see also lecture [115]) following systematic analyses [116] - [120]
also signed by the laboratory director (see the sample analysis of Figure
19).

It should be stressed that the above tests were primarily done to es-
tablish the existence and control of ICNF in parts per millions under the
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expectation that such an evidence was sufficient for funding the construc-
tion of industrial hadronic reactors, by keeping in mind that the efficiency
of the reactors was limited by the low operating pressure, the low power
of the DC generator and other reasons.

The rather voluminous amount of information collected on ICNF in-
dicates that the achievement of a an industrial hadronic reactor capable
of producing truly controlled and radiation free nuclear energy is in-
deed within current technological reach via the use of: a specially built,
100 KW DC power unit of the particular type used for the synthesis of
the neutron (Section 8.2.3); the use of bigger pressures; and other engi-
neering means. To see it, recall that the Nitrogen synthesis of Ref. [103]
produces 1.57 × 10−15BTU per fusion. The plasma surrounding a ‘1 cm
DC arc contains about 1030 atoms. The extrapolation of available data in-
dicates the realistic possibility of producing of 1021 fusions per hour with
the ensuing delivery of 106 BTU/h which are fully sufficient to generate
the needed electric power plus the delivery of clean energy of nuclear ori-
gin. Alternatively, as shown in video [113], the third hadronic reactor for
the synthesis of the Silicon was already producing electricity when oper-
ated at 1, 000 psi pressure under 50 KW power. The production of free,
clean, nuclear energy when operated at 5, 000 psi pressure with 100 KW
DC power is rather plausible.

A study of ICNF presented at the Teleconference is available in Ref.
[219] and in the lecture recorded by I. B. Das Sarma [0].

It is regrettable for the environment that billions of dollars of public
funds have been and continue to be invested in conventional nuclear fu-
sions despite known insufficiencies of quantum mechanics, while it has
not been possible to secure until now comparatively small funds for the
test of the indicated ICNF.

8.2.9-III. HyperFusions of natural nuclei and pseudo-
nuclei. The biggest problem that has prevented the achievement to



108

Figure 20: A serious environmental problem facing mankind is the lack of

achievement in about a century of clean cointrolled nuclear fusions because of

the extreme value of the Coulomb repulsion between nuclei at 1 fm mutual dis-

tances (the Coulomb barrier). In this figure, we illustrate the new HyperFusion

which has been conceived [214] to eliminate the Coulomb barrier via the synthesis

of the negatively charged pseudo-Deuterons D(−1, 2, 1) (Section 8.2.8) which are

then attracted by natural Deuterons D(1, 2, 1) in the appropriate singlet couplings

to synthesize the Helium D(−1, 2, 1↑) + D(1, 2, 1↓) = He(2, 4, 0) + 2e Note the

impossibility for the indicated HyperFusion to produce neutrons or other harmful

radiation (see Section 8.2.9-III for details).
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date of controlled nuclear fusions is the Coulomb barrier, namely, the
extremely big repulsive Coulomb force between natural nuclei caused by
their positive charge which, from Eq. (6), has the value of hundreds of
Newtons.

In this section, we report the research done to date on a basically new
type of nuclear fusion, called HyperFusion, first proposed in Section 2.7.3
of Ref. [214], which occurs between natural, positively charged nuclei
and synthesized negatively charged nuclei (Section 8.2.8), by therefore
turning the repulsive Coulomb force into an attraction.

The principle of HyperFusion is elementary. Recall from Section 8.2.2
that at 10−13 cm the electron and the proton experience the extremely big
attractive Coulomb force of 230 Newtons. Nevertheless, quantum me-
chanics admits no bound state between the electron and the proton at
short distance, by therefore confirming Einstein’s view on the lack of
completeness of quantum mechanics beyond scientific doubts [1]. The
completion of quantum into hadronic mechanics then allowed the iden-
tification of all engineering needs for the synthesis of the electron and the
proton into an unstable particle with 900 seconds mean life, the neutron.

The principle of the new HyperFusion is essentially the same. At
1013 cmmutual distance, electrons are attracted by nuclei with a Coulomb
force of hundreds of Newtons. The technology established for the Ruther-
ford compression of the electron inside the proton is also applicable to
the compression of electrons inside nuclei, resulting in the synthesis of
negatively-charged nuclei, called pseudo-nuclei [214] that are evidently
unstable, but possess nevertheless mean lives of the order of seconds,
thus being usable for industrial applications. HyperFusion is then com-
pleted by established technologies for the separation of pseudo-nuclei
from their originating plasma and their exposure to natural nuclei.

For the case of the negatively charged pseudo-Deuterons obtained
from the DNS filled up with a Deuterium gas (Section 8.2.) [214],

D(1, 2, 1) + (e−↓ , e
−
↑ )→ D̂(−1, 2, 1), (102)
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we have the predicted HyperFusion [214]

D(1, 2, 1+
↑ , 2.0141 amu) + D̂(−1, 2, 1−↓ , 2.0141 amu)→

→ He(2, 4, 0, 4.0026 amu) + 2β− + ∆E, (103)

∆E = 0.0222amu = 20.67 MeV. (104)

in which the opposite alignment of spins (which is necessary for the con-
servation if the angular momentum) occurs naturally due to the opposing
charges and magnetic moments (Figure 20).

Note that the above fusion not only eliminates the repulsive Coulomb
force between natural nuclei, but turns the repulsion into an attraction
due to the opposite charges, as a result of which Deuterons and pseudo-
Deuterons are naturally attracted to the mutual distance of 10−13 cm at
which nuclear forces are activated and the fusion becomes inevitable.

Recall also that a controlled quantum mechanical fusion of two Deute-
rons into the Helium has been essentially impossible due to the need for
a controlled singlet coupling of the two Deuterons which is needed for the
conservation of the angular momentum (see the hadronic laws for nu-
clear fusions in Ref. [102]). By comparison, the coupling of a Deuteron
and a pseudo-Deuteron is naturally singlet as expressed in reaction (103)
due to their opposite charges and magnetic moments, by therefore pro-
viding a second facilitation for a controlled nuclear fusion over conven-
tional attempts.

Note also that the fusionD+D̂ → He+2β can be initiated and stopped
on demand, and can be controlled via the control of: the pressure of the
Deuterium gas; the energy of the DC arc; its voltage; the flow of the Deu-
terium gas through the arc; and other engineering means.

Note finally that the interactions with representation (45) bonding to-
gether the two Deuterons into the Helium constitute a third explicit form
of fifth interactions according to its definition given in Section 7.2.3.
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8.2.10. The problem of recycling nuclear waste. As it is
well known, automotive production is under reorganization in the U.S.A.
and in other developed countries to replace fossil fuels operated cars with
electrically operated cars. This reorganization implies a consequential,
not sufficiently spoken, exponential increase of electricity produced from
nuclear power plants and other sources. As a consequence, the prob-
lems of recycling highly radioactive nuclear waste and the achievement
of clean combustion of fossil fuels are becoming some of the most serious
environmental problems facing mankind today.

In this section we shall indicate the implications of the EPR argument
for the recycling of nuclear waste, while the achievement of full combus-
tion of fossil fuels is treated in the next section.

Due to various oppositions, it has not been possible to store radioac-
tive nuclear waste in depositories such as that in the Yucca Mountain in
the U.S.A. Consequently, nuclear waste is stored nowadays by the nu-
clear power plants themselves in their own facilities. Such a storage has
already reached safety limits with an expected unreassuring surpassing
of safety limit under the ongoing automotive reorganization from fossil
fuels to electric cars.

Also, all attempts at an effective recycling of nuclear waste via quan-
tum mechanical technologies have failed to date. Therefore, a most unre-
assuring aspect of the current condition is the lack of a visible search for
new forms of waste recycling, despite the availability of large corporate
and governmental funds, and the continuation of the century old obliv-
ion of the EPR argument [1].

By recalling that any transportation of radioactive nuclear waste is
prohibited by popular opposition, the indicated unreassuring condition
mandates at least the search by responsible societies of the only viable
solution, that of developing new technologies for the recycling of nu-
clear waste by the nuclear power plants themselves in their own facilities.
Among all possible solutions, the most desirable recycling is that via the
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Figure 21: A second serious environmental problem facing mankind is the re-

cycling of radioactive nuclear waste now stored by nuclear power plants in their

facilities. It is unfortunate for mankind that the century old opposition to the the

EPR argument by mainstream physics generally discredits the search for stimu-

lated recycling of nuclear waste because not permitted by quantum mechanics.

stimulated decay of radioactive waste in such a manner of reducing mean
lives from thousands of years down to days or minutes.

It is known that such a recycling is impossible for quantum mechanics
because the alteration of the mean-life of radioactive nuclei would imply
a violation of the Poincaré symmetry which is at the foundation of special
relativity.

In this section, we outline the following three recycling of nuclear
waste proposed in Ref. [97], Section 4-III-A, page 342 on, which are made
possible by the completion of quantum into hadronic mechanics:

8.2.10-I. Recycling of radioactive hospital waste. Tests
conducted in 2011 at the U. S. publicly traded company Magnegas Cor-
poration have indicated that a 300KW PlasmaArcFlow Hadronic Reactor
(Figure 21) can apparently recycle lightly radioactive liquid waste from
hospitals by triggering their decays via the deformation of their nuclei
when exposed to intense electric and magnetic fields into such a prolate
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Figure 22: In this figure, we show a 300 Kw PlasmaArcFlow Recycler produced

and sold by Magnegas Corporation (now Taronis Corporation) which is recom-

mended for the recycling of radioactive hospital waste, since the extreme electric

and magnetic fields of the submerged electric arc predict their stimulated decay.

shape to cause the disintegration of naturally unstable nuclei due to in-
ternal Coulomb repulsion between aggregated protons at the extremities.

Note that such a deformation is impossible for quantum mechanics
due to the representation of nuclei as massive points. By contrast, said
deformations are fully possible for hadronic mechanics due to the repre-
sentation of nuclei as extended and, therefore, deformable according to
Eqs, (45)-(46) for which the stimulated decay of nuclear waste is reduced
to the intensity of the electric and magnetic fields.

Jointly, the indicated 300 KW Plasma-Arc-Flow hadronic reactor ster-
ilizes the liquid waste due to its exposure to the high temperature of the
arc.

8.2.10-II. Recycling nuclear waste via stimulated neu-
tron decays. A primary reason for suggesting the rather inexpensive
test of the stimulated neutron decay in Section 8.2.9-I is that, in the event
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successful, it would allow an effective recycling of radioactive nuclear
waste via the stimulated decay of some of its peripheral neutrons. This
possibility is illustrated in Ref. [97], page 340, with the predicted stimu-
lated decay of 42−Mo−100, which is an unstable nuclide with mean -life
of 1019 years. Yet, a stimulated neutron decay would imply the transmu-
tation of 42−Mo− 100 into 43− Tc− 100 according to the reaction

γ̂(0, 0, 1, 1.295 MeV ) +Mo(42, 100, 0, 99.9074 amu)→

→ Tc(43, 100, 1, 99.9076amu) + ê−(−1, 0, 0, 1.295 MeV ), (105)

by turning the mean life of 1019 years of 42−Mo− 100 into the mean-life
of18.5 seconds for 43− Tc− 100, with natural decay

Tc(43, 100, 1, 99.9076 amu)→

→ Ru(44, 100, 0, 99.9042 amu) + e− + ν (or a), (106)

where one should note that the final nuclide is stable and there is no
emission of neutronic or other damaging radiation.

From data [99], we know that the indicated transmutation produces
heat for 3.475 MeV per reaction plus electricity generated by easily trap-
pable electrons.

For brevity, interested readers may inspect Ref. [97], page 342 for a
possible industrial recycling of nuclear waste via a beam of resonating
photons causing two or more stimulated neutron decay per nucleus.

8.2.10-III. Recycling nuclear waste via pseudo-proton
irradiation. The 2020 Teleconference [0] included discussions on the
possible recycling of radioactive nuclear waste via their irradiation with
pseudo-protons (Section 8.2.7). In this case, unlike stimulated decay (105)-
(105), we have the predicted reaction via the use of two pseudo-protoids
with spin 0

2p̄−(−1, 1, 01.0073 amu) +Mo(42, 100, 0, 99.9074 amu)→
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→ Zr(40, 102, 0, 101.9229 amu)n+ ∆E, (107)

in which case the 1019 years main-life of 40−Zr− 102 is reduced to the of
2.9 seconds mean-life of 40− Zr − 102.

Since the corporate handling of nuclear waste is prohibited by law,
systematic research on the suggested stimulated recycling of radioactive
nuclear waste by nuclear plants themselves is left to governmental labo-
ratories of countries interested in developing new technologies permitted
Einstein’s legacy.

In closing this section, it should be indicated that mainstream physi-
cists generally attempt to discredit the search for the new clean nuclear
energies on grounds that they are not predicted by quantum mechanics,
without any repetition of the numerous inexpensive tests done to date,
by ignoring the gross insufficiencies of quantum mechanics in nuclear
physics (Section 3.2), and in oblivion of Einstein’s view that ”quantum
mechanics is not a complete theory” (Figure 20).

Due to its importance for society, the problem of the recycling of nu-
clear waste was addressed in the opening lecture of the 2020 Teleconfer-
ence by J. Dunning-Davies (see the recorded lecture [0]) and Ref. [220].

8.3. Applications of EPR completions in chem-
istry.

8.3.1. Representation of valence electron bonds. There is
no doubt that, beginning with the 1916 pioneering contribution by G. N.
Lewis, followed by numerous advances, the 20th century valence bond
theory has allowed historical discoveries in chemistry.

Yet, it is well known that science at large, and chemistry in particu-
lar, will never admit final theories. Advances generally depend on the
identification of open problems followed by due scientific process in the
proposed solutions.

One of the best kept secrets of the best Ph. D. schools in chemistry
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is that there is no possibility for quantum mechanics and, therefore, for
quantum chemistry, to represent the attraction between the identical elec-
trons in valence bonds because the Schrödinger equation for an electron
pair, Eq. (1), can only predict the extremely big repulsion, of 230 Newtons
at the 10−13 cm mutual distance of a valence electron bond (Eq. (6) and
Section 3.5).

A truly attractive force between identical valence electron pair was
achieved in 2001 (see Chapter 4 of Ref. [30]) inspired by the last statement
of the 1935 paper by Einstein, Podolsky and Rosen [1] according to which
the wavefunction of quantum mechanics and chemistry cannot describe
all ”elements of reality.”

As reviewed in Section 7.4, the much needed attractive force was
achieved thanks to the completion of quantum into hadronic chemistry,
resulting in a Hulten-type new bond, of type (61) called strong isovalence
bond, which is so strongly attractive to generate a quasi-particle called
IsoElectronium (IE)

IE = (ê−↓ , ê
−
↑ )hm, (108)

with double elementary charge, null spin and null magnetic moment.
In this section, we hope to indicate the unreassuring implications for

our environment of molecular models without a clear attraction between
valence electron pairs (Figure 18).

8.3.2. Representation of molecular data. Historical ad-
vances have been made during the 20th century in the collection and
representation of molecular data. Yet, a belief in the achievement of fi-
nal knowledge would imply the existing from the boundaries of science
since so much remains to be understood.

Quantum mechanics allowed the representation of the experimental
data of the Hydrogen atom from first axiomatic principles with an incred-
ible accuracy. By comparison, when two Hydrogen atoms are bonded to-
gether in the Hydrogen molecule, quantum chemistry misses 2% of the
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Figure 23: The third serious environmental problem facing mankind is the lack

of full combustion of fossil fuels. It is unfortunate for our environment that

mainstream chemistry generally discredits its solution via the EPR completion of

quantum chemistry in oblivion of the inability by quantum chemistry to represent

the attraction between valence electron pairs and Einstein’s legacy that quantum

wavefunctions cannot represent all ”elements of reality.”

molecular binding energy from first axiomatic principles without adul-
terations, which percentage is far from being ignorable because it corre-
sponds to about 950 BTU .

The inability by quantum chemistry to achieve an exact representa-
tion of the binding energy of the Hydrogen and other molecules is clear
evidence of the appearance in valence electron bonds of short range non-
linear, non-local and non-potential, thus non-Hamiltonian interactions
typical of the EPR entanglement (Section 7.2.3) that are absent at the large
mutual distances of the atomic structure.

In fact, the EPR completion of quantum into hadronic chemistry, and
the achievement of a strong valence bond, have allowed the following
advances:

1) The representation of the binding energies of the Hydrogen [31]
and water [32] molecules which is exact to the desired decimal value.

2) Perturbative calculations used in the above results that have a con-
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vergence at least one thousand times faster than the convergence of the
corresponding quantum chemical calculations, thanks to the very low
value of the isotopic element T̂ inserted in all associative productsA×̂B =

AT̂B (Section 7.5).
3) The representation of the diamagnetic character of the Hydrogen

molecule which is not possible for 20th century weak valence bonds.
4) The explanation of the reason why the Hydrogen molecule can only

accommodate two Hydrogen atoms in its stable configuration, resulting
in a restricted three-body model of the hydrogen molecule, with the conse-
quential, first known admission of analytic solutions that have evident
importance for the environment, e.g., to achieve full combustion of fossil
fuels.

5) Consequential advances in other molecules, such as the iso-Helium
model [122] and other advances [123].

8.3.3. The new chemical species of magnecules. Nowa-
days, we release in our atmosphere about 35 billion tons of contaminants
per year mostly composed by Carbon Monoxide CO = C − O (where −
represent valence bond) and HydroCarbons HC. As it is well known,
this environmental problem is caused by the incomplete combustion of
fossil fuels (Figure 23). By noting that CO and HC are themselves com-
bustible, the indicated environmental problem is caused by the lack of
complete combustion of fossil fuels. In turn, this is due to a combus-
tion insufficient for the dissociation of the valence bonds of fuels such as
gasoline or diesel. Note that the dissociation of fuel molecules into their
atomic constituents is a necessary pre-requisite for the chemical synthesis
of CO and HC.

In view of the above unreassuring data, a considerable scientific and
industrial effort was done in early 2000 to conceive, test and produce fu-
els with the new chemical species of magnecules (see Chapter 8 of Ref. [30]
and the U. S. patent [123]). The new species of magnecules (to distinguish
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them from molecules) has essentially the same atomic components of fos-
sil fuels and it is stable in pressure thanks at ambient temperatures, yet
the binding energy of magnecules is much smaller than that of molecules as
a necessary condition to achieve full combustion, namely, a combustion
without detectable CO and MHC in the exhaust.

The new species of magnecules is essentially composed by clusters
of atoms (such as H , C, etc.), dimers (such as H − O, C − H , etc.), and
ordinary molecules (such as H − H , C − O, etc.) bonded together by
the attractive force called magnecular bond between opposing magnetic
polarities of toroidal configurations of the orbits of peripheral electrons,
which magnecular bond is stable under ambient temperature.

As an illustration, by denoting the magnecular bond with the symbol
”×”, samples of elementary magnecules are given by (see Figure 24)

H ×H, O ×O, C ×O, etc. (109)

By noting that electron orbitals can be controlled under very big elec-
tric and magnetic fields [30], new fuels with magnecular structure are
produced via specially designed hadronic reactors converting fossil fuels
into their gaseous magnecular form via a submerged electric arc. Water is
added to fossil fuels to increase the content of Hydrogen and Oxygen of
the magnecular species by therefore improving its environmental quali-
ties [124].

Stock cars produced to run on compressed natural gas, but operated
on compressed magnegas release an exhaust containing no appreciable
Carbon Monoxide CO or HydroCarbon HC; and Oxygen O2 up to 14%
(see Figure 22 and the documentation presented at the 2016 International
Summit on the Environment, Hainan Island, China [126]).

In view of the importance of the above features for the environment,
the publicly traded company Magnegas Corporation was organized for
the production and sale world wide of the gasification of fossil fuels into
the environmentally friendly magnegas (chemical symbol MG, Figure 25)
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Figure 24: An illustration of the elementary magnecule such as H × H, O ×
O, C ×O, etc., where one can see: the toroidal polarization of atomic orbitals;

the attraction between opposing magnetic polarities; and the exposure of nuclei out

of their electron cloud with the proper spin coupling, which features are essential

for the ICNF of Section 9.2.9-II.

Figure 25: A view in the left of a Ford Cavalier produced to run on compressed

natural gas and run on compressed magnegas with no appreciable CO and HC

in the exhaust, and a view in the right of a Ferrari 308 GTS 1981 converted to

run on compressed magnegas and shown at the Moroso International Race Track,

Florida, to be competitive with same Ferraris running on gasoline.
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[125].
It should be indicated that the author does not recommend the large

scale use of Hydrogen as an alternative automotive fuel to gasoline because:
1) Cars running on compressed Hydrogen are expected to produce neu-
trons (Section 8.2.3); 2) The large scale use of Hydrogen would cause a
prohibitive Oxygen depletion; 3) Hydrogen seeps through walls and im-
mediately raises to the Ozone Layer with ensuing rapid chemical reaction
H2 +O3 → O2 +H2O; and for other environmental problems. [30].

8.3.4. Experimental verifications of the new species
of magnecules. The chemical composition of gases is nowadays ana-
lyzed via Gas Chromatographers Mass Spectrometers (GC-MS), InfraRed
Detectors (IRD) and other equipment all designed, specifically, to detect
molecules, that is, atoms bonded together by valence bonds with ensuing
large binding energy. In said instruments, molecules are first exposed
to an ionization beam whose energy is below the molecular dissociation
energy; the molecules are then processed by a reactant in the column;
and then eluded with a speed inversely proportional to their masses for
identification.

By noting that magnecules have a binding energy which is about 10%
that of molecules, GS-MS are basically unable to detect magnecules be-
cause their ionization beams destroy the very species to be detected, since
they terminate all magnecular bonds and reduce the species to conven-
tional molecules.

In view of the above, magnecules can only be indirectly detected via
GC-MS/IRD and the findings confirmed via direct measurements of the
characteristics of the magnecular gas, such as flame temperature, BTU
content, etc. [126].

The instruments used so far for the analysis of fuels with magnecular
structure are GC-MS equipped with IRD (GC-MS/IRD) so as to test first
the gas un the GC-MS used with special provisions, such as the lowest
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possible ionization energy, the lowest possible column temperature, and
the longest possible elusion time so as to minimize the destruction of
the species to be detected. The clusters identified in the GC-MS are then
tested via the IRD without transferring the gas to a separate IRD because
of the impossibility to combine with certainty results from different tests.
Magnecules are detected when the clusters identified in the GC-MS have
no IR signature because lack of IR signature implies the lack if existence
of internal molecular bonds.

The GC-MS/IRD tests that were originally done by the author in 1998
are reported in Chapters 8 and 9 of Ref.[30], Section 8.7 on). More recent
independent experimental verifications via GC- MS/IRD are available in
Refs. [127] [128]. Comparison of the original tests [30] with then more
recent tests [127] [128] shows that the detection of magnecular clusters is
decreased in the latter tests due to the increase of the ionization energy
of the GC-MS which was confirmed by comparison of data in the relative
manuals.

The best evidence establishing the existence of a new chemical species
is given by direct measurements of the characteristics of magnegas since
said characteristics cannot be explained with quantum chemistry.

The first of these anomalous characteristics is given by extensive tests
conducted by scientists of the Institute for Ultra Fast Spectroscopy and
Laser of the City College of New York, [129] [130] which established that
magnegas synthesized from fossil fuels has a flame temperature in air of
10, 597 F = 3, 647 C which is 56% bigger than the hydrogen flame tem-
perature in air 2, 045 C. The increased flame temperature explains the
absence of CO and HC in magnegas exhaust due to their combustion.
Additionally, the increased flame temperature makes magnegas a fuel
particularly suited for steel mills, refineries and other applications [124]-
[126].

An intriguing feature of magnegas is its energy content because mag-
negas cuts a 12” thick steel slab faster than acetylene (C2H2) which pos-
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sesses 1, 498 BTU/cf [132]. This anomaly property is established by the
fact that a conventional chemical analysis of magnegas done at maximal
ionization energy and column temperature reveals that magnegas is com-
posed by

MG : 54% H2, 31% CO, 15% HC, (110)

with corresponding energy content of 325, 323 , 1, 500 BTU/cf . Hence,
according to quantum chemistry, magnegas synthesized from petroleum
should contain a maximum of

54% 325 + 31% 323 + 15% 1, 500 BTU/cf = 431 BTU/cf, (111)

namely, an amount basically insufficient to cut any metal, let alone 12”
thick steel plates, thus confirming that magnegas cannot be quantitatively
described via quantum chemistry.

The description of the energy content of magnegas according to hadro-
nic chemistry is essentially the following. Let us denote the molecular
bond with the symbol ”−” and the magnecular bond with ”×.” It is gen-
erally believed that the combustion of Hydrogen and Oxygen according
to the reaction

H −H + (1/2)O −O → H −O −H + 57 BTU/cf. (112)

However, the two Hydrogen atoms are separated in the H − O −
H molecule. Therefore, in order to verify the principle of conservation
of the energy, the combustion of Hydrogen and Oxygen must produce
104 kcal/mole for the H−H dissociation, plus 45 kcal/mole for the O−O
dissociation, plus 57 kcal/mole of produced heat, for a total of 206 kcal/mo-
le. In the event the Hydrogen and Oxygen species have a magnecular
structureH×H andO×O, the binding energy is only 10% of the molecu-
lar value. In this case, the combustion of the magnecular speciesH×H and
O×O produces the total energy of 97+40+57 kcal/mole = 194 kcal/mole

H ×H + (1/2)O ×O → H −O −H + 194 kcal/mole, (113)
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which is 3.4-times the energy produced by the molecular species, Eq.
(113), resulting in the value of 1, 465 BTU/cf which is comparable to the
energy content of acetylene 1, 498 BTU/cf , by providing in this way the
only known quantitative explanation of the reason magnegas cuts faster
than acetylene under essentially the same atomic structure.

In conclusion, the energy content of molecular gases is constant while,
by comparison, the energy content of magnecular gases is variable because it
depends on the original liquid feedstock, the power of the hadronic reactor,
and other engineering data.

8.3.5. Magne-Hydrogen and Magne-Oxygen. The anoma-
lous temperature and energy content of magnegas is due to the anoma-
lous character of its primary components known as Magne-Hydrogen (sym-
bolMH), Magne-Oxygen (MO) and Magne-Carbon-Monoxide (MCO) [133].
The indicated new species have been separated from magnegas via Pres-
sure Swing Adsorption (PSA) equipment, also called molecular seeving,
and their anomalous specific weight has been confirmed by independent
measurements [134]-[137]. By recalling that MH constitutes more than
50% of MG, the anomalous energy content of MH is established by that
of MG. Tests on the increase of the efficiency of fuel cells via the use of
MH and Oxygen are reported in Ref. [124]. The case of a 3-atomic mag-
necule or molecule is indicated in Figure 26.

An important experimental evidence in the above tests is that the spe-
cific weight of the magnecular speciesMH ,MO andMCO increases with
the number of times the separated gas is passed again through the PSA
equipment. This is a clear indication of the effect known as magnecular
accretion, namely, the increase of the mass of magnecule with the increase
of pressure and other treatments.

In turn, the above effect indicates that the Avogadro number is not ex-
pected to be a constant for magnecular gases [30], which feature is sug-
gested for test by interested chemists jointly with other innovative mea-
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Figure 26: An illustration of the magnecule 3H = H × H × H that should be

compared with the molecule H3 = H − H − H. The main difference is that the

latter is unstable, while the former is stable at ambient temperature according to

repeated detections of 3 amu in the same MH gas. Such a difference is due to the

independence of the magnecular bond from the number of bonded atoms compared

to the lack of existence of a valence electron triplet.

surements.
An understanding of the above intriguing feature is the following.

Recall from Section 3.5 that another insufficiency of quantum chemistry
is the impossibility of achieving an attractive force between the water
molecules if the liquid state due to their diamagnetic and dielectric char-
acters. It appears that such an attractive force is of magnecular type since
the Hydrogen atoms H in the water molecule H −O−H has a toroid po-
larization of its orbit for the proper bonding to the corresponding valence
electron of the Oxygen, thus allowing a magnecular attraction of the type
[138]

H −O −H↓ ×H↑ −O −H↑ ×H↓ −O − .... (114)

According to this view, the magnecules of the new species MH , MO
and MCO are quasi-liquid with consequential magnecular accretion and
the predicted lack of constancy of the Avogadro number.
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Chemical analyses have repeatedly established that MH is composed
by atomic masses from 1 amu to hundreds of amu, thus suggesting a
structure of the type

MH : {H, H −H, H ×H, H ×H,

H −H ×H, H −H ×H, ....}, (115)

with a corresponding structure for MO and MCO.
In view of its special features, including the increased specific weight,

increased energy content and predicted increase of the liquefaction tem-
perature, MH is expected to be particularly significant for the aerospace
industry as well as for gasoline refineries, fertilize production and other
fields. MO is expected to be signifiant for medical applications, e.g., for
use in ventilators for persons affected by the Corona Virus because its
magnecular structure is expected to decompose at contact with lungs,
with ensuing release of sterilizing UV radiation as it is the case for the de-
composition of Ozone. MCO has been conceived and tested for the pri-
mary aim of developing the HyperCombustion indicated (Section 8.3.7).

8.3.6. The HHO combustible gas. One of the most intriguing
fuels with magnecular structure is the HHO gas [139] which is produced
in the gasification of water via a specially designed water electrolyzer
developed by the U. S. company Hydrogen Technologies Applications, Inc.

Some of the unique features of the HHO gas, which are manifestly
outside any serious representational capability by quantum chemistry,
are:

1) The HHO gas instantly cuts bricks, tungsten and other hard mate-
rial at content in air or under water;

2) The combustion of the HHO gas occurs without any need for at-
mospheric Oxygen, since HHO is composed by a stochiometric ratio of
Hydrogen and Oxygen; and
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3) The combustion exhaust of the HHO gas are composed by water
vapor without any contaminant.

By using a cautious scientific language, Ref. [139] (see also Ref. [124])
presents a series of measurements on the HHO gas conducted with vari-
ous instruments and their tentative representation with the new chemical
species of magnecules.

It should be indicated that all hadronic reactors indicated in this sec-
tion have a negative energy balance in the sense that they require energy
to produce a gaseous, environmentally friendly fuel, unless, jointly with
the gasification of the liquid feedstock, the hadronic reactors synthesize
new elements, such as the synthesis of Si − 28 from C − 12 and O − 16,
in which case the energy balance is positive even for nuclear synthesis in
ppm.

8.3.7. Hyper-Combustion. At the dawn of the third millennium,
the combustion of fossil fuels is essentially the same as it was some fifty
thousands years ago, because in our civilian, industrial and military en-
gines we essentially strike a spark and lit the fuel.

This section is intended for scientists interested in the search for a
basically new form of combustion as a necessary condition for the future
achievement of a sustainable life of our planet.

Recall from Section 8.3.3 that magnegas does achieve full combustion,
namely a combustion without appreciable combustible contaminants in
the exhaust.

Based on such a result, a main drive of the physical and chemical stud-
ies reported in this section has been the achievement of full combustion,
this time, for fossil fuels as commercially available, including gasoline,
diesel, methane, acetylene, et al.

Recall that our combustion of about 36 billion barrels of crude oil per
year releases in the environment about 10 billion barrels per year of con-
taminants such as CO and HC. However, it is important to note that
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Figure 27: A view of the equipment developed by Hadronic Technologies Corpora-

tion to test Hyper-Combustion in a four cylinder electric generator showing (from

bottom right) Control Module, Variac and four ICNF Activation Banks (Section

3.3.7).

CO and HC are themselves combustible. This establishing that the tem-
perature of combustion in our civilian, industrial and military engines is
insufficient to achieve full combustion.

The studies reported in this section have led to the formulation of a
new form of combustion known as Hyper-Combustion [140] under devel-
opment by the privately held Hadronic Technologies Corporation which
can be defined as follows: the hyper-combustion of Carbon with atmo-
spheric Oxygen comprises the conventional chemical combustion plus a con-
trollable number of engineering means causing the synthesis of Silicon and
other light, natural and stable elements without the emission of harmful
radiation and without the release of radioactive waste.

The engineering realization of the hyper-combustion is based on the
use of a specially designed DC power unit delivering an arc that: 1) Ion-
izes the fuel; 2) Creates magnecules C × O between toroidally polarized
stable isotopes of Carbon and Oxygen; and 3) Triggers Intermediate Con-
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trolled Nuclear Fusions (ICNF, Section 8.2.9) in parts per million (ppm)
of the indicated magnecule Carbon and Oxygen into the Silicon.

Recall from Nuclear Data [99] that Carbon has the following two sta-
ble isotopes with relative abundance 6−C−12, 98.898%, 6−C−13, 1.11%
and that the Oxygen has the following three stable isotopes with relative
abundance 8−O− 16, 99.76%, 8−O− 17, 0.037%, 8−O− 18, 0.200%.
Consequently, when dealing with nuclear fusions in ppm, the significant
isotopes are 6−C−12 and 8−O−16 with related nuclear fusion into the
14−Si−28 studied in Section 9.2.9-II, Eqs. (98)-(99). This fusion has been
experimentally verified with the Third Hadronic Reactor (Figures 15 and
16, video [113], sound [108], and verifications [114]-[120]).

Note that the aim of hyper-combustion is not that of replacing fossil
fuels with controlled nuclear fusions, but that of using Carbon and Oxy-
gen as fuels for nuclear fusions mainly intended to maximize the energy
output of crude oil and achieve full combustion without harmful radia-
tions or radioactive waste.

To minimize possible misrepresentations, it should be reported that
Hadronic Technologies Corporation has manufactured an equipment (Fig-
ure 27) testing Hyper-Combustion in a four cylinders electric generator
with tungsten tip spark (patent pending) which comprises: 1) A control
module to set maximal power and arc settings per selected engine; 2) A
variac to operate with minimal and maximal power; and 3) Four ICNF
Activation Banks, one per cylinder. The equipment produced the desired
increase of the combustion temperature at which CO, HC and other
combustible contaminants burn by producing a first increase of power
output. The same equipment has produced a second increase of energy
output due to the activation of ICNF in ppm of Carbon and Oxygen into
Silicon within the thermodynamical limit of the electric generator.

In closing this section, it should be reported that mainstream chemists
generally dismiss the anomalous characteristics of magnegas as being due
to anomalous measurements, without repeating the measurements and
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without considering the fact that said measurements were done by the
highly authoritative Institute for Ultra Fast Spectroscopy and Laser of
the City College of New York [130] [131].

Additionally, the same chemists generally dismiss the existence of the
new species of magnecules on grounds that the identified anomalous clus-
ters can be reduced by the GC-MS to their molecular constituents, by ig-
noring that: 1) Stable clusters systematically detected by GC-MS must
have an internal atomic or molecular bond to exist; 2) The ionization en-
ergy used in the decomposition of the clusters to their molecular con-
stituents destroys the very species to be detected; and 3) The dismissal
is done in oblivion of Einstein’s view on the limitations of quantum me-
chanics and chemistry, as well a without the proof in refereed journals
that quantum chemistry provides a quantitative representation of mag-
negas anomalous features.

Objections against magnegas and magnecules voiced in social media,
rather than via publications in refereed journals, has significantly under-
mined and delayed the solution to our environmental problems. In fact,
as it is well known, social media plays in the hands of those who profit
by shorting the stock of publicly traded companies, by therefore causing
significant losses to investors eager to support the development of new
environmental technologies for a sustainable future of our planet.

8.4. Applications of EPR completions to spe-
cial relativity.
8.4.1. Foreword.
In this section, we show that the methods developed for the proof of the
EPR argument [1] imply a geometric unification of Einstein’s special and
general relativities for the exterior problem of point-like particles in vac-
uum, as well as their extension for interior dynamical problems of extended
particles within physical media .
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Figure 28: A schematic view of the experiments done by Galileo Galilei at the

end of the 16th century to measure the acceleration due to gravity by dropping

from the top of the Pisa tower balls with different masses assumed to be point-like,

thus ignoring the resistance due to our atmosphere (vertical line). The axiom -

preserving iso-Galilean isorelativity aims at the dynamics of extended bodies, thus

including atmospheric resistance (wiggly line).

8.4.2. Applications of the EPR completion to Galileo’s
relativity. As it is well known, the Galileo symmetry G(3.1) and rela-
tivity are exactly valid for the description of non-relativistic conservative
systems of point-like particles moving in vacuum (non-relativistic exterior
dynamical systems), thus without any resistive force or contact interaction.

Since point-like particles are an approximation of the physical real-
ity, the verifications of the EPR argument reported in Section 7 mandate
the completion of Galileo symmetry and relativity for non-relativistic in-
terior dynamical systems comprising extended particles in deep EPR en-
tanglement, with ensuing resistive, as well as non-linear, non-local and
non-Hamiltonian interactions (Figure 28).

The above need suggested the construction of the Lie-isotopic com-
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pletion of the Galileo symmetry Ĝ(3.1) and relativity, called Iso-Galilean
isorelativity, for the axiom-preserving representation of extended masses
moving within physical media, thus experiencing resistive as well as con-
tact interactions. Note that the axiom- preserving condition restricts the
system to have a conserved total energy, as it is the case for the non-
relativistic description of an isolated nucleus with contact internal forces.

Since conservative systems are an evident particular case of noncon-
servative/irreversible systems, the studies here considered required the
construction of the broader Lie-admissible completion of the Galileo sym-
metry Ĝ>(3.1) and relativity for the description of extended particles in
nonconservative conditions, as it is the case for the non-relativistic repre-
sentation of nuclear fusions.

Since non-relativistic studies are an evident pre-requisite for relativis-
tic counterparts, we regret not to be able to review them to avoid a pro-
hibitive length of this Overview. Nevertheless, we indicate for interested
colleagues that non-relativistic studies were initiated in paper [19] of 1978
with the Lie-admissible completion of Galileo symmetry and relativity
for non-conservative and Galileo- non-invariant systems.

The first direct study of Galileo’s isosymmetry was done in Section
5.3, pages 225 on, of the 1983 monograph [22] formulated over conven-
tional fields. These isotopies were then systematically studied and up-
graded in the 1991 volumes [71] [72]. The formulation of Galilean isosym-
metries with the full use of isomathematics was done in the 1995 mono-
graphs [23] [24] [73].

The above studies attracted the attention of Abdus Salam, founder
and President of the International Center for Theoretical Physics (ICTP),
Trieste, Italy, who invited Santilli in 1991 to deliver at his Center a series
of lectures in the isotopies of the Galileo symmetry and relativity, said
invitation being apparently the last one by Salam prior to his death. Dur-
ing his visit at the ICTP, Santilli wrote papers [147]-[153]. The notes from
Santilli’s lectures at the ICTP were collected by some of the attendees and
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published in volume [154] of 1992.

8.4.3. Special Relativity (SR). Mainly for the sake of no-
tation, we recall that special relativity (SR) is defined on a Minkowski
space M(x, η, I) over the field of real numbers R with local coordinates
x = (x,ρ ), ρ = 1, 2, 3, 4, x4 = ct, metric η = Diag.(1, 1, 1,−1), unit
I = Diag.(1, 1, 1, 1), and spacetime interval

(x− y.)2 = (x− y)µηµ3(x− y)ν =

(x1 − y1)2 + (x2 − y2)2 + (x3 − y3)2 − (t1 − t2)2c2, (116)

which is left invariant by the Lorentz symmetry SO(3.1), the Lorentz-
Poincaré symmetry P (3.1) and its spinorial covering P(3.1).

The above methods uniquely and unambiguously characterize the
following basic axioms for a time-reversal invariant relativistic system of
point-like particles and electromagnetic waves propagating in vacuum:

AXIOM I: The speed of light c is the maximal causal speed for point-like
particles propagating in vacuum

Vmax = c (117)

AXIOM II: The addition of speeds follows the relativistic law

Vtot =
v1 + v2
1 + v1v2

c2

. (118)

AXIOM III: The dilation of time, the contraction of lengths, the variation
of mass and the mass-energy equivalence follow the relativistic laws:

t′ = γ t, (119)

`′ = γ−1 `, (120)
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m′ = γ m, (121)

E = mc2 (122)

where
β =

v

c
, γ =

1√
1− β2

. (123)

AXIOM IV: The frequency shift due to relative speed follows the law (for
null aberration)

ωrec =
ωsou

γ [1− β cos(α)]
. (124)

The above axioms are hereon assumed to be exactly valid for the as-
sumed time-reversal invariant systems.of point-like particles and electro-
magnetic waves in vacuum.

8.4.4. Special isorelativity (SIR). As a consequence of the
widely assumed reduction of the entire universe to point-like particles, it
is generally believed that special relativity and the constancy of the speed
of light c, are valid for whatever conditions exist in the universe.

In the preceding sections we have shown that such a conception can
be considered as being approximately valid, although it implies a number
of insufficiencies, such as the inability to achieve exact representations of
nuclear and molecular data due to the extended character of particles at a
mutual distances of the order of 10−13 cm (relativistic interior dynamical
problems ).

When the reduction of the universe to point–like constituents is as-
sumed as being exactly valid, it leads to serious inconsistencies that re-
main generally ignored by the mainstream physics community, although
they need to be brought to the attention of the scholars in the field. For
instance, the belief that electromagnetic waves propagating in water can
be reduced to photons propagating in vacuum and scattering among the
water molecules is afflicted by the following [24]:
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Figure 29: The light beam passing through a glass of water depicted in this figure

is generally reduced to photons for the intent of maintaining special relativity in

interior conditions. However, such a reduction is afflicted by the widely prop-

agated (yet ignored) Inconsistencies 1) to 7) of Section 8.4.1 whose resolution

mandates the completion of SR for interior dynamical conditions.

INCONSISTENCY I: The reduction of light to photons cannot repre-
sent the angle of refraction of light in water, evidently because photons
will scatter in all directions at the impact with the water surface.

INCONSISTENCY II: The reduction of light to photons cannot rep-
resent the decrease of the speed of light in water by 100, 000 km/s, be-
cause calculations have shown that the scattering of photons among wa-
ter molecules can at best represent a reduction of the speed of light of
about 7, 000 km/s.

INCONSISTENCY III: The reduction of light to photons cannot rep-
resent the propagation of light in water as a beam, again, because a beam
of photons will scatter among the water molecules and disperse in water.

INCONSISTENCY IV: The reduction light to photons has no physi-
cal sense for infrared light or radio waves with 1 m wavelength that ex-
perience the same phenomenology as that for electromagnetic waves at
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large.

INCONSISTENCY V: The reduction of light to photons scattering
among water molecules, thus propagating in vacuum at speed c, cannot
represent the Cherenkov light because said light can only occur when
electrons travel faster than the local speed of light.

INCONSISTENCY VI: The reduction of light to photons cannot re-
solve the inapplicability of the relativistic sum of speeds in water, Eq.
(118), since the sum of two light speeds in water does not yield the light
speed in water.

INCONSISTENCY VII: The reduction of light to photons cannot be
tested experimentally due to the lack of an inertial frame in water.

Following the construction of the axiom-preserving isotopies of the
various branches of Lie’s theory in the 1983 monograph [22], Santilli con-
structed the axiom-preserving isotopies of special relativity for ex-
tended particles with interval (25) in Ref. [60] for the classical part
and Ref. [61] for the operator counterpart, with the first known construc-
tion of the the Lorentz-Isotopic symmetry ŜO(3.1), today known as the
Lorentz-Santilli isosymmetry, with isotransformations (30).

Subsequently, Santilli conducted systematic studies [62]-[74] of the
isotopies of all conventional spacetime symmetries resulting in the Lorentz-
Poincaré- Santilli isosymmetry P̂ (3.1) [67] and related isospinorial cover-
ing P̂(.) [ 68][69] which are formulated on an iso-Minkowskian isospace
first introduced in Ref. [60] (see Ref. [70] for detailed studies) M̂(x̂, Γ̂, Î)

over the isofield of isoreal isonumbers R̂ with isospacetime isocoordi-
nates x̂ = xÎ, ŷ = yÎ , isometric correctly written as having elements in
the isofield R̂

Γ̂ = {η̂µν}Î = (T̂ η)Î , (125)

and isounit (Î = 1/T̂ > 0 given in Eq. (34), with invariant (25),which we
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now rewrite in the form

(x̂− ŷ)2̂ = (x̂− ŷ)µ×̂Γ̂µν×̂(x̂− ŷ)ν =

= [(x− y)Î]T̂ (η̂Î)T̂ [(x− y)Î] = [(x− y)µη̂µν(x− y)ν ]Î =

[
(x1 − y1)2

n2
1

+
(x2 − y2)2

n2
2

+
(x3 − y3)2

n2
3

− (t1 − t2)2
c2

n2
4

]Î , (126)

where: the multiplication of the interval by the isounit Î is necessary for
its value to be an element of the isofield; and the characteristic quantities
nρ, ρ = 1, 2, 3, 4 are solely restricted by the condition of being positive-
definite nρ > 0, but possess otherwise an unrestricted functional depen-
dence on all needed local variables (which shall be hereon tacitly as-
sumed) such as local coordinates x, velocity v, momentum p, energy E,
density ρ, temperature τ , pressure γ, frequency ω, wavefunctions ψ, their
derivatives ∂rψ, etc. nρ = nρ(t, r, v, p, E, ρ, τ, γ, ω, ψ, ∂ψ, .....).

A feature important for the understanding of this section is that all
(non-singular) infinitely possible realizations of the iso-Minkowski isospace
M̂ on an isoreal isofield R̂ are locally isomorphic to the conventional
space M over the reals R. This property was first proved in the 1983
paper [60] (see Refs. [23] [72] for a detailed treatment) and can be seen
from the fact that the Minkowski metric η is completed into the isomet-
ric T̂ η while, jointly, the basic unit I is completed by the inverse amount
Î = 1/T̂ , thus preserving the original metric η.

Alternatively, one can see from Eq. (125) that the numeric value of the
Minkowskian metric η is preserved under isotopies since (T̂ η)Î ≡ η.

Note the duality of the formulation, namely, the iso-Minkowski isospace
can be first written on isospace over isofields (see the first line of interval
(126)), in which case SR applies identically, and then projected on the con-
ventional Minkowski space over a conventional field (see the third line
of interval (126))where novelties appear.
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Recall that the Minkowskian geometry represents a homogeneous and
isotropic 3-dimensional space while, by comparison, the iso-Minkowskian
isogeometry represents an inhomogeneous space, due to the local variation
of the density, as well as an anisotropic space, due to the change of geom-
etry with the change of the direction.

Consequently, axioms (117)-(124) of SR do not need the identifica-
tion of the selected direction, while such an identification is necessary
for the SIR due to the indicated variation of physical characteristics with
the variation of the space direction.

Under the above clarifications, special isorelativity can be defined as
the axiom-preserving formulation of special relativity on iso- Minkowski
isospaces over isoreal isofields. Its universal LPS isosymmetry character-
izes uniquely and unambiguously the following isoaxioms first formu-
lated systematically in Refs, [72] of 1991 on conventional fields and com-
pleted in Ref.[24] of 1995 over isofields, here expressed for the selected
k-direction, e.g., that of the third space component,

ISOAXIOM I: The speed of light within (transparent) physical media is given
by the locally varying speed:

C =
c

n4

. (127)

ISOAXIOM II: The maximal causal speed within physical media is given
by:

Vmax,K = c
nk
n4

. (128)

ISOAXIOM III: The addition of speeds within physical media follows the
isotopic law:

Vtot =
v1.k
nk

+ v2.k
nnk

1 + v1v2
c2

n2
4

n2
k

. (129)
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ISOAXIOM IV: The isodilation of time, the isocontraction of lengths, the
isovariation of mass and the mass-energy isoequivalence (isorenormaliza-
tion) within physical media follow the isotopic laws:

t′k = γ̂k t, (130)

`′k = γ̂−1k `, (131)

m′k = γ̂k m, (132)

Êk = m V 2
max,k = m̂kc

2, m̂k = m
n2
k

n2
4

, (133)

where, from Eqs. (31)

β̂k =
v3/nk
co/n4

, γ̂k =
1√

1− β̂2
k

. (134)

ISOAXIOM V: The frequency shift within physical media follows the isotopic
law (for null aberration)

ωrec =
ωsou

γ̂ [1− β̂ isocos(α̂)]
. (135)

Note that the maximal causal speed in SIR is no longer given by the speed
of light, and it is given instead by value (128), because physical media are
generally opaque to light, thus requiring the broader geometric notion
derivable from the expression in (k − 4)-space

dx2k
n2
k

− dt2 c
2

n2
4

= 0. (136)

Among a variety of verifications of Isoaxioms I to V, we indicate here
the following representative examples:
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8.4.4-I. Verification of SIR within liquid media. It is an
instructive exercise for the interested colleague to verify that Isoaxioms I
to V resolve all Inconsistencies I to7 (Figure 29) in the use of conventional
axioms.

This includes the verification via isoaxiom (118) that the sum of two
local speeds of light C = c/n4 yields the local speed of light C = c/n4.
Moreover, water can be assumed to be homogeneous and isotropic for
which nµ = 1, µ− 1, 2, 3, 4 for which interval (126) becomes

(x̂− ŷ)2̂ = (x− y)2Î =

= [(x1 − y1)2 + (x2 − y2)2 + (x3 − y3)2 − (t1 − t2)2c2]Î , (137)

in which case the maximal causal speed in water is the speed of light c in
vacuum, by therefore providing the first known quantitative representa-
tion that electrons can indeed travel in water faster than the local speed of
light.

Additionally, the iso-Minkowskian geometry [70] provides a geomet-
ric representation of the difference between the actual size dact of an object
in water and that perceived by an external observer dext. For this purpose,
note that in water we have the value Î = n2

4 = 9/4 > 1. The use of the
basic law for isotopy [23] [24] d2actÎ = d2extI,, then yields the value

dext = n4dact =
3

2
dact (138)

which is essentially verified by visual inspection as one can see from Fig-
ure 30.

Intriguing similar properties occur for other external and internal char-
acteristics. For instance we have a similar distinction between the ob-
server time called external time t and related unit It = 1 (which is the time
of the external observer), and the intrinsic time t̂ with related isounit Ît
(which is the time for an internal observer). Said two times are intercon-
nected by the isotopic law tIt = t̂Ît.
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Figure 30: A view of the apparent increase of size of objects submerged in water as

seen by an outside observer. This increase is quantitatively represented by Special

IsoRelativity (SIR) via Eq. (138) of Section 8.4.4-I with intriguing geometric

implications.

The above notion of isotime appears to be significant for biological
structures [165] because we generally assume that the time felt by a seashell
î is identical to our time t, while in reality the external and internal times
may be different.

8.4.4-II. Verification of SIR within gaseous media. Recall
that the Doppler law in vacuum, Eq. (124), can be written in first order
approximation

z =
ω′

ω
− 1 ≈ ±v

c
, (139)

where the minus (plus) sign occurs for the source moving away (toward)
the observer. The corresponding expansion for the iso-Doppler law (135)
yields the expression

ẑ =
ω′

ω
− 1 ≈ ±vk

c

n4

nk
, (140)

where the factor n4/nk can be expanded in terms of (c/vk)d, d being the
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Figure 31: A view on the left of the 60′-long Isoshift Testing Station that es-

tablished the energy loss (gain), thus frequency decrease (increase) without any

relative motion of a blue laser light passing through air at 1000 psi and at −100 C
(+1500 C) called isoredshift (isoblueshift), which was first predicted in the 1991

Refs. [71] [72], and first detected in the 2010 paper [155] via the scan shown in

the right view.

travel of light in the medium

n4

nk
≈ 1± S(ρ, τ, )

c

vk
d, (141)

where S s a function of the local density ρ, temperature τ and possibly
other local variables.

The iso-Doppler law (135) then assumes the form in first order ap-
proximation, first derived in the 1991 Refs. [71] [72],

ẑ =
ω′

ω
− 1 ≈ ±v

c
± S(ρ, τ, ...)d, (142)

which represents two independent frequency shifts, the conventional Dop-
pler’s shift ±v/c due to relative motion between observer and source,
and the isoshift ±S(ρ, τ, ...)d due to loss (absorption) of energy E = hν
to (from) a gas. at temperatures lower (bigger) than 0 C, called isoredshift
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(isoblueshift), in which the prefix ”iso” denotes the sole possible deriva-
tion via isomathematics.

Following a decade of failed attempts to locate a physics laboratory
interested in proving or disproving the prediction of the isoshift [72],
Santilli conducted systematic tests in collaboration with the technicians
of Magnegas Corporation at its former laboratories located at 150 Rainville
Rd, Tarpon Springs, Florida. An isoshift Test Station (left view of Figure
31) was built consisting of a front (rear) air-conditioned cabins containing
a blue laser light (wavelength analyzers), the two cabins being intercon-
nected by a 60 ft long tube containing air at 1, 000 psi. The air tempera-
ture was varied from−30C to +200C via commercially available cooling
or heating means..

Systematic tests reported in the 2010 paper [155], established that a
blue laser light loses (gains) energy, thus decreasing (increasing) its fre-
quency, when passing through air contained in the indicated tube at 1, 000
psi and −10 C (+150 C).

Since none of the measured frequency shifts occurred with any rela-
tive motion between the source and the observer, tests [155] established
the existence of the isoshift as predicted in the 1991 monograph [72].

Systematic additional measurements were conducted in the USA and
Europe via the best available wavelength analyzers by following Sunlight
with a telescope from the Zenith to the horizon. These tests established
that the redness of the Sun at the horizon (left view of Figure 32) is due
to a loss of energy to our atmosphere such to cause the isoredshift of the
blue light into the red light (right view of Figure 32) [157] (see also lecture
f). It should be noted that the scattering of photons among the molecules
of our atmosphere is basically insufficient to represent the large redshift
from the blue all the way to the red.

8.4.4-III. Verification of SIR in astrophysics. Measure-
ments [159] provided an experimental verification on Earth of Zwicky’s
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Figure 32: In order to maintain the validity of special relativity within our inho-

mogeneous and anisotropic atmosphere, it is generally believed that the redness of

Sunlight at Sunset is due to the absorption of blue light resulting in the residual

red light, against evidence known since Newton’s time that blue light is the most

penetrant and red light is quickly absorbed by media. Systematic measurements

[159] done in the U.S.A. and in Europe established that the redness of the Sun at

Sunset (left view) is due to loss of energy to our atmosphere with ensuing isored-

shift of blue light into the red red light (right view).
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hypothesis of Tired Light [160], according to which galactic light loses
energy to the very cold intergalactic medium (mostly composed by Hy-
drogen at absolute zero degree temperature) in a way essentially propor-
tional to the covered distance d in a static universe without motion of
galaxies at such a velocity v/c to provide a contribution to the redshift.

In particular, SIR provides a direct representation of Hubble’s law
with the identification of the S quantity of Eq. (142) with the Hubble
constant H0 without any contribution from the Doppler shift

ẑ =
ω′

ω
− 1 = −H0

c
d. (143)

The above isolaw provides an excellent representation of astrophysi-
cal data on cosmological redshift as shown in Ref.[161], including a pro-
portionality from the distance, the representation of the very large red-
shift of light from galaxies at the end of the known universe without any
need for superluminal speeds of entire galaxies or the hyperbolic and
unverifiable assumption that space itself is expanding.

The numerical representation of internal galactic redshift anomalies
occurs via the use of the isoredshift for star light propagating through the
cold peripheral intergalactic medium, and the isoblueshift for star light
passing trough hot intergalactic medium near a black hole [162].

The acceleration of the cosmological redshift with the distance d can
be beautifully represented via a gravitational contribution to the redshift
of galactic light passing near stars or galaxies in their long travel to Earth
[163].

The above results set the foundations of the new Tired Light Cosmol-
ogy representing a static universe in total EPR entanglement (Figure 1) ac-
cording to the view preferred by Einstein, Hubble, Hoyle, Zwicky, Fermi,
and others who died without accepting the expansion of the universe.

Note that for about one century the cosmological redshift z has been
interpreted to be a direct ”measurement” of the speed v of galaxies in an
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expanding universe according to the SR law (139), while in reality the
identification z = v/c is an assumption due to the existence of the Tired
Light and other interpretations of the cosmological redshift.

SIR has established that the identification z = v/c is an experimentally
unverifiable assumption since the cosmological redshift z can be equally
interpreted via Zwicky’s Tired Light without any expansion of the uni-
verse, and via other models such as that of the Tired Time [85].

Note that the assumption z = v/c implies

v

c
=
Ho

c
d, (144)

from which
v = Hod, (145)

which establishes the radial character of the conjectured expansion of the
universe necessarily implying Earth at its center [163].

Following one century of oblivion of Einstein’s rejection of the expan-
sion of the universe as well as the oblivion of Einstein’s view that ”quan-
tum mechanics is not a complete theory, ” it is hoped that cosmologists
will compare the new Tired Light Cosmology with EPR entangled uni-
verse [155]-[162] with the forgotten conceptual, geometrical and physical
insufficiencies or sheer inconsistencies of the unverifiable conjecture of
the expansion of the universe [163] [164] (see also debate [76] for details).

8.4.4-IV. Verification of SIR with the mean-life of un-
stable hadrons. Ref.[166] of 1964 suggested that non-linear and non-
local effects in the interior of hadrons caused by their high density can
manifest themselves in the outside via deviations of the behavior with
energy of their mean lives τ from time evolution law (119), i.e.,

τ ′ =
τ√

1− v2

c2

. (146)
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Figure 33: In this figure, we show the exact fit by special isorelativity experimental

data [168] showing deviations from special relativity law (119) in the behavior of

the mean-life of Kaons from 1 to 100 GeV (left fit) as well as experimental data

[168] joined with those of Ref. [169] claiming the confirmation of special relativity

law (119) between 100 to 400 GeV (right fit) [170]-[172].

Numerous generalizations of said law were then proposed, but Ref.
[167] showed that, in view of the universality of the Lorentz-Santilli isosym-
metry ŜO(3.1) for all possible symmetric space-tines (116), all said gen-
eralized time evolution laws are particular cases of the SIR isolaw (130),
i.e.

τ ′ =
τ√

1− v2k
c2
n2
4

n2
k

. (147)

since they can be all obtained via different expansions of the term n2
4/n

2
k

in different variables and with different truncations. Consequently, Ref.
[167] provided a significant clarification for experiments since they can
be all restricted to test isolaw (130).

Experiments on the indicated prediction of deviation from law (146)
were conducted in 1983 [168] for the behavior of the unstable kaons with
speed and established deviations from law (119), consequently in favor
of isolaw (130) from 1 to 100 GeV . A counter-experiment was done in
1987 [169] claiming the confirmation of law (119) between the different
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range of 100 to 400 GeV .
Refs. [170] [171] showed that the data from both experiments [168]

and [169] can be exactly fit with the iso-Minkowskian geometry of rel-
ativistic hadronic mechanics [60] [70] (Figure 33). The 1992 Ref. [172]
confirmed the findings of Refs. [170] [171], by indicating flaws in the the-
oretical elaboration of the form factors of counter-experiments [169]. A
detailed presentation is available in Ref. [74], Vol. IV, Section 9.

It is unfortunate for our scientific knowledge that. according to the
official position of the editors of the journals of major physical societies,
SR is claimed to be exactly valid in the interior of hadrons following the
1987 counter-experiment [169] despite the fact that the deviations from
SR laws remained established between 100 to 400 GeV and in complete
oblivion of refs. [170] [171], while requests made to various particle
physics laboratories over decades to run the experiment again rom 1 to
400 GeV have been generally discredited.

8.4.4-V. Verification of SIR in the Bose-Einstein cor-
relation. As it is well known (see, e.g., Ref. [173]), the fit of the ex-
perimental data of the two-point correlation function of the Bose-Einstein
correlation for proton-antiproton annihilation requires four different ar-
bitrary parameters of unknown origin or meaning called the chaoticity
parameters. It has been shown in Refs. [85] [86] that this occurrence is
clear evidence on the lack of exact character of SR for proton-antiproton
annihilation for a number of reasons, including the fact that the vacuum
expectation value of the two-point correlation operator C2×2 is given by
the known quantum mechanical expression

< C2×2 >=< ψ|C2×2|ψ >, (148)

which, being two-dimensional and real-valued, can at best allow two pa-
rameter following due manipulation of the basic axioms.

By contrast, the use of relativistic hadronic mechanics [24] implies the
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Figure 34: The fit of experimental data for the two-point correlation function

of proton-antiproton annihilation in the Bose-Einstein correlation requires ’four’

arbitrary parameters of unknown origin [173]. Refs. [85] [86] (see also review

[174]) have shown the inapplicability of special relativity for the proton-antiproton

annihilation in favor of the exact fit via special isorelativity at high energy (left

plot) and low energy (right plot) from which the four characteristic quantities nµ
of the iso-Minkowskian geometry represent the very elongated fireball of proton-

antiproton annihilations, Eqs. (150)-(151).

following isoexpectation value

<̂C2×2>̂ =< ψ̂|×̂C2×2×̂|ψ̂ >=< ψ̂|T̂2×2C2×2T̂2×2|ψ̂ > . (149)

It is then easy to see that the positive-definite 2 × 2-dimensional iso-
topic element T̂2×2 > 0 does indeed allow in its non-diagonal realiza-
tion the introduction of four characteristic quantities n2

µ, µ = 1, 2, 3, 4
from first axiomatic principles without any adulteration, whose value
is fit from the experimental data resulting in the values (Ref. [85], Eqs.
(10.27a), page 127, Ref. [86], Table I, page 441, and review [174])

n2
1 = n2

2 = 10.666, n2
3 = 0.355,

n1 = n2 = 3.265, n3 = 0.595 (150)

n2
4 = 0.429, n4 = 0.654. (151)
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One can see from values (150) that the fit of the experimental data
(Figure 34) characterizes the known prolongated toroid of the proton-
antiproton fireball, while value (151) characterizes its density (for details,
see Ref. [75]. Volume IV, Section 10, page 802-809 and review [174]).

8.4.4-VI. Verification of SIR with superluminal speeds.
8.4.4.VIA. Solution of the historical Lorentz problem.
The most important implication of the axiom-preserving isotopies of the
Lorentz symmetry achieved in the 1983 paper [60] is the solution of the
historical Lorentz problem, namely, the invariance of the locally varying
speeds of light C = c/n that Lorentz could not solve due to the linearity
cf Lie’s theory, by being therefore forced to restrict his invariance to the
particular case of a constant c.

In the author’s view, the most important implication of the EPR argu-
ment [1] applied to isosymmetry [60] can be expressed with the following
property from Ref. [175] [176]: :

LEMMA 8.4.1. The axioms of Einstein’s special relativity provide a repre-
sentation invariant over time of speeds of light through transparent media
that can be arbitrarily bigger or smaller than the speed of light in vacuum,

C =
c

n4

Q c. (152)

PROOF:
Isosymmetries ŜO(3.1), P̂ (3.1) and P̂ of isospacetime(126) [60]-[70] (see
Refs. [24] and [213] for a review) require no restrictions on the value and
functional dependence of the characteristic quantities of the medium, ex-
cept for the condition of being positive definite, nµ > 0, µ = 1, 2, 3, 4.
Consequently, said isosymmetries provide a characterization of arbitrary
local speeds of light, Eq. (152), in a way fully compatible with the ax-
ioms of SR because said isosymmetries are locally isomorphic to the cor-
responding conventional spacetime symmetries SO(3.1), P (3.1), P. The
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proof of the invariance over time of arbitrary speeds (152) can be done
via a simple isotopy of the invariance over time of the speed of light c
under the conventional symmetries SO(3.1), P (3.1), P.
Q.E.D.

Alternatively, SR can be fully realized on the Minkowski-Santilli iso-
space [70] M̂(x̂, Γ̂, Î) over the isoreal isofields R̂ with isounit Î = 1/T̂ > 0,
in which case the line element given by the top line of Eq. (126).

The realization of the isocoordinates

x̂µ =
xµ

nµ
Î , (153)

then yields isosymmetries ŜO(3.1), P̂ (3.1), P̂ with arbitrary speeds (152).
The propagation of light within transparent liquids with densities

n4 > 1 and light speeds smaller than that in vacuum, C = c/n4 < c,
has been known for centuries (Section 8.4.4-I), e.g., for the case of water
with density characterized by n4 = 1.5 for which we have (Figures 29, 30)

C =
c

1.5
= 0.666c = 200K km/s. (154)

Note that the characteristic quantity n4 provides a geometric charac-
terization of the density of the medium whose actual value is given by
D = 1/n4.

Note also Inconsistencies 1) to 7) in the event mainstream physicists
attempt to maintain in water the speed of light in vacuum via the usual
reduction of electromagnetic waves to photons.

Recall that the Cherenkov light we see in the pools of nuclear power
plants establishes the propagation of electrons in water at speed bigger
than the local speed of light.

SIR has generalized the above Cherenkov effect to hyperdense physi-
cal media with geometrized densities n4 < 1 resulting in arbitrary speeds
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C = c/n4 > 1. This result is implicit in all experimental fits of particle
physics experiments to date via the SIR (e.g., Figures 33, 34). The result
is also implicit in all structure models of hadrons, nuclei and stars based
on the EPR completion of quantum into hadronic mechanics [36] [74].

As an illustration, recall from Section 8.2.2 that the sole known possi-
bility to represent all characteristics of the neutron in its synthesis from
the hydrogen is that the energy of the isoelectron is isorenormalized ac-
cording to Eq. (36) from me = 0.511 MeV to mê = 0.511 + 0.784 =
1.295 MeV , by therefore yielding the expected geometrized density of
the proton

n4 =
0.511

1.295
= 0.394 < 1, (155)

whose order of magnitude is confirmed by the geometrized density of
the proton-antiproton fireball in the Bose-Einstein correlation (Ref. [85],
Eqs. (10.27a), page 127).

This implies that the isoelectron is rotating inside the hyperdense proton
(Figure 11) with the superluminal tangential speed

C =
c

0.394
= 2.538 c. (156)

Superliuminal speeds are generally obtained within the π0 meson [20]
and hold for all remaining hadrons since they all have masses bigger than
that of the π0, while having essentially the same size of the π0. Conse-
quently, SIR suggests that particles travel at a superluminal speed that be-
gins with the interior of the π0, and increases with the increase of the mass
of the hadrons in a way parallel to the progressive regaining of Einstein’s
determinism with the increase of the density of hadrons [210]-[214].

8.4.4.VIB. Geometric locomotion. It may be of some inter-
est to mention the mathematical prediction by SIR of spaceships traveling
at speeds much bigger than the speed of light in vacuum which speeds
are evidently necessary for any interstellar travel. The prediction was
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submitted in Section 4.3.3, page 281 of the 2006 monograph [29] under
the name of geometric locomotion, also known as isolocomotion due to
the need of its treatment via isomathematics. Isolocomotion is an intrin-
sic feature of the iso-Minkowskian geometry [70] and its Lorentz-Santilli
isosymmetry [60].

Recall that the main notion of any geometry dating back to Euclid is
the distance d between two points, which we write d1, where 1 is the unit
of measurement (as well as the unit of the basic numeric field), e.g. 1 m.
Recall the preservation of numeric values under axiom-preserving iso-
topies [24], which we write d 1 ≡ d̂1̂. Isolocomotion is based on means
capable of altering the local geometry in such a way to increase the value
of the isounit 1̂ in the desired direction, with consequential decrease of
the distance d̂ in the selected direction. Isolocomotion then occurs with-
out any possible geometric singularity, such as instantaneous accelera-
tions, sharp changes of direction, or arbitrary speeds because the inte-
rior observer in the iso-Minkowski isospace is at rest since locomotion
is achieved via the change of the geometry in its environment. By con-
trast, an observer in our external Minkowski space may see the distance
d being covered at a multiple the speed of light c.

Alternatively, the aim of isolocomotion is to achieve arbitrary speeds
without violating SR. This is mathematically achieved by turning a space-
ship into rather complex interior conditions via the mutation of the sur-
rounding geometry, with ensuing local applicability of SIR and related
arbitrary speeds.

8.4.4.VIC. Interstellar travel. Recall that no interstellar travel
is nowadays possible because of: 1) The need for superluminal speeds,
2) The impossibility of carrying along the necessary fuel, 3) The abil-
ity of changing directions at superluminal speeds to avoid collisions, 4)
The need for virtually instantaneous communications, and other require-
ments.
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The possible achievement of superluminal speeds has been discussed
in the preceding section. Studies on a future resolution of the fuel prob-
lem have been initiated in Refs. [29] [175]. The main result is that quanti-
tative studies for future interstellar travels can indeed be conducted pro-
vided that space is conceived as a universal substratum (ether) with an
extremely big energy density for the characterization and propagation of
particles and electromagnetic waves (Section 8.2.3).

In different words, the sole known possibility for interstellar travel is
that the needed fuel has to be extracted from the ether.

The complexity of the problem soon emerges when considering the
need for two co-existing ethers, one with positive energy for the charac-
terization of matter, and one with negative energy for the characteriza-
tion of antimatter [29]. This structure is of such a complexity that, in the
author’s view, can be best represented via the hyperstructural branch of
hadronic mechanics [24].

Despite its complexity, the above conception of a universal substra-
tum implies that immense values of positive and negative energy are
available everywhere in the universe. Future attempts at the realization
of isolocomotion are then reduced to engineering means for the direc-
tional transfer of negative energy from the ether to the spaceship. Under
the indicated conditions, isolocomotion occurs via matter-antimatter re-
pulsion.

The third problem (how to avoid collisions with astrophysical objects)
is perhaps the most complex of all problems connected with interstel-
lar travel since its sole solution is a change of the very structure of the
spaceship in such a way to pass through planets without any damage, as
shown in reports by the U. S. Navy of UFO entering in the sea at high
speeds without causing any wave. Conceivably, the alteration of the ge-
ometry of the ether can mathematically be such to produce the needed
”de-materialization.”

In short, the ether appears to have a truly fundamental role for inter-
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stellar travel due to various reasons treated in Ref. [175], as a result of
which the ether is considered by an increasing number of scientists as the
most important frontier of the third millennium.

In closing, we point out that the entire content of this section, includ-
ing superluminal speeds, is fully compatible with the axioms of Einstein’s
special relativity, only realized in their most general possible form [175]
[176].

An additional study of the implications of the EPR argument for su-
perliuminal communications was presented at the 2020 Teleconference
[0] by Y. F. Chang from China and it is available in Ref. [218].

8.5. Application of EPR completions to exte-
rior gravitational problems.
8.5.1. Universal invariance of Riemannian intervals.
As it is well known, Lie’s theory can only provide the invariance of lin-
ear theories and this explains the reason for the inability to construct Lie
symmetries of Riemannian intervals due to their non-linearity.

A primary motivation for the construction of the non-linear comple-
tion of Lie’s theory into the covering Lie-Santilli isotheory [21]-[25] [50]
[55] [201] [226] has been the construction of the universal isosymmetry of
Riemannian intervals.

The above objective was studied for the particular case of isointerval
(126) in which the isometric η̂µν coincides with a Riemannian metric g(x),
and resulted in the following basic isosymmetries (see the review in Ref.
[213]): 1) The iso-Lorentz symmetry, nowadays called the Lorentz-Santilli

(LS) isosymmetry ŜO(3.1) first achieved at the classical level in the 1983
paper [60] with operator counterpart in Ref. [61];

2) The iso-Poincaré isosymmetry, nowadays called the Lorentz-Poincaré-

Santilli (LPS) isosymmetry P̂ (3.1), first achieved in the 1993 paper [67]
written at Moscow State University; and

3) The spinorial covering of the LPS isosymmetry P̂(3.1), first achieved
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at the 1994 paper [68] written at the JINR, Dubna, Russia (see also the
1995 paper [69] published in China).

The understanding of the remaining parts of this section requires a
technical knowledge that the isotopic symmetries formulated on iso-Min-
kowskian isospaces over isofields are locally isomorphic to the corre-
sponding conventional symmetries formulated on a Minkowski space
over a numeric field, i.e., ŜO(3.1) ≈ SO(3.1), P̂ (3.1) ≈ P (3.1), P̂(3.1) ≈
P(3.1).

8.5.2. Isogeometric unification of special and general
relativity. As indicated earlier, the iso-Minkowskian geometry [60] [70]
includes as particular cases all possible geometries with symmetric space-
time intervals (126), thus including the Minkowskian, Riemannian, Fyns-
lerian and other geometries.

Consequently, the iso-Minkowski geometry is particularly suited for
the isogeometric unification of Einstein’s special and general relativities un-
der the universal LPS isosymmetry, namely, a unification based on iso-
mathematics while maintaining identically Einstein’s field equations

Rµν −
1

2
RµνR = 0. (157)

Consider an arbitrary non-singular Riemannian metric g(x) where x
are the conventional space-time coordinates. Its identical reformulation
via isomathematics requires the decomposition of g(x) into the product
of the Minkowski metric η multiplied by a 4× 4 positive-definite gravita-

tional isotopic element T̂gr(x) [177] [178],

g(x) = Tgr(x)× η = η̂gr. (158)

The resulting iso-Minkowskian isospace M̂(x̂gr, η̂gr, Îgr) is then formu-
lated over an isoreal isofield R̂ with gravitational isounit given by the in-
verse of the gravitational isotopic element,

Îgr(x) = 1/T̂gr(x), (159)
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and local isocoordinates
x̂gr = xÎgr. (160)

Exterior general isorelativity (EGIR) [177]- [182] can be defined as the
formulation of general relativity on isospace M̂(x̂gr, η̂gt, Îgr) over an isoreal

isofield R̂ under the condition that its projection on a Riemannian space
over a conventional field recovers general relativity uniquely and identically.
Consequently, by construction, isogravitation is a mere reformulation of
general relativity via the use of isomathematics. The terms exterior iso-
gravitation are used to recall that general relativity describes the exterior
gravitational field in vacuum, in preparation of the complementary inte-
rior gravitational problem studied in the next section.

Note that, in view of the dependence of the isometric η̂(x) on space-
time coordinates, the iso-Minkowski isogeometry is formulated with the
entire mathematical machinery of the Riemannian geometry, although
expressed in terms of the isodifferential isocalculus [70].

Note also that isogravitation provides the reformulation of general
relativity with the axioms of special relativity in their isotopic formula-
tion, Isoaxioms I to V.

The isogeometric unification of special and general relativities is then
assured by the fact that isogravitation is an identical reformulation of
general relativity while admitting special relativity at the simple limit

LimÎgr I. (161)

8.5.3. Resolution of century-old controversies in grav-
itation? As it is well known to experts in gravitation, although rarely
admitted, general relativity has been plagued by a host of controver-
sies that have not been resolved in about one century of studies, such as
the apparent incompatibility of general relativity with special relativity,
quantum mechanics, grand unifications and other 20th century theories.
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In the author’s view, protracted physical controversies are generally
due to the fact that the used mathematics is insufficient for the solution
of the problem considered. For the case of general relativity, it has been
shown that the origin of the controversies can be reduced to the incom-
patibility of the Riemannian geometry with the axiomatic structure of
20th century theories, since the latter are all defined on flat spaces, while
the former is defined on a curved space.

Isogravitation (GIR), that is, the reformulation of general relativity via
the iso-Minkowskian geometry, appears to offer realistic possibilities of
resolving the indicated century-old controversies, as illustrated by the
following comments:

1) Isogravitation is isoflat, namely, it is flat on isospace over isofield.
This important feature can be seen from the fact that the isogravitational
isometric η̂gr is given by the Minkowski metric η multiplied by the iso-
topic element T̂gr according to Eq. (158), while jointly the basic unit of
the Minkowski geometry I = Diag.(1, 1, 1, 1) is completed by the inverse
amount, Eq. (150), resulting in no curvature. In the author’s view, the
isoflatness of GIR is important for the achievement of compatibility be-
tween gravitation and 20th century theories for the indicated reason that
the latter are formulated in flat spaces.

2) Invariance under isosymmetries that are locally isomorphic
to the corresponding conventional symmetries (Section 8.5.1). Recall
that another reason for the incompatibility of GR with 20th century theo-
ries is the invariance of the former under the Lorentz and Poincaré sym-
metries compared to the lack of invariance for GR. It is then evident that
the reformulation of gravitation in a form admitting symmetries locally
isomorphic to the conventional symmetries provides serious support for
the compatibility of isogravitation and 20th century theories.

3) Unique and unambiguous limit of isogravitation into spe-
cial relativity [177]. Recall that the limit of general into special relativity
has remained controversial for a century due to numerous reasons [181],
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such as the impossibility of recovering from the Riemannian geometry
the Poincaré symmetry of special relativity, let alone its generators (con-
served quantities). These controversies appear to be resolved by isograv-
itation due to its formulation via the axioms of special relativity. Addi-
tionally, SR is recovered from GIR in full via simple limit (161).

4) Unique and unambiguous operator formulation of gravita-
tion [177]. An additional reason for controversies is the lack of a clear and
unambiguous quantum mechanical formulation of GR. This is due to the
fact that GR is a non-canonical theory whose consistent operator image
is then given by non-unitary theories. But the latter theories formulated
in conventional fields violate causality as indicated various times in this
Overview, resulting in the lack of a unique, physically consistent opera-
tor image of GR. This additional, century-old controversy is resolved by
the fact that the operator image of GIR is uniquely and unambiguously
given by relativistic hadronic mechanics [36] when characterized by the
gravitational isounit Îgr, E q. (159). Additionally, relativistic hadronic
mechanics is isounitary, that is, unitary on isospaces over isofields, thus
recovering causality.

5) Unique and unambiguous grand unification [178]. Recall the
impossibility to achieve a consistent grand unification of gravitation with
other interactions beginning with Einstein’s own failed attempts. In addi-
tion to a number of problematic aspects [181], this impossibility is primar-
ily due to the curvature of the Riemannian geometry because, when com-
bined with electromagnetic and/or weak interactions, curvature causes
the collapse of their axiomatic structure, beginning with the loss of space-
time, gauge and other symmetries. This additional century-old contro-
versy appears to be resolved by isogravitation because of its isoflatness,
as studied in detail in monograph [29]. Note that the resulting grand uni-
fication required, for consistency, the addition of the gravity of antimatter
via the isodual cf completion of charge conjugation (Section 7.7).

6) Historical objections against the curvature of space. As it is
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well known, when looking at the Sun at Sunset, the Sun is already below
the horizon due to the refraction of Sun light in our atmosphere without
any possible curvature of space. The historical, well known (but rarely
mentioned) objection against the curvature of space is that the bending of
light passing near our Sun is due to its refraction of light within the Sun
chromospheres. Additional controversies occur from the fact that space
is assumed to be empty. It is therefore counter-intuitive for a number
of physicists to accept the idea that the curvature of an empty space can
control the trajectory of large planets such as Jupiter. Additional contro-
versies on curvature can be found in the debate [192].

7) Lack of time-invariant numerical predictions. Recall that a
majestic feature of special relativity is the preservation over time of nu-
merical prediction due to the invariance of the theory under the Lorentz-
Poincaré symmetry. The canonical character of SR then assures the unique-
ness of the space-time metric for all experimental verifications. As it is well
known to historians (but also rarely spoken), the lack of Lie symmetries
in the Riemannian geometry mandated the replacement in GR of the no-
tion of invariance with that of covariance. However, such a replacement
triggered a number of controversies, the first controversy being due to
the the lack of uniqueness of the Riemannian metric for all experimental
verifications in exterior conditions, with ensuing lack of final experimen-
tal results. Secondly, the use of covariance instead of invariance implies
that numerical predictions of GR are not preserved over time, with the
ensuing additional reason for the lack of final character of experimental
verifications [161]. Additional controversies have occurred for experi-
mental verifications of GR due to the apparent ad hoc selection of the
PPN approximation for the selected experiment. It appears that GIR of-
fers realistic possibility of resolving the indicated controversies on exper-
imental verifications in case seeded in a receptive scientific environment
(for additional controversies, see next section and Ref. [182]).
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Figure 35: On the left of this figure, we reproduce the proposal in page 145
of the 1974 MIT paper [185] to test the Poincaré hypothesis that the exterior
gravitational field of a mass is entirely due to the electric and magnetic fields
of the charged constituents in high dynamical conditions. In the right of
this figure, we show the Gravity Generator Equipment (GGE) manufactured
by Hadronic Technologies Corporation to test the Poincaré hypothesis in
the expectation of its conduction by a physics laboratory with a sufficiently
sensitive gravity meter.

8.6. Application of EPR completions to inte-
rior gravitational problems.
8.6.1. Exterior and interior gravitational problems. In
the first part of the 20th century, dynamical problems were called exte-
rior problems when dealing with point-particles in vacuum and interior
problems when dealing with particles in the interior of physical media.
For instance, Schwartzschild wrote two important papers: the first paper
[183] in the exterior gravitational problem that became justly famous, and
the second paper [184] on the interior gravitational problem that continues
to remain vastly ignored because not compatible with Einstein general
relativity.

This view is essentially based on the fact that the reduction of mat-
ter to point-like constituents according to quantum mechanics, essentially
eliminates any major distinction between exterior and interior problems.
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The admission of the physical reality that particles in general, and
hadrons in particular, are extended, and the ensuing verifications [210]-
[214] of the EPR argument [1], reinstate the structural difference between
exterior and interior gravitational problems adopted by Schwartzschild
[183] [184[, due to the very complex interactions occurring for particles
in interior conditions, ultimately reducible to deep EPR entanglements
(Figure 1 and Section 7.2.3), which internal interactions are completely
absent for the same particles in exterior conditions.

8.6.2. Interior General Isorelativity (IGIR). As noted in
Section 8.5, general isorelativity (GIR) is characterized by an isometric
solely dependent on space-time isocoordinates η̂(x̂), in which case the
theory can solely represent the exterior gravitational field.

In general, the isometric has an unrestricted dependence on all needed
local variables [70]

η̂ = η̂(x, v, p, E, µ, τ, ρ, ....) = T̂gr(x, v, p, E, µ, τ, ρ, ....)η. (162)

Consequently, isogravitation may indeed allow the study of interior grav-
itational problems, resulting in a theory called interior general isorelativity
(IGIR).

One of the best illustrations of IGIR is given by the iso-Dirac isoe-
quation, also known as Dirac-Santilli isoequation, on an iso-Minkowskian
isospace M̂(x̂, η̂, Î) first introduced in Ref. [70] of 1995

(−iÎ η̂µν γ̂µ∂ν +mC)|ψ̂(x̂) >= 0. (163)

In this case, the Dirac-Santilli isomatrices γ̂Î are given by

γ̂k = 1
nk

(
0 σ̂k
−σ̂k 0

)
, γ̂4 = i

n4

(
I2×2 0

0 −I2×2

)
, (164)

where σ̂k are the regular Pauli-Santilli isomatrices used for the EPR verifi-
cation [211] (see realization(39) via Bohm’s hidden variables and Section
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3.3 of Ref. [213] for the general case), with anti-isocommutation rules

{γ̂µ̂,γ̂ν} = γ̂µT̂ γ̂ν + γ̂νT̂ γ̂µ == 2η̂µν . (165)

The simpler case of GIR holds when the isometric coincides with a Rie-
mannian metric, η̂µν = g(x)µν , including the Schwartzschild metric, by
therefore describing an isoelectron-isopositron pair under an external grav-
itational field.

The isogeometric unification of this section is illustrated by the fact
that Eq.(163) allowed the representation of all characteristics of the neu-
tron in its synthesis from the hydrogen with the sole change of the metric
into one used for SIR, such as that of the EPR entanglement of Section
7.2.3 [70].

8.6.3. Black or brown holes? The study of IGIR has been rudi-
mentarily initiated in Ref. [180] with intriguing outcome, such as the
apparent reformulation of black holes into brown holes in representation of
the lack of existence of singularities in nature.

Alternatively, the reformulation of black into brown holes appears to
indicate the existence of a limit in the compressibility of protons at the
divergence of their entangled number

8.6.4. Studies in the origin of gravitation. Recall that the
gravitational field of a mass originates in the interior of the mass. Hence,
a historical open problem is that of the origin rather than the sole descrip-
tion of a gravitational field.

It may be of some interest to know that IGIR can be defined as a repre-
sentation of the origin of the gravitational field with particular reference to
the study of matter-matter gravitational attraction and matter-antimatter
gravitational repulsion.

As an example, a typical problem of the IGIR is the study of Poincaré’s
hypothesis that the exterior gravitation field of a mass is entirely gener-
ated by the electric and magnetic fields of its charged constituents.
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The Poincaré hypothesis has been studied in detail in the 1974 MIT
paper [185] via advanced and retarded formulations of quantum field
theory. This study confirmed that the electromagnetic field of all charged
components of a mass, including atomic and nuclear constituents, can
indeed be the complete source of the exterior gravitational field of a mass
even when the total charge is zero.

This study implies the existence of a gravitational source F̂ elm
µν repre-

senting the origin of the gravitational field, with ensuing completion of
field equations (157) [180] into the form

R̂µν −
1

2
R̂µνR̂ = kF̂ elm

µν , (166)

which does verify the forgotten Freud identity of the Riemannian geom-
etry [181].

Note that Eq. (163) no longer represent gravitation via curvature and
this explains the reason for which the study of the Poincaré hypothesis
in the origin of the gravitational field has been vastly ignored by main-
stream physics for one full century (see debate [91] for details) despite
Einstein’s doubts on the r.h.s. of field equations (162) which he called ”a
house made of wood” while called the l.f.s. ”a house made of marble.”

For non-initiated readers, we should recall that Eq. (163) is fully ad-
mitted by conventional GR although, in this case, F̂ elm

µν represents the
field of the total charge of the mass considered, with ensuing extremely
small contribution to the gravitational field that, as such, remains repre-
sented by curvature.

By contrast, in field equation (163) according to the 1974 paper [185],
the term F̂ elm

44 represents the total mass of the body assumed to be neutral,
the extension to the a non-null total charge being trivial. In this case, the
gravitational field cannot be represented via curvature, because it is cor-
rectly represented by the iso-Minkowskian geometry that, as indicated
earlier, is flat.
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The basic open problems of the IGIR can then be tentatively formu-
lated as the study of: the gravitational attraction of two masses repre-
sented with two equations of type (163)a; and the study of the gravita-
tional repulsion between one mass represented with Eqs. (163) and its
antimatter image represented via the isodual iso-Minkowskian geometry
and isodual image of Eqs.m(163) [29] [70].

Additional studies in the general relativistic formulation of the elec-
tromagnetic field and its implications for quantum gravity are available
from contributions [225] and [234] of the 2020 Teleconference [0].

8.6.5. Experimental test of the origin of gravitation. An
experiment to prove or disprove the Poincaré hypothesis was suggested
in page 145 of the 1974 MIT paper [185] (Figure 35). The U. S. Hadronic
Technologies Corporation has constructed the equipment according pro-
posed in Ref. [185] called gravity generation equipment (GGE), essentially
consisting of a series of discs with null total charge of 1” thickness and
diameter varying from 3” to 5”.The discs are composed by various ma-
terial, such as aluminum or Iron, which discs are put in rotation up to
100, 000 rpm by a specially designed sequence of spindles (Figure 34).

The proposed experiment essentially consists in: 1) placing the indi-
cated GGE next to a highly sensitive gravity detector; 2) measuring the
local gravitational field when the GGE is disconnected; and 3) measur-
ing the local gravitational field when the GGE is progressively activated
up to the maximal 100, 000 rpm. The detection of any gravitational field
when the GGE discs are rotating would establish the first known creation
in laboratory of a gravitational field. Note that there is no need for the
GGE discs to be charged (see Ref.[185] for details).

In the author’s view, Einstein’s geometric conception of gravitation as
being entirely due to curvature is one of the most beautiful and impor-
tant discoveries by the human mind. However, such a conception has
merely initiated, rather than ended, the studies in gravitation in view of
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Figure 36: It is generally accepted in the physics community that quantum me-

chanics is inapplicable in the interior of a black hole. Consequently, quantum

mechanics should not be expected to be applicable in the interior of the scattering

region of current high energy particle experiments in accordance with the EPR

argument [1].

century-old controversies yet to be resolved, and so much remains to be
discovered theoretically and experimentally.

8.7. Application of EPR completions to high
energy scattering experiments
The non-relativistic and relativistic elaboration of high energy scattering
experiments with the EPR completion of the quantum into hadronic me-
chanics is known as:

i) isoscattering theory, when possessing a Lie-isotopic algebraic struc-
ture for the representation of elastic, thus time-reversal invariant scatter-
ing experiments on an iso-Hilbert isospace Ĥ over the isofield Ĉ;

ii) genoscattering theory, when possessing a Lie-admissible algebraic
structure for the representation of inelastic, thus time irreversible scatter-
ing experiments on an geno-Hilbert genospace Ĥ> over the genocomplex



167

genofield Ĉ>; and
iii) hyperscattering theory, when elaborated via hyperstructures for the

representation of time irreversible multi-particle scattering experiments
requiring a three-dimensional multi-valued representation on a hyper-
Hilbert hyperspace over the hypercomplex hyperfield [24] [233].

Studies in the field were initiated by R. Mignani in 1984 [186] and con-
tinued by other authors (see the 1995 review in Chapter 12 of Ref. [24]).
Subsequent detailed studies have been conducted by A. K. Aringazin et
al. [54], A. O. E. Animalu et al. [187] [215].

Numerous additional works exist in the formulation of non-unitary
scattering theories, but they are formulated on a conventional Hilbert
space H over the conventional field of complex numbers C, thus gen-
erally violating causality [23] [212]. Nevertheless the latter scattering
theories are significant because they can be easily reformulated on the
appropriate iso-, geno- or hyper-space over a corresponding iso-, geno-
or hyperfield, by becoming iso-, geno- or hyper-unitary theories and re-
gaining in this way causality.

By recalling the preservation of quantum mechanical axioms by hadro-
nic mechanics (Section 8.4.4-I), and by remembering the dual formulation
of hadronic mechanics on isospaces over isofields and their projection on
conventional spaces over conventional fields, to the author’s best knowl-
edge the application of the EPR completions to high energy scattering
experiments essentially implies the following:

a) The simplest possible Copenhagen realization of quantum mechan-
ical axioms for point-particles in vacuum is no longer exactly valid for
the hyperdense interior of high energy scattering regions due to their ap-
proaching the density of black holes, in favor of the broadest possible re-
alization of quantum mechanical axions according to the iso-, geno- and
hyper-structural branches of relativistic hadronic mechanics (Figure 36).

b) All theoretical as well as numerical results of high energy scattering
experiments released by particle physics laboratories to date remain valid
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when formulated on an iso-, geno-, or hyper-Minkowskian isospace over
an iso-, geno-, or hyper-complex fields.

c) The projection of the preceding formulations on our physical Min-
kowski space-time over the field of real numbers requires isorenormal-
ization (133) of Isoaxiom IV of the energy and other isorenormalizations
of the characteristics of intermediate particles which have been crucial for
the exact representation of the neutron synthesis (Section 8.2.2), nuclear
data (Section 8.2.5), molecular data (Section 7.2), and other data.

9. CONCLUDING REMARKS
The author has stated various times in his works that the basic axioms
of quantum mechanics and special relativity are majestic in view of their
mathematical consistency, predictive power, and preservation over time
of numerical results for the conditions of their original conception (point
particles in vacuum).

A central feature of the research outlined in this Overview is that the
basic axioms of quantum mechanics are preserved identically in the ver-
ifications and applications [210]-[214] of the EPR argument [1], and they
are merely realized in their most general possible form.

A similar situation occurs for special relativity because, when equally
realized in their most general possible form, its axioms appear to al-
low: a geometric unification of Einstein’s special and general relativi-
ties; their extension to interior dynamical problems; the apparent reso-
lution of century-old controversies in gravitation; the study of the ori-
gin (rather than the sole description) of the gravitational field; the study
of the mechanism of matter-matter gravitational attraction and matter-
antimatter gravitational repulsion; and other intriguing open problems.

In closing, the EPR argument provides indeed grounds for the axiom-
preserving completion of Copenhagen’s simplest possible realization of
quantum axioms into their broadest possible realization suggested by
hadronic mechanics.
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ABOUT THIS BOOK

This book presents an overview of the various topics studied at the 2020 International Telecon-
ference on the Einstein-Podolsky-Rosen Argument that Quantum mechanics is not a complete
theory, including:

1) The 1935 EPR objections against quantum entanglements due to the strictly local char-
acter of quantum mechanics with consequential need for superluminal communications;

2) The representation of contact, zero-range, non-linear, non-local and non-Hamiltonian in-
teractions between the overlapping wavepackets of extended particles via the isotopic element
T̂ of the axiom-preserving isoproduct A×̂B = AT̂B of isomathematics and related hadronic
mechanics;

3) Proof that the Copenhagen interpretation of quantum mechanics is based on the simplest
possible realization of quantum axioms (such as the historical product AB = A×B of the en-
veloping associative algebra), while hadronic mechanics is based on the most general possible
realizations of the same axioms (such as the isoassociative isoproduct A×̂B), to such as extent
that the two formulations can be expressed with the same symbols solely differentiated by
their realizations;

4) The new type of particle entanglements, here called EPR entanglements, consist-
ing of particles in continuous and instantaneous communication via the overlapping of their
wavepackets represented by the isotopic element T̂ without any need for superluminal com-
munications;

5) Proofs that the isotopic element T̂ provides an explicit and concrete realization of Bohm’s
hidden variables with ensuing inapplicability of Bell’s inequality;

6) Historical verifications of the EPR argument via the non-linear theory by W. Heisenberg,
the non-local theory by L. de Broglie, D. Bohm’s theory of ’hidden variables’ and others;

7) Recent verifications of the EPR argument by R. M. Santilli showing the existence of clas-
sical images for extended particles under non-Hamiltonian interactions, as well as the progres-
sive recovering of Einstein’s determinism in the structure of hadrons, nuclei and stars, and its
full recovering at the limit of Schwartzchild’s horizon;

8) Proofs that, due to its strict time reversibility, the Copenhagen interpretation of quantum
mechanics cannot consistently represent energy-releasing processes such as nuclear fusions or
fossil fuel combustion, due to their irreversibility over time;

9) Novel advances in physics, chemistry and biology permitted by reversible and irre-
versible branches of hadronic mechanics, including the exact representation of nuclear data
with ensuing new formulations of controlled nuclear fusions, an attractive force between va-
lence electron bonds with ensuing exact representation of molecular data, and a new concep-
tion of life consisting of extended constituents under continuous EPR entanglement repre-
sented via hyperstructures.
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