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Lie-isotopic representation of stable nuclei
III: Exact and time invariant representation

of nuclear stability
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Abstract

In the preceding two papers, we presented exact and time invariant represen-
tations of stable nuclei via the Lie-isotopic branch of hadronic mechanics
and showed the necessity for the results of lifting Heisenberg’s uncertainty
principle for point-like particles into the isouncertainty principle of hadronic
mechanics, also called Einstein’s isodeterminism, for extended nucleons in
condition of mutual penetration. In this paper we present apparently for
the first time: the treatment of protons and neutrons as isoparticles charac-
terized by the isosymmetries and isorelativities of hadronic mechanics; the
representation of all characteristics of the neutron at the nonrelativistic and
relativistic levels as a hadronic bound state of an isoelectron and an isopro-
ton; the identification of the density of the neutron in a way compatible with
other experimental data; and the representation of nuclear stability despite
the natural instability of the neutron and despite the extremely repulsive pro-
tonic Coulomb forces. The main implications of the above studies are: 1)
The prediction of novel means for the recycling of radioactive nuclear waste
by nuclear power plants via new stimulated decays. 2) The possible return
to the continuous creation of matter in the universe as a consistent way to
explain the 0.782 MeV missing in the neutron synthesis. 3) The apparent
confirmation of the historical reduction of all matter in the universe to pro-
tons and electrons.
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1 Introduction
Inspired by the Einstein-Podolsky-Rosen view that Quantum mechanics is not
a complete theory [1], in the preceding first paper [2] (herein referred to with
the letter I) we have presented apparent insufficiencies of quantum mechanics
in nuclear physics. In the preceding second paper [3] (herein referred to with
the letter II) we have presenetd a systematic review and upgrade, specialized
for the first time to nuclear physics, of the axiom-preserving time reversal in-
variant Lie-isotopic branch of hadronic mechanics [4]- [6] comprising the novel
isomathematics (Sect. II-3), isomechanics (Sect. II-4) and isosymmetries (Sect.
II-3.10) which are based on the axiom-preserving completion of the universal
enveloping associative algebra of quantum mechanical Hermitean operators ξ̂ :
{A,B, ...;A×B = AB; I} into the isoassociative enveloping algebra of hadronic
mechanics ξ : {A,B, ...;A×̂B = AT̂B; Î = 1/T̂} with consequential iso-
Heisenberg’s equation (Sect. II-5.4) [5] idA/dt = A×̂H − ×̂A = AT̂H − T̂A
in which potential interactions are represented by the Hamiltonian H and non-
potential interactions are represented by the isotopic element T̂ at times called the
Santillian.

We have shown in paper [2] that the Lie-isotopic mechanics implies:
1.1) The first known representation invariant over time of the dimension, shape

and density of particles via the isotopic element T̂ per realization (II-15) [5].
1.2) The first known quantitative representation of subluminal, continuous and

instantaneous interactions of entangled particles at arbitrary distances character-
ized by the non-Hamiltonian interactions of the wave packets of particles [7].

1.3) The first known explicit and concrete realizations of Bohm’s hidden vari-
ables λ [8] [9] in terms of the Santillian λ = T̂ , as being hidden in the axiom of
associativity of quantum mechanics [10] [11].

1.4) The violation of Bell’s inequalities [12] by a system of extended parti-
cles with spin 1/2 under non-Hamiltonian interactions with ensuing existence of
classical counterpart [13].

1.5) The EPR completion of Heisenberg’s uncertainty principle for point-like
particles under electromagnetic interactions into the isouncertainrty principle of
hadronic mechanics, also called Einstein’s isodeterminism, for extended particles
under electromagnetic and strong interactions (Sect. 4.7) [14] (see [15] for an ex-
tended derivation), which principle implies a progressive recovering of Einstein’s
determinism [1] with the increase of the density of hadronic media (decrease of
the value of T̂ ) in the interior of hadrons, nuclei and stars and its full recovering at
the limit of gravitational collapse due to the identity of the isotopic element with
Schwartzschild’s horizon, Eq. (II-34).

It should be indicated that none of the results of paper I or of this paper are
possible under the validity for nuclear structures of Heisenberg’s uncertainty prin-
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Exact Lie-isotopic representation of nuclear stability

ciple for electromagnetic interactions, while the results are all possible for the
completion of said principle into Einstein’s isodeterminism for strong interactions
(Sect. 3.3.1).

We have then shown in the preceding paper I that the Lie-isotopic branch of
hadronic mechanics has permitted the achievement of the first known, numerically
exact and time invariant representation of the experimental data of the Deuteron
conceived as a hadronic bound state of a proton and a neutron in its ground state
without orbital contributions used in experimental measurements.

Based on tabulated fundamental characteristics of electrons, protons and neu-
trons [16]-[23], in this paper we study, apparently for the first time, nuclear sta-
bility despite the neutron natural instability and the strongly repulsive protonic
Coulomb forces via the following primary steps:

1.A) The EPR completion of the 20th century notion of particle, as a uni-
tary irreducible representation of the spinorial covering of the Poincaré symmetry
P(3.1) = SL(2.C) × T into that of isoparticle, as an isounitary, isoirreducible
isorepresentation of the isospinorial isosymmetry P̂(3.1) = ŜL(2.Ĉ)×̂T̂ [24]
[25] [26] which appears to be necessary under non-Hamiltonian interactions be-
tween extended particles due to an apparent mutation of the intrinsic characteris-
tics of 20th century particles predicted in the 1978 memoir [27].

1.B) A review of extensive studies in the synthesis of the neutron from the
Hydrogen atom in the core of stars as a hadronic bound state of an isoelectron ê−

totally compressed and entangled inside the dense isoproton p̂+.
1.C) The representation of nuclear stability despite the natural instability of

the neutron via the decoupling of the neutron into its original, permanently stable
constituents, the isoproton and the isoelectron, resulting in a three-body structure
of the Deuteron.

1.D) A representation of the nuclear stability despite the very big, protonic
Coulomb repulsion via isoprotons.

1.E) The prediction of means for the recycling of radioactive nuclear waste by
nuclear power plants via new stimulated decays.

1.F) The possible return to the continuous creation of matter in the universe as
a consistent way to explain the 0.782 MeV missing in the neutron synthesis.

1.G) The apparent confirmation of the historical reduction of all matter in the
universe to protons and electrons.

As we shall see, the primary applications of the above representation of nu-
clear stability are given by:

1.i) The prediction of means for the recycling of radioactive nuclear waste by
nuclear power plants via new stimulated decays.

1.ii) The possible return to the continuous creation of matter in the universe a
consistent way to explain 0.782 MeV missing in the neutron synthesis.
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1.iii) The apparent confirmation of the historical reduction of all matter in the
universe to protons and electrons.

the prediction of basically new means for the recycling of radioactive nuclear
waste via their stimulated decay by the nuclear power plants themselves, the ap-
parent reduction of all matter in the universe to protons and electrons in conditions
of increasing complexity and the apparent origin (rather than the sole description)
of gravitation in the nuclear structure.

The understanding of the main lines of this paper can be achieved via a knowl-
edge of Ref. [2], although a technical understanding of this paper can be best
achieved via a full knowledge of hadronic mechanics [4]-[6].

2 Isoparticles and isorelativities
To our best knowledge, the notion of mutation of elementary particles was first
introduced in Sect. 5, p. 819 of the 1978 Harvard University memoir [27] to
denote the expected alteration of the intrinsic characteristics of particles under
strong interactions. To upgrade the notion of mutation with the advances occurred
in the meantime, let us recall also that, according to 20th century physics, a spin
1/2 particle [28] is a unitary irreducible representation of the spinorial covering
P(3.1) = SL(2.C) × T (3.1) of the Poincaré symmetry P (3.1) = SO(3.1) ×
T (3.1) (Sect. II-3.10).

The impossibility of representing the indicated mutation with conventional
spacetime symmetries and relativities has suggested the following generalized no-
tion of particles introduced at the nonrelativistic level in the 1991 paper [29] and
at the relativistic level in Sect. 7.7, p. 312 on of the 1995 monograph [5].

DEFINITION 2.1: A ’relativistic isoparticle’ is an isounitary isoirreducible isorep-
resentation of the spinorial covering of the Poincaré symmetry

P̂(3.1) = ŜL(2.Ĉ)×̂T̂ (3.1), (1)

formulated on the Hilbert-Myung-Santilli isospace over an isofield (Sect. II-4.3).

The Galilean isorelativity for the non-relativistic dynamics of extended ob-
jects within resistive media has been proposed in Refs. [30] [31] and cannot be
reviewed for brevity (see the excellent general review [32]). The isotopies of spe-
cial relativity have been first introduced in the 1983 paper [24], then developed
in papers [25] [26], in the 1991 monographs [30] [31] and upgraded in the 2021
overview [33] (see independent reviews [32] [34] [35]). A conceptual review the
isorelativities appears recommendable in view of their applications in subsequent
sections.
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DEFINITION 2.2: The term ’isorelativities’ denotes the infinite family of axiom-
preserving isotopies of special relativity characterized by the infinite family of
isotopic elements and related isounits of (contravariant) type (II-15), represented
in terms of the characteristic quantities nµ > 0 of paper [2] as well as in terms of
the characteristic quantities bµ = 1/nµ > 0 used in the literature of the 1990’s

T̂ = 1/Î = Diag.(n1.
2, b22, b

2
3, b

3
4) ≡ Diag(

1

n2
1

,
1

n2
2

,
1

n2
3

,
1
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4

), (2)

where the exponential term of Eq. (II-15) has been incorporated in the character-
istics quantities and can be factorized whenever needed.

All isorelativities are formulated on an iso-Minkowski isopace M̂(x̂, Ω̂, Î over
the isoreal isofield R̂ (Sect. II-3.5) with isocoordinates x̂ = xÎ = (x̂ − µ)Î =
(xk, x4 = ct)Î , isometric Ω̂ = η̂Î , η̂ = T̂ η, where η = Diag.(1, 1, 1, 1), isoin-
variant in isospace

(x̂− ŷ)2̂ = (x̂− ŷ)µ×̂Ω̂µν×̂(x̂− ŷ)ν (3)

and its projection in our spacetime M(x, η, I) over the field of real numbers R̂
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(4)

under the universal isosymmetry (1), with ensuing unique and unambiguous char-
acterization of relativistic isolaws (Sect. 8.4.4, p, 134 on of [33]).

Besides the admission of special relativity for the particular case µ = 1, µ =
1, 2, 3, 4, the most important isorelativities are given by:

2.1. Special isorelativity, which occurs for the particular case µ = constant ̸=
1, µ = 1, 2, 3, 4, for the characterization of extended-spheroidal particles with
semiaxes n2

1, n
2
2, n

2
3 moving within a hadronic medium with density n4 = 1/b4

(see the isoaxioms of special isorelativity, p. 138 of [33] and Refs. [24]-[35]).
2.2. Exterior isogravitation, which occurs for the factorization of the iso-

topic element T̂gr from any nonsingular Riemannian metric g(x) for the exterior
treatment of gravitation and its formulation in terms of the isounit Î = 1/T̂ of
relativistic hadronic mechanics (first presented at the 1992 Marcel Grossmann
Meeting in Gravitation, [36] [37])

g(x) = T̂gr(x)η,

Îgr(x) = 1/T̂gr(x),

(5)
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(whose positive-definite character is guaranteed by the non-singularity of the met-
ric g(x)) under which realization the isoaxioms of special isorelativity, p. 138 of
[33] remain valid for nµ = nµ(x) > 0, with particular realization given by the
first Schwartzchild’s paper on the exterior gravitational problem [38]

T̂kk =
1

1− 2M
r

, T̂44 = 1− 2M

r
. (6)

2.3. Interior isograviation, holding for general nonsingular, symmetric, 3+1-
dimensional isometrics Ωµν with an unrestricted functional dependence on all
needed local variables of type (II-11), when represented via the isodifferential
calculus (Sect. II-3.7) and related iso-Minkowskian geometry [39] for the study
of the origin (rather than the sole exterior description) of gravitation in the nuclear
structure [40] [45] under which assumptions the isoaxioms of p. 138, Ref. [33],
remain valid for an arbitrary functional dependence of the characteristic quantities
nν > 0.

These studies are along the second Schwartzchild’s paper on the interior grav-
itational problem [42], which paper has been vastly ignored because incompatible
with general relativity, but compatible with interior isogravitation.

Note that realization (6) of the Santillian is a particular case of the nuclear
analysis of [2], by therefore indicating the possible primary source of gravitation
in the electromagnetic structure of nuclei according to the 1905 historical hypoth-
esis by H. Poincaré [43] and its apparent realization by R. M. Santilli in the mid
1970’s when at MIT [44] under the necessary resolution of the insufficiencies of
20-th gravitation into a form compatible with all century sciences [45].

A realization of the isoalgebra of isosymmetry (1) is given by [26]

R̂k =
1

2
ϵkijΓ̂i×̂Γ̂j, B̂k =

1

2
Γ̂k×̂Γ̂4, k = 1, 2, 3, (7)

where R̂k represents the generators of isorotations, B̂k represents the generators
of the isoboosts and Γ̂µ = γ̂µÎ represent the Dirac-Santilli isomatrices (II-96),
while a realization of the isotranslations T̂ (3.1) is given by 4-isomomentum (II-
68) P̂µ, µ = 1, 2, 3, 4.

The isocommutation rules of isosymmetry (1) with generators Ĵµν = {R̂k, Ŝk}
are then given by the spinorial covering of Eqs. (II-40)[

Ĵµν ,̂Ĵαβ

]
= η̂ναĴβµ − η̂µαĴβν − η̂νβĴαµ + η̂µβJαν ,[

Ĵµν ,̂P̂α

]
= iη̂µαP̂ν − η̂ναP̂µ,

[
P̂µ̂,P̂ν

]
= 0,

η̂µν = T̂ η = (T̂ µρ η
ρν),

(8)
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while the iso-Casimir invariants are given by the spinorial covering of isoinvari-
ants (II-41)

Ĉ1 = Î > 0, Ĉ2 = P̂ 2̂ = Σk=1,2,3(b
2
kP̂

2
k −m2c2b24),

Ĉ3 = Ŵ 2̂ = Ŵµ×̂Ŵ µ, Ŵµ = ϵµαβρĴαβ×̂P̂ρ.
(9)

In this paper, we shall also use the explicit form of the hadronic angular mo-
mentum Ô(3) as an isosubgroup of isosymmetry (1) (Eqs. (6.4a) (6.4b) of Ref.
[26] and Sect. II-5.3) and related isoeigenvaues

L̂k = ϵijkr̂i×̂p̂j, !
[
L̂1̂.L̂j

]
= ϵijkn

2
kL̂k = ϵijkb

2
kL̂k,
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2
b−1
1 b−1

2 |ψ⟩, L̂2̂×̂|ψ̂⟩ = (b21b
2
2 + b21b

2
3 + b23b

2
1)|ψ̂⟩,

(10)

as well as the realization of the hadronic spin and related isoeigenvalues (see Eqs.
(6.4c) (6.4d), p. 190 of Ref. [26] and Sect. II-5.5)

Ŝk =
1
2
ϵijkγ̂i×̂γ̂j,

[
Ŝî,Ŝj

]
= ϵijkb

−2
k Ŝk,

Ŝ3×̂|ψ⟩ = ±1
2
b1b2|ψ⟩, Ŝ 2̂×̂|ψ⟩ = 1

4
(b21b

2
2 + b22b

2
3 + b23b

2
1)|ψ⟩.

(11)

Some of the main features occurring for all isorelativities are given by [33]:
2.A) The invariance of events described by all isorelativities under isosymme-

try (1) which is fundamental for the prediction of the same numeric values under
the same conditions but at different times (Sect. II-3-12). By contrast, covariant
theories (such as general relativity) violate this fundamental condition for experi-
mental verifications that will pass the test of time.

2.B) The admission of arbitrary speeds of light within hadronic media with
subluminal (superluminal) speeds, i.e., for media with low (high) density,

C = c/n4,

C < c, n4 > 1, C > c n4 < 1.
(12)

2.C) Under the assumption of perfect spheridicity, the isorenormalization of
the energy of extended particles within a hadronic medium called the mass-energy
isoequivalence principle (see again the isoaxioms of special isorelativity, p. 138
of [33], particularly Eq. (133), p. 139)

E = mc2 → Ẽ = mC2 =
n2
k

n2
4

E =
b24
b2k
E, (13)
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Figure 1: In this figure, we illustrate some of the hadronic reactors built by Thunder
Energies Corporation (now Hadronic Technologies Corporation) for the synthesis of neu-
trons from a commercially available Hydrogen gas.

where n2
k = 1/b2k is the semiaxis of the considered particle in the direction of its

spin, and the difference Ẽ − E is due to the nonlocal effects at the foundation
of hadronic mechanics, namely, the effects in the mass-energy equivalence on a
given mass from its hadronic medium under a state of deep EPR entanglement
[7].

As we shall see in the next section, the above realization of isosymmetry (1)
and related notion of isoparticles is sufficient for a consistent representation of the
synthesis of the neutron in a star and for the consequential study of nuclear stabil-
ity, with the understanding that progressively broader realizations of isoparticles
are needed for progressively more complex physical conditions.

3 Representation of the neutron synthesis from the
Hydrogen

3.1. Historical notes. As it is well known, stars initiate their lives as an aggregate
of Hydrogen that grows by accretion during travel in interstellar spaces. When the
temperature in the core of the aggregate reaches a value of the order of 10M K, E.
Rutherford [46] suggested in 1920 that the Hydrogen atom is ”compressed” into
a new neutral particle which he called the neutron [16]-[23]

e− + p+ → n. (14)

The existence of the neutron was experimentally established in 1932, by J.
Chadwick [47]. In 1933, W. Pauli [48] pointed out that synthesis (11) violates the
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conservation of the angular momentum. Therefore, E. Fermi [49] submitted in
1935 the hypothesis that the synthesis of the neutron occurs with the joint emission
of a neutral and massless particle ν with spin 1/2 which he called the neutrino
(meaning ”little neutron” in Italian)

e− + p+ → n+ ν, (15)

with the neutron decay
n→ p+ + e− + ν̄, (16)

where ν̄ is the antineutrino.
Subsequent tests [22] established that the neutron is naturally unstable with a

mean life of τ = 877 and spontaneous decay

n→ e− + p+ + ν̄, (17)

where ν̄ is the antineutrino.
Predictably, the synthesis of the neutron from the Hydrogen attracted attention

soon following Chadwick’s confirmation. According to the historical account [50]
Ernest J. Sternglass conducted in 1951 the first test for the laboratory synthesis of
the neutron from the Hydrogen, followed by tests in 1952 by E. Trounson and
others, although none of these initial tests were reported in published papers in
view of the incompatibility of the neutron synthesis with quantum mechanics and
for other reasons.

To the author’s best knowledge, the first published tests on the laboratory syn-
thesis of the neutron from the Hydrogen were done in the 1960’s by the Italian
priest-physicist Don Carlo Borghi and his associates [51]. In essence the exper-
imentalists constructed a cylindrical metal chamber (called klystron) which was
filled up with a Hydrogen gas at a fraction of 1 bar pressure kept mostly ionized
by an electric arc with about 500 V and 10 mA. Additionally, the gas was tra-
versed by microwaves with the frequency of 10−10 s. The experimentalists then
placed in the exterior of the Klystron various materials suitable to be activated
when exposed to a neutron flux (such as gold or silver).

Following exposures over several weeks, the experimentalists reported clear
and reproducible nuclear transmutations that can only be due to a neutral hadron
emitted from the Klystron. Due to insufficient evidence on neutron emission, the
experimentalists conjectured that the detected nuclear transmutations were due to
a new neutral particle with the mass of the neutron but spin different than 1/2 that
they called the neutroid.

3.2. Recent studies. In view of its fundamental character in nuclear physics, R.
M. Santilli and his associates have conducted over the past four decades mathe-
matical, theoretical, experimental and industrial research on the synthesis of the
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Figure 2: In this figure, we illustrate the mechanism used by hadronic reactors (Fig. 1)
for the synthesis of neutroids and neutrons via an especially designed DC electric arc
between Carbon electrodes submerged within a Hydrogen gas causing the ionization of
Hydrogen atoms into electrons and protons by the activation of the arc (left view) and the
compression of the electron within the dense proton by the de-activation of the arc (right
view).

neutron from the Hydrogen atom in the core of stars as well as in laboratory (see
theoretical studies [52]-[58], experimemtal works [59]-[65] and independent stud-
ies [66]-[71]).

The studies were initiated in the late 1970’s at Harvard University under DOE
support with the inapplicability of quantum mechanics for the neutron synthesis
[27], followed by the proposal to construct hadronic mechanics in the 1978-1983
Springer-Verlag monographs [72] [73].

By far the biggest difficulty of the above studies was the representation of the
spin of the neutron Sn = 1/2 from two particles each having spin 1/2 as originally
conceived by Rutherford [46]. This problem stimulated the construction of the
Lie-Santilli isotheory (Sect. 4.4, p. 173 on of Ref. [73] and Sect. II-3.2), followed
by systematic studies on the isotopies of spacetime symmetry reported in Sect. II-
3.10, with particular reference on the isotopies ŜO(3) of the angular momentum
symmetry SO(3) at the classical and operator levels [74] [75].

As a result of these preparatory studies, Santilli was able to achieve a numer-
ically exact and time invariant representation of all characteristics of the neutron
at the nonrelativistic level in the 1990 paper [52] and at the relativistic level in the
1995 paper [56] with a more extensive study in monograph [57].

Following, and only following, the achievement of a consistent representation
of the neutron synthesis via the Lie-isotopic branch of hadronic mechanics, San-
tilli initiated in 2007 experimental tests on the laboratory synthesis of the neutron
from the Hydrogen [59]-[63]. According to these studies, the neutron synthesis
from the Hydrogen can be generated by hadronic reactors (Fig. 1) consisting of
a metal vessel containing in its interior a commercially available Hydrogen gas
at pressure and a pair of submerged carbon electrodes powered by a specially
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Figure 3: In the left of this figure, we illustrate the predicted structure of the neutroid
in its ground state as a hadronic bond of electrons and protons in singlet couplings with
null eigenvalues of the angular momentum and of the spin under their very big Coulomb
attraction. In the right of this figure, we present a conceptual gear equivalent of the
left view to illustrate the reason for the half life of neutroids as being about 10% that of
neutrons, i.e., of about 8 s (which is extremely big for particle standards).

designed, external DC source via a gap controllable from the outside. During op-
erations, the DC arc is continuously connected and disconnected because of the
consumption of the carbon electrodes. During its activation (left of Fig. 2), the
special form of the DC arc ionizes the Hydrogen gas by creating a plasma mostly
composed by protons and electrons in its cylindrical surroundings, while during
its deactivation (right of Fig. 2), the DC arc compresses the ionized gas from all
directions toward its symmetry axis, by realizing in laboratory Rutherford com-
pression of the electron inside the proton.

Tests [59]- [65] have confirmed: 1) The production of Don Borghi’s neutroids
(Fig. 3) for DC power of the order of 5 kw, gas pressure of 5 psi and electrode
gap of 2 mm. 2) The production of neutrons (Fig. 4) for powers of the order of
50 kw, gas pressure from 10 psi on and electrode gas of 5 mm. In particular, the
synthesis of neutroids resulted to be an unavoidable step prior to the synthesis of
the neutron.

Following, and only following, sufficient experimental evidence on the lab-
oratory synthesis of the neutron from a Hydrogen gas, Santilli founded in 2012
the U. S. publicly traded company Thunder Energies Corporation (now the pri-
vately held Hadronic Technologies Corporation, www.hadronictechnologies.com)
for the production and sale of Directional Neutron Source (DNS), namely, equip-
ment producing a beam of low energy neutrons (with energy less than 100 eV ) in
a preferred direction and in the desired intensity for the detection of fissionable
material that may be hidden in baggage (lower left view of Fig. 1).

Interested readers should be aware that commercially available AC-DC power
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units to create electric arcs between carbon electrodes submerged within a Hy-
drogen gas may synthesize neutroids (Fig. 3) and other unstable states under the
big electron-proton Coulomb attraction (Eq. I.1), but said power units are not
designed to synthesize neutrons via the compression of electron inside the proton.

3.3. Nonrelativistic representation of the neutron synthesis from the Hydro-
gen. Studies [52]-[56] were conducted under the assumptions (dating back to the
1978 memoir [27]) that:

3.3.A) The angular momentum of the electron compressed inside the proton
is constrained to be equal to the spin of the proton to prevent big resistive forces
caused by the motion of its extended wave packet against the dense medium in the
interior of the proton.

3.3.B) When compressed inside the dense proton, the electron e is mutated into
a new particle called the eleton in Sect. of [27] and hereon called the isoelectron
ê−, while the proton is mutated into the isoproton, although in first approximation
the proton can be assumed to be unmutated, p̂+ ≈ p+ since it is about 1800 times
heavier than the electron.

3.3.C) While the numeric value of the mean life of the resulting hadronic state
may be subject to scientific debates, the existence of a bound state between the
electron and the proton at short distance should be beyond scientific doubt in view
of their extremely big Coulomb attraction.

The above assumptions imply the following structure model of the neutron
according to hadronic mechanics (hm) which can be constructed via isounitary
transformations (Sect. 3.12) of the quantum mechanical (qm) model of the Hy-
drogen atom

n = (ê−↓ , p̂
+
↑ )hm = Û×̂(e−↓ , p

+
↑ )qm×̂Û

†, (18)

under the Coulomb attraction in the macroscopic value of 230 Newton,

F = −e
2

r2
= −(8.99× 109)

(1.60× x10−19)2

(10−15)2
= −230 Newtons. (19)

3.3.1. The fundamental role of Einstein’s isodetermiunism. The most se-
rious insufficiency of quantum mechanics in nuclear physics identified in [2] has
been the prohibition by Heisenberg’s uncertainty principle to represent the syn-
thesis of the neutron from the hydrogen in the core of stars, because when said
principle is applied to the coordinate re and momentum pe of an electron in the
core of stars,

∆r∆p =
1

2
| < ψ(re)| × [rê,pe]× |ψ(rr) >≥

1

2
ℏ, (20)

it implies standard deviations of the coordinate bigger than the neutron radius
with consequential kinetic energy of the electron bigger than the neutron mass,
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Figure 4: In the left of this figure, we illustrate the compression of the neutroid (Fig. 3)
into the neutron (Fig. 4), resulting in a constrained hadronic angular momentum of the
electron within the dense medium inside the proton that, to avoid extreme resistive forces,
has to be equal to the proton spin with ensuing total angular momentum 1/2.

Eq. (I-3), i.e.,

∆re > Rn = 0.87× 10−13 cm,

∆ve >
ℏ

∆re×me
> 1010 m/s,

∆Ke =
1

2me
× (∆pe)

2 > mn = 939.56MeV/c2.

(21)

By recalling that the validity of the uncertainty principle for point-like par-
ticles under electromagnetic interactions (as occurring in the atomic structure) is
beyond doubt, its validity for nuclear constituents is a personal opinion by the indi-
vidual physicist due to the lack of any direct experimental verification denounced
beginning with the title of the 1978 Harvard memoir [27] while, by comparison,
the synthesis of the neutron from the electron and the proton in the core of stars is
a physical reality.

It is easy to see that the isouncertainty principle of hadronic mechanics (Sect.
II-4.7) [1] [14] [15]

∆r∆p =
1

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

2
ℏT̂ ≪ 1, (22)

resolves the above impasse, because in view of very small value of T̂ , Eq. (II-15),
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the isotopic image of values (51)

∆re ≤ Rn = 0.87× 10−13 cm,

∆ve ≪ 1010 m/s,

∆Ke =
1

2me
× (∆pe)

2 ≪ mn = 939.56MeV/c2,

(23)

implies standard deviations of the coordinates of the order of the neutron radius
and electron kinetic energy much smaller than the neutron mass.

3.3.2. Representation of the neutron spin. Assumption 3.3.A requires that
the hadronic angular momentum of the isoelectron be equal to the spin of the pro-
ton, thus having value L̂3,ê = 1/2. The study of this assumption was initiated
in the 1984 papers on the isotopies of the rotational symmetry [74] [75] and pre-
sented in the 1990 paper [52] via the isotrigonometric isofunctions (see also p.
304 on of Ref. [4]), as well as the use of the Lie-Santilli isoalgebra ŝo(3). We
here study, apparently for the first time, the nonrelativistic representation of the
hadronic angular momentum L̂3 = 1/2 of the isoelectron in model (18) under the
assumptions in first approximation that the orbit of the isoelectron is contained in
a plane and it is a perfect circle with radius R = 10−13 cm. In fact, deviations
from the above assumptions imply instabilities generally preventing a representa-
tion of the neutron mean life of 887 s. Under the above assumptions, the acting
isosymmetry is the two-dimensional Lie-Santilli isogroup Ô(2) [74] [75] (see also
Sect. 6.4, p. 233 on of [5]).

Consider the conventional O(2) symmetry which is classically formulated
on the two-dimensional Euclidean space E(z, δ, I), and quantum mechanically
treated on a Hilbert space H over the field of complex numbers C. In accordance
with the simple rule of Sect. II-3.9 (for the construction of isotopic images of
quantum models to add the representation of extended nucleons and their non-
Hamiltonian interactions), we map the entire classical and quantum mechanical
formulation of O(2) under the nonunitary transformation

UU † = Î = 1/T̂ == Diag.(n2
1, n

2
2),=

= Diag.(b−2
1 , b−2

2 ), bk = 1/nk > 0, k = 1, 2,
(24)

and introduce Bohm’s hidden variable [8]
1

n1

=
1

n2

= b1 = b2 = λ > 0. (25)

Therefore, the isorepresentation occurs in the two-dimensional iso-Euclidean isospace
Ê(r̂, ∆̂, Î) over the isofield Ĉ with isocoordinates

r̂ = rÎ = {x, y}λ2I2×2, (26)
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Figure 5: In this figure, we illustrate the prediction by hadronic mechanics of the synthe-
sis in the core of stars of negatively charged strongly interacting particles characterized
by a hadronic singlet bond between an electron and a neutron, with null total spin, as well
as the pseudoproton on the right with total spin 1/2, and other hadronic states [101].

isometric
∆̂ = (δ̂)Î , δ̂ = T̂ δ = λ2δ, (27)

isoinvariant
r̂2̂ = λ2r2, (28)

and isotrigonometric representation (App. 5C, p. 300 on of Ref. [4])

x = rλ−1cosϕ̂, y = rλ−1sinϕ̂,

ϕ̂ = Tϕϕ = n1n2ϕ = λ−2ϕ T̂ϕ = b1−1b−2
2 = λ−2.

(29)

The isounitary isoirreducible isorepresentations of Ô(2) is defined on a Hilbert-
Myung-Santilli isospace H over the iso-complex isofield C with iso-states |ψ̂(r̂) >,
isonormalization

⟨ψ̂(r̂)|×̂|ψ̂(r̂)⟩ = Î , (30)

isoeigenvalues

R̂(ϕ̂)×̂|ψ̂⟩ = êiMϕ̂×̂|ψ̂⟩ = (eiM̂ϕ̂)Îψ×̂|ψ̂⟩ = (eiλ
2Mϕ̂)|ψ̂⟩,

M̂ = b1b2M = λ2M,

(31)

(where ê is, this time, the isoexponentiation in the ϕ-plane) with Lie-Santilli
isogroup laws

R̂(ϕ̂)×̂R̂(ϕ̂′)×̂|ψ̂⟩ = R̂(ϕ̂′)×̂R̂(ϕ̂)×̂|ψ̂⟩ = R̂(ϕ̂+ ϕ̂′)×̂|ψ̂⟩,

R̂(ϕ)×̂R̂(−ϕ̂)×̂|ψ̂⟩ = R̂(0)×̂|ψ̂⟩ = |ψ̂⟩.
(32)
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The isoeigenvalue of the hadronic angular momentum L̂ is given by

L̂×̂|ψ̂⟩ = M̂ |ψ̂⟩ = λ2M |ψ̂⟩. (33)

But isotopies preserve original numeric values. Therefore,

M̂ = λ2M = 0, 1, 2, 3, .... (34)

Consequently, the angular momentum measured by the experimentalist is given
by

M =
M̂

λ2
, (35)

and can represent the constrained angular momentum of the isoelectron inside the
proton for the value

M =
M̂

λ2
=

1

2
, λ =

√
2 = 1.4142. (36)

The total spin of the neutron is then given by

Sn = sp + se + Le =
1

2
− 1

2
+

1

2
, (37)

and therefore, the spin of the neutron coincides with the spin of the proton as
expected.

For brevity, we leave to the interested reader the representation of the spin
1/2 of the isoelectron via the isosymmetry ŜO(2), which can be derived from the
above treatment with the Ô(2) symmetry with Santillian

T̂ = Diag.(
1

n1

,
1

n2

) = Diag.(b1, b2) = Diag.(λ, λ−1), Det.T̂ = I, (38)

and the use of suitable isostates to separate positive and negative eigenvalues.
An important rule for the isorepresentation of the neutron synthesis from the

Hydrogen atom is that the total angular momentum of the isoelectron compressed
inside the proton is identically null. As we shall see, in case confirmed, the above
rule appears to have basic implications for models of nuclear structures according
to hadronic mechanics.

The spin of the neutroid according to Fig. 3 is characterized by the following
value for the hadronic angular momentum of the isoelectron

M =
M̂

λ
= 0, M̂ = 0, λ > 0. (39)
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Figure 6: In the left of this figure, we illustrate the first three-body structure model of
the Deuteron permitted by the neutron synthesis from the Hydrogen [57]consisting of two
protons in triplet coupling with an electron acting as their ”gluon.” Despite its stability
illustrated in the right of this figure, this model had to be abandoned because of its inabil-
ity to represent: 1) The spin SD = 1 of the Deuteron as a bound state of a proton and a
neutron in their ground state [2]; 2) The constrained angular momentum of the electron
being equal to the proton spin with ensuing null total value Stote = 0; and 3) The stability
of the Deuteron under the natural instability of the neutron.

Consequently, the spin of the neutroid according to Figure 3 is predicted to be
zero, by therefore explaining the reason for their lack of detection via commer-
cially available neutron detectors.

3.3.3. Representation of the neutron magnetic moment. The anomalous mag-
netic moment of the neutron according to model (18) has been first represented in
the original proposal via the following three contributions [52]

µn = µp + µspine + µorbê . (40)

The biggest difficulty of the above representation is that the magnetic moment of
the electron νspine is too big for nuclear standard to prevent a quantum mechanical
model of the neutron synthesis as well as to prevent that electrons can be members
of nuclear structures. In fact, we have the value

µspine = −9.284764× 10−24 J/T =

= −9.284764× 10−24 × 1.979890761026 µN =

= −928.4784× 1.979890µN = 1838.2851 µN ,

(41)

which is 961-times bigger than the neutron magnetic moment.
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Under the assumption that the proton is a point-like particle, there is no known
possibility to reduce magnetic value (41) down to the magnitude needed for the
neutron magnetic moment. The above impasse is here resolved, apparently for
the first time for value (41), via the magnetic moment of the orbital motion of the
isoelectron µorbê which is opposite that of the isoelectron (Fig. 4) and its value is
predicted to be [52]

µorbê = 1833.580 µN . (42)

By recalling the known values of the magnetic moments of the proton and
the neutron [76] µp = 2.792 µN , µn = −1.913 µN , we have the numerically
exact and time invariant representation of the anomalous magnetic moment of the
neutron [52]

µn = µp + µspine + µorbê =

= 2.792 µN − 1838.285 µN + 1833.5801 µN = −1.913 µN .
(43)

It should be noted that the assumption of the above orbital contribution from
the isoelectron not only allows a representation of the numeric value of the anoma-
lous magnetic moment of the neutron, but also of its negative value.

3.3.4. Representation of the neutron rest energy, mean life and charge radius.
In this section we shall identify, apparently for the first time, the numeric value of
neutron density n4 = 1/b4 from isoequivalence principle (13) (the isoaxiom IV of
special isorelativity, p . 139 of [33]) in remarkable agreement with the density of
the proton-antiproton fireball of the Bose-Einstein correlation [77] [78].

By assuming the iso-Galilean invariant hadronic structure model of Sect. II-
5.7, first presented in Eqs. (5.1.14), p. 835 of Ref. [27] (see the review in Sect.
2.5.4 of Ref. [79]) we have the following hadronic structure equations of the
neutron [

1
r2
( d
dr
r2 d

dr
) + m̄(E + e

2
r +N e−br

1−e−br )
]
= 0,

Etot
n = Ep + Eê − E = 939.565MeV,

τ−1 = 2πλ2|ψ̂(0)|2 α2Ee

ℏ = 877 s,

R = b−1 = 10−13 cm = 1 fm,

(44)

which can be reduced to the algebraic equations in the parameters k1, k2 (Eqs.
(5.1.32a) and (5.1.32b), p. 840 of Ref. [27])

E = k1[1− (k2 − 1)2]2h̄c
b

= 939.565MeV,

τ = 48×(137)2

4πbc
k1

(k2−1)3
= 877 s, ξ = ñ,

(45)
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Figure 7: In the left of this figure, we illustrate the structure of the Deuteron as an axial
triplet coupling (Fig. II-8) of a proton and a neutron which permits the representation of
the stability of the Deuteron (illustrated in the right of this figure) via the decoupling of the
neutron into its permanently stable constituents, the proton and the electron. An important
point for the consistency of the representation is that the electron in the indicated axial
triplet configuration preserves its null total angular momentum due to the persistence of
its total immersion within the proton which is not possible for the planar singlet coupling
(Fig. II-8) of Fig. 6.

energy spectrum

E = − 1

4Khk2
(
k2
N

−N)2 = 0, k2 = Kh
Ẽẽ
ℏ2b2

= 1, (46)

and numeric solutions[52] (see also Refs. [63])

k1 = 2.6, k2 = 1, (47)

which numeric values should be compared with those for the meson and baryon
octets of Refs.[27] [79].

The primary difference between the above equations and Eqs. (II-118) is the
absence of a potential in the latter while the former exhibits indeed a potential,
evidently given by the Coulomb potential between the electron and the proton.

We now compute the rest energy of the neutron via the isoequivalence prin-
ciple (13) under the approximation that all particles are perfectly spherical, thus
having nd = 1/bd = 1, d = 1, 2, 3 (see next section for the spheroid case). We
shall then compare the results with other experimental particle data. By recalling
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from Sect. II-5.7 that the Hulten potential does not generate a binding energy, the
total energy of the neutron in model (18) is given by

En = Ẽẽ + Ep − E, (48)

where, from principle (13) for the assumed values nd = 1/bd = 1, d = 1, 2, 3,

Ẽẽ =
Ee
n2
4

=
0.511

n2
4

. (49)

By keeping in mind that we cannot use quantum mechanical methods for
the computation of the binding energy of neutron due to its excess energy of
0.782 MeV , we can assume in first approximation that the binding energy E of
the neutron according to structure model (18) is of the same order of magnitude
as that of the positronium in the 1s state because the charge structures and radii of
the neutron and the positronium are essentially the same, [80]

E = −0.948 eV. ≈ 0. (50)

Hence, we can assume in first approximation that

Ẽê = En − Ep = 0.511 + 0.762MeV = 1.293MeV (51)

resulting in the best available estimate of the density of the proton based on the
isoequivalence law (13)

Ẽẽ =
Ee

n2
4
= 1.293MeV/c2,

n2
4 =

0.511
1.293

= 0.395,

n4 = 0.628,

(52)

resulting in the value of the neutron density n4 = 1/b4 = 0.610 which is in re-
markable agreement with the numeric value of n2

4 = 0.429, n4 = 0.654 for the
proton-antiproton fireball of the Bose-Einstein correlation, Eqs. (10.28b), p. 127
of [77] (see also Ref. [78]). Therefore, from Eqs. (44), (46) and (50), the rest
energy of the neutron is given by the rest energy of the proton plus the isorenor-
malized rest energy of the isoelectron, En = Ep + Ẽê.

Note that values (52) imply the following superluminal tangential speed of the
electron within the proton structure

C =
c

n4

= 1.592 c, (53)
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which is fully possible for hadronic mechanics because contact nonpotential in-
teractions carry no energy [13] [81].

Intriguingly, values (52) confirm the nonlocal effects at the foundation of the
isoequivalence principle (13), the second digit difference between the value n4 =
0.628 of Eqs. (48) and the value n4 = 0.654 of Ref. [77] being due to the
assumption of perfect spheridicity of the particle in isoprinciple (13) compared to
the spheroid shape of the particles in Ref. [77].

3.4. Relativistic representation of the neutron synthesis. Recall that the Dirac
equation has acquired a justly historical stature because of its exact and time in-
variant relativistic representation of the electron under the Hamiltonian interaction
of the point-like proton in the structure of the Hydrogen atom.

The Dirac-Santilli isoequation (I-95) has been constructed to attempt the exact
and time invariant representation of the isoelectron under the Hamiltonian and
non-Hamiltonian interactions of the extended proton in the structure of the neutron
according to Fig. 3, thus requiring its characterization via the isotopies of the
spinorial covering of the Poincaré symmetry P̂(3.1) = ŜL(2.Ĉ)×̂T̂ (3.1), Eq. (1)
first introduced in the 1995 paper [26] jointly with the Dirac-Santilli isoequation
and the first relativistic representation of the neutron synthesis.

For consistency, model (18) requires that the absolute value of the hadronic
angular momentum of the isoelectron L̂3 is equal to its spin Ŝ3, thus requiring that

L̂3 = Ŝ3, L̂2̂ = Ŝ 2̂. (54)

From Eqs. (8) and (10) of the isospinorial isosymmetry P̂(3.1), we therefore
obtain the conditions on the characteristic quantities of the isotopic element (2)

b−1
1 b−1

2 = 1
2
b1b2,

b−2
1 b−2

2 + b−2
2 b−2

3 + b−2
3 b−2

1 = 1
4
(b21b

−2
2 + b22b

−2
3 + b23b

−2
1 ),

(55)

with numeric value for the case of spherical symmetry [26]

b21 = b22 =
1

n2
1

=
1

n2
2

=
√
2 = 1.415, b1 = b2 =

1

n1

=
1

n2

= 1.189. (56)

The value for the semi-axis b23 = 1/n2
3 of the isoelectron can be found by

assuming the volume preserving normalization n2
1+n

2
2+n

2
3 = 3 used for neutron,

Eq. (I-89), resulting in the value [26]

n2
1 = n2

2 = 0.707, n2
3 = 1.587, (57)

by therefore suggesting that the wave packet of the isoelectron is oblate (because
n2
3 < n2

1 = n2
2).
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Figure 8: In this figure we compare the structure of the Helium according to ref. [2] (left
side) and that according to the analysis of paper (right view) to illustrate the achievement
of stability as well as the identification of an internal attractive force in the transition from
the former to the latter.

To compute the rest energy of the neutron, we now assume the full form of
the isoequivalence principle (13) from which, instead of Eq. (48), we have the
following expression for the energy Ẽê of the isoelectron from the value (52) of
the shape of the electron wave packet

Ẽn̂ =
n2
3

n2
4
Ee = 1.37MeV/c2,

n2
4 =

1.587
1.37

0.511MeV/c2 = 0.592,

n4 = 0.789,

(58)

which remains close to the value n4 = 0.6 for the density of the fireball of the
Bose-Einstein correlation of [77] [78].

The relativistic representations of neutron magnetic moment is essentially the
same as that of the preceding non-relativistic analysis (see Eq. (7.4), p. 182 of
[26] for an alternative derivation). As it is well known, the radial equation of
Dirac’s equation for the Hydrogen atom is essentially the same as the correspond-
ing nonrelativistic equation, and the same holds for the Dirac-Santilli isoequation.
Consequently, the relativistic representation of the mean life and charge radius of
the neutron per model (19) is essentially the same as that of Sect. 3.3.3. of Ref.
[26] and, as such, it is omitted for brevity.
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4 Representation of nuclear stability
4.1. Representation of nuclear stability despite the neutron instability. We
shall now search for a mechanism according to which the naturally unstable neu-
tron (when isolated) becomes permanently stable under strong nuclear forces.

Let us recall our initial structure model of the Deuteron as a three-body hadronic
bound state of two protons in plane triplet alignment with spins 1/2 and one iso-
electron with total angular momentum J = 0 (Fig. 6) [52] [57]. This model had
to be abandoned despite the representation of the Deuteron spin SD = 1 and its
great stability (illustrated with the ’gear model’ in the right of Fig. 6), because of
the impossibility to represent proton-neutron exchange forces (due to the inabil-
ity that the isoelectron could be consistently transferred from the neutron to the
proton), the inability to represent the stability of the Deuteron despite the neutron
natural instability, and for other reasons.

In the hope of resolving the above insufficiencies, we have then assumed
model (I-81) on the Deuteron structure as a two-body hadronic bound state of
a isoproton and an isoneutron in axial triplet couplings with spins 1/2. We here
submit the hypothesis that, when it is a member of the Deuteron structure, the
isoelectron of model (18) decouples from the neutron to acquire a position inter-
mediate between the two protons (right of Fig. 7).

D =

(
p̂↑

n̂↑

)
=

 p↑

ê
p↑

 , (59)

in which the isoelectron remains immersed within dense hadronic matter as a nec-
essary condition to activate hadronic mechanics with ensuing restricted angular
momentum equal to the proton spin and null total angular momentum (Sect. 3.3.1
and Fig. 4)

J totê = Sspin + Lorb =
1

2
− 1

2
= 0. (60)

Consequently, the decoupled isoelectron assumes an intermediate position be-
tween the two protons by occupying the distance between their charge distribu-
tions of 0.3745× 10−13 cm indicated in Figure II-9 [82].

Note that the above hypothesis is supported by null values (46) and (50) of the
neutron binding energies fior the SA and NSA components of strong interactions,
according to which the isoelectron is quasi-free, and indeed decouples from the
neutron under the strong Coulomb attraction by the second proton.

It appears that, unlike the case for the planar configuration (Fig. 6), the axial
triplet coupling of the isoproton and the isoneutron in the Deuteron structure (left
of Fig. 7) allows the representation of: all experimental data of the Deuteron in
its true ground state; the representation of proton-neutron exchange forces via the

153



R. M. Santilli

mere exchange of the isoelectron in between the two protons; and the representa-
tion of the deuteron stability despite the natural instability of the neutron.

Additionally, the decoupling of the isoelectron from the neutron indicates the
apparent existence of a strongly attractive Coulomb force e − p in the Deuteron
structure which is absent in quantum mechanical treatments, by therefore con-
tributing to the stability of the Deuteron.

4.2. Representation of nuclear stability despite repulsive protonic forces. Let
us recall that, according to quantum mechanics, protons repel each other (in view
of their equal charge) with a Coulomb force of such an extreme value not to be
counter balanced by potential nuclear forces.

We here indicate, apparently for the first time, that hadronic mechanics can
represent this additional problem of nuclear stability via a mechanism similar to
the achievement by hadronic chemistry of a strongly attractive force between the
identical electrons of valence couplings [83] [84] [85].

The proposed isotopic mechanism is essentially that of counter-balancing re-
pulsive nuclear force via the completion of a conventional repulsive quantum
mechanical model with non-Hamiltonian forces generated by a suitably selected
nonunitary transform (Sect. II-3.11).

Various measurements [86] have established that the Helium He(2, 4, 0) [87]
has a charge radius of 1.678 × 10−13 cm, against the radius of two protons and
two neutrons each having the value of 0.841× 10−13 cm[20] with a total radius of
1.682× 10−13 cm.

The above measurements confirm the primary assumption of hadronic me-
chanics, according to which nuclei are composed by extended nucleons in condi-
tions of partial mutual penetration of their dense charge distributions, with ensuing
non-Hamiltonian interactions. Consequently, the indicated measurements justify
the presence of non-Hamiltonian interactions in the structure of the Helium.

Let us assume in first approximation that the Helium is a quantum mechanical
(qm) bound state of two Deuterons with anti-parallel spins (Fig. 8)

He(2, 4, 0) = [D(1, 2, 1↑), D(1, 2, 1↓)]qm, (61)

under the sole action of the Coulomb potential between the two protons,

Vc(r) = +
e2

r
, (62)

where, as usual, the positive sign denotes repulsion, with the understanding that
conventional, attractive, nuclear potentials will be added later on.

In order to add non-Hamiltonian interactions in model (61), we subject its
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Schrödinger equation to the nonunitary transformation (Sect. II-3.7)

UU † = Î = 1/T̂ = e
Vh(r)

Vc(r) = e

K e−br

1−e−br

e2
r ,

T̂ =≈ 1− Vh(r)
Vc(r)

= 1−
K e−br

1−e−br

e2

r

,

(63)

where N is a normalization constant, resulting in the iso-Schrödinger equation
(Sect. II-5.7 and Sect. 3 of Ref. [79])

U [ 1
2m
δijpipj + Vc(r)] |ψ(r) ⟩U † =

= U( 1
2m
δijpipj)U

†T̂ | ψ̂(r)⟩+ UVc(r)U
†T̂ |ψ̂(r)⟩ ≈

≈ {− 1
m
∂̂r∂̂r + Vc(r̂)[1− Vh(r)

Vc(r)
]} | ψ̂(r)⟩ =

= [− 1
m
∆r +

e2

r
−K ebr

1−ebr ] | ψ̂(r)⟩,

(64)

where K is a normalization constant. But the Hulten potential behaves like the
Coulomb potential at short distances (Eq. (5.1.6), p. 833, of the 1978 memoir
[27]), by therefore absorbing the Coulomb potential via a mere redefinition of its
normalization constant from K to K ′

Vh(r) ≈ Vc(r), Vc + Vh = +
e2

r
−K

ebr

1− ebr
≈ −K ′ ebr

1− ebr
, (65)

resulting in the radial equation without any presence of repulsive forces[
1

r2
(
d

dr
+m(E +K ′ e−br

1− e−br
)

]
|ψ̂⟩ = 0. (66)

Consequently, it appears that nonlinear, nonlocal and nonpotential nuclear inter-
actions due to the mutual penetration of nucleons can be so strongly attractive to
overcome repulsive Coulomb force between protons.

For brevity, we leave to the interested reader the completion of the above iso-
topic model with some of the attractive nuclear potentials such as the Yukawa
potential [88], the Woods-Saxon potential [89] and other potentials or their com-
bination [90].

4.3. Open problems in nuclear stability. It should be indicated that the repre-
sentation of the nuclear stability of Sect. 4.1 via the decoupling of the neutron into
its original, permanently stable constituents appears to be solved on both mathe-
matical and physical grounds.
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By contrast, the representation of nuclear stability under repulsive proton-
proton Coulomb forces of Sect. 4.2 is purely mathematical, by therefore creating
the fundamental open problem on the physical origin of the attraction.

In the author’s view, the above open problem can be best studied via the com-
pletion of the quantum mechanical notion of point-like charge into the nonlocal
notion of isocharge of isopartices (Definition 2.1). In turn a nonlocal formulation
of the Coulomb law requires a structure model of the charge, e.g., along the au-
thor’s undergraduate thesis [91] [92] [93] (see also the review in Sects. 3.2 and
3.3 of [35]).

5 Implications of the neutron synthesis
5.1. Stimulated neutron decay. In the author’s view, an intriguing implications
of the synthesis of the neutron from the Hydrogen is the possible existence of
mechanisms suitable to trigger the neutron decay, of course, under the strict valid-
ity of all nuclear conservation laws.

As it is well known, according to quantum mechanics the electron is not a
constituent of the neutron, which therefore with consequential prohibition to stim-
ulate the neutron decay. Nevertheless, the representation by hadronic mechanics
of all characteristics of the neutron at the nonrelativistic and relativistic levels
as a hadronic bound state of an isoproton and an isoelectron admits indeed the
stimulated neutron decay. In fact, the decoupling of the neutron for nuclear sta-
bility predicts a possible stimulated decay of the neutron via the irradiation with
resonating photons γres with the frequency [57]

Eres = Eê = 1, 293MeV. (67)

Note that the stimulated neutron decay is generally not admitted by stable
nuclei, except for double beta decays of the type

γres(0, 0, 1) +Mo(100, 42, 0) → Tc(100, 43, 1) + β−(0,−1, 0),

T c(100, 43, 1) → Ru(100, 44, 0) + β−(0,−1, 1),
(68)

which transmutation has been tentatively verified by Santilli [6] [67]) and by the
experimental team [94] (see Fig. 9 and review [67]) via the following simple and
inexpensive experimental set up:

5.1.1) Purchase a small sample of the commercially available radioisotope
Europe-152 (emitting photons with Er) and of the pure isotope Mo(100, 42, 0).

5.1.2) Place the Europe-152 sample in contact with the sample ofMo(100, 42, 0).
5.1.3) The emission of easily detectable electrons from the Mo(100, 42, 0)

sample, or the possible detection of traces of Ru(100, 44, 0) in the originally pure
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sample of Mo(100, 42, 0), would establish the existence of the stimulated double
beta decays (75) beyond scientific doubt.

5.2. The etherino hypothesis. It should be indicated that, despite the best possi-
ble efforts conducted over decades, the author has been unable to identify any pos-
sibility of maintaining the Pauli-Fermi neutrino hypothesis in a structural (rather
than kinematical) representation of the neutron synthesis in a star.

This impasse has left no other option than that, in line with Rutherford’s orig-
inal conception (18), of assuming that the neutron is a generalized bound state
of the permanently stable electron and proton without any additional constituent.
Different models are encouraged, provided that they interpret the totality of the
characteristics of the neutron during its synthesis from the electron and the proton
as occurring in nature.

To begin, recall that bound states of two particles were assumed throughout the
20-th century to have negative binding energies, resulting in a mass defect which
is at the foundation of nuclear fusions. By comparison, the neutron synthesis
misses 0.872MeV which can be provided, quite simply, by the kinetic energy of
the electron (Sect. 3.3.4). However, the author has located no plausible source of
the additional energy needed to accomodate the neutrino.

Similarly, the only known structural representation of the neutron synthesis
is Rutherford’s compression of the electron inside the dense proton in the core
of stars. In turn, such a compression mandates that, to prevent extreme resistive
forces, the angular momentum of the internal electron must be equal to the proton
spin, thus implying Rutherford’s original conception (18) rather than Pauli- Fermi
conception (15). Despite years of attempts, the author has found no possibility of
accommodating the neutrino spin 1/2 in the neutron synthesis.

To illustrate the intriguing character of the problem, let us also indicate that the
studies reviewed so far on the neutron synthesis have left open the fundamental
problem of the origin of the missing energy of 0.782MeV (Sect. I-1). Contrary
to a rather general view, said missing energy cannot be provided by the relative
kinetic energy between the electron and the proton in the core of stars, because at
that energy, the electron-proton cross section is essentially null, thus prohibiting
any synthesis.

Similarly, said missing energy cannot be provided by the Sun, because the Sun
synthesizes about 1038 neutrinos per second [95], that would require about

∆E = 1038 MeV per second, (69)

by therefore implying such an energy loss for which the Sun would cool down and
never produce light.

For these and other reasons, Santilli proposed in 2007 the hypothesis that the
missing energy in the neutron synthesis is provided by the ether conceived as a
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universal substratum with extremely big energy density, and that the energy of
0.782MeV is transferred from the ether to the neutron by a massless, chargeless
and spinless longitudinal impulse called etherino (denoted with the letter a from
the Latin aether) [96] according to the synthesis

ê− + a+ p̂+ → n. (70)

Note that, contrary to the case of the neutrino in the Pauli-Fermi synthesis
(15), the etherino is on the left of synthesis (14) as a condition to supply the
missing energy. It should also be recalled that (see the original 1956 study [91]
and Chapter 3 of the review [35]):

5.2.1) The ether as a universal substratum is necessary for a coherent concep-
tion of electromagnetic waves.

5.2.2) The ether as a universal substratum is not in conflict with special rela-
tivity because of the inability by us to identify a reference frame at rest with the
ether due to inertia.

5.2.3) The aethereal wind, that has been historically used to maintain the va-
lidity of special relativity, is eliminated by admitting that, as it is the case for
electromagnetic waves, the electron and other truly elementary particles are oscil-
lations of points of the ether.

It should be also indicated that Santilli proposed the etherino hypothesis to
assure the gravitational stability of the Sun, in view of the fact that the Sun re-
leases into light 2.3 × 1038 MeV/s [97] (see also [98]), corresponding to about
4.3 × 106 t/s. Since in a Gregorian year there are 107 seconds, the loss of mass
by the Sun ∆MS per year due to light emission is given by

∆MS = 1023 metric tons per year. (71)

The above loss of mass is of such a magnitude to cause a change of plane-
tary orbits detectable in astrophysical laboratories, which change is contrary to
centuries of measurements on the stability of the Sun gravitational field. How-
ever, the energy needed for the star to synthesize neutrons, Eq. (50), is essentially
equal to the energy loss into light, by therefore allowing a representation of the
gravitational stability of the star, with the understanding that it implies a return to
cosmology based on the continuous creation of matter in the universe [99], with
intriguing implications, e.g., for a realistic representation of the energy released
in supernova explosions, since it is of such a dimension and of such instantaneous
character not to be realistically representable via the sole use of nuclear fusions.

By keeping in mind that (as it is the case for quarks) neutrinos cannot be di-
rectly detected, we should finally indicate for interested readers the existence of
unpublished indications that available experiments on the predictions of the neu-
trino hypothesis [100] appear to be numerically representable via the correspond-
ing predictions of the etherino hypothesis [96].
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Figure 9: In the left of this figure, we reproduce the original drawing of paper
[105] showing (from the left) a beam of resonating photons irradiating a cylinder of
Mo(100, 42, 0) which emits electrons easily trapped by a metal casing with the produc-
tion of a clean DC electric current of nuclear origin (for which reason the set up is called a
’nuclear battery’), plus clean heat utilized by a heat exchanger (because the metal casing
heats up while trapping electrons with 0.782MeV and the transmutation is esoenergetic).
In the right of this figure, we reproduce the original figure of paper [105] illustrating the
simplicity as well as the low cost of experimental verifications [6] [94].

5.3. The pseudoproton hypothesis. Following the synthesis of the neutron via
the compression of an electron within the dense proton, hadronic reactors (Fig.
1) progressively synthesizes, in statistical smaller amounts, various negatively
charged, strongly interacting particles [101] such as:

5.3.1) The protoid p̃−1 ) with spin 0, mass essentially that of the neutron and
mean-life predicted to be of about 7 s which is predicted to be a planar singlet
coupling of an isoelectron and a neutron (left of Fig. 5).

5.3.2) The pseudo-proton p̃−2 with spin 1/2, mass equal to that of the neutron
and mean-life of the order of 5 s, which is predicted from the compression of the
isoelectron, this time, inside the hyperdense neutron (right of Fig. 5).

5.3.3) Additional states with decreasing mean life [101] (see also Ref. [108]).
The protoid and pseudoproton are representable with the unified notation

p̃− = (ê−, n)hm, (72)

where, as it is the case for the neutron synthesis, the isoelectron has total angular
momentum J tot = Sspin + Lorb = 1/2 for the exterior orbital configuration and
J tot = Sspin + Lorb = 0 for the constrained interior configuration of Fig. 5.

The existence of the above hadronic states is predicted from the fact that non-
Hamiltonian interactions caused by deep EPR entanglement of particles are in-
sensitive to charges, thus being somewhat reminiscent of the charge independence
of strong interactions.

A reason currently stimulating mathematical, theoretical, experimental and in-
dustrial interest is that being negatively charged and strongly interacting, pseudo-
protons are attracted by nuclei here represented in standard notationN(Z,A, J, u)
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[87] with resulting unavoidable transmutation into new nuclei called nucloids
[101]

p̃−s +N(Z,A, J) → Ñ(Z − 1, A+ 1, J + s, u+mp̃), (73)

whose possible significance for the recycling nuclear waste, medical treatments
and other fields is indicated in Sect. 6.

It should be finally 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.

6 Recycling radioactive nuclear waste
6.1. The societal problem of recycling radioactive nuclear waste. As it is
well known [102], in view of the popular opposition against the transportation of
radioactive nuclear waste through populated areas to reach an assigned general
depository, the radioactive nuclear waste generated by nuclear power plants has
been stored on their site since start up, by reaching current storage levels such to
constitute a serious danger for local residents as well as to the environment.

Amidst a social problem of such a dimension, it appears recommendable to
study all possible forms of recycling o nuclear waste irrespective of whether they
are aligned with preferred theories. The problem is compounded by the failure
to date of all forms of recycling based on 20-th century theories which have been
attempted under billions of dollars of public funds.

The problem is compounded by the fact that radioactive nuclear waste can
solely be handled by governmental or para-governmental conduits, by therefore
preventing the open participation by the industry at large. Societal accountability
then suggests the continuation of the ongoing research based on the assumption
that quantum mechanics is exactly valid for nuclear waste, as well as the initiation
of governmental research based on new vistas, such as the Einstein-Podolsky-
Rosen argument that suggesting a suitable completion of quantum mechanics for
nuclear structures as a recommendable premise for the successful recycling of
nuclear waste or the development of radiation-free controlled nuclear fusions.

With the understanding that the standard model has produced a valid classi-
fication of particles, the recycling of nuclear waste is additionally precluded by
the assumption that the hypothetical quarks are the actual physical constituents
of protons and neutrons without the dismissal in refereed publications of related
inconsistencies, such as the belief that the permanently stable electron and proton
disappear from the universe at the time of the neutron synthesis to be replaced
by the hypothetical quarks ,and at the time of the neutron decay, the hypothetical
quarks disappear to be replaced by the original electron and proton [103]. For
brevity, we refer the interested reader to the inconsistencies of quark conjectures
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in Sect. 8.2.2 of [33] and the return to sanity advocated by Sir Karl Popper [104]
for the structure model of unstable particles with physical constituents produced
free in the spontaneous decays as it is the case for the neutron and all unstable par-
ticles, of course, according to hadronic rather than quantum mechanics [27] [79].
It is hoped that governmental agencies do not expose themselves to a judgment
by posterity for keeping the recycling of nuclear waste hostage to hypothetical
quarks that are incompatible with the physical reality of the neutron synthesis,
admit a rigorously proved finite probability of tunnel effect and have not been
detected free despite hadron collisions at extremely high energies.

By keeping in mind the prohibition of transporting radioactive waste through
populated areas, R. M. Santilli has proposed the recycling of radioactive nuclear
waste by the nuclear plants themselves via their stimulated decay reducing their
very long mean lives down to minutes or seconds [105]-[107] (see also [108][33]
[109]. The main issue is that the stimulated decays predicted by quantum me-
chanics are insufficient for the indicated reduction of mean lives, while hadronic
mechanics does indeed predict a number of effective stimulated decay deserving
due scientific process for proper societal accountability.

6.2. Recycling radioactive nuclear waste based on the neutron synthesis. In
the author’s view, the most important societal implication of the studies on the
synthesis of the neutron from the proton and the electron [52]-[71] is the predic-
tion of innovative means for the recycling of radioactive nuclear waste via nuclear
transmutations.

The first possibility is offered by the representation of nuclear stability via
the decoupling of the isoelectron ê from the neutron (Sect. 4) since it implies
that neutrons can be stimulated to decay via irradiation with photons γr with the
resonating frequency or energy Er = Eê which, for the case of the Deuteron, is
given by Eê = 1.293 MeV , according to the reaction first proposed in the 1994
paper [105]

γ↑r + n↓ → +p↓ + e↑ + ν, (74)

with possible application to the transmutation of Mo(100, 42, 0) into the stable
Ru(100, 44, 0) preliminarily verified by Santilli [6] as well as by the experimental
team [94] (see also Refs. [66] [71])

γr(0, 0, 1) +Mo(100, 42, 0) → Tc(100, 43, 1) + β−(0,−1, 0),

T c(100, 43, 1) → Ru(100, 44, 0) + β−(0,−1, 1).
(75)

Note that, in the event confirmed, the above transmutation would provide a
dual source of nuclear energy without the emission of harmful radiation or the re-
lease of radioactive waste (Fig. 9), which are given by the production of a DC cur-
rent (since one resonating gamma would produce two easily trappable electrons)
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as well as of heat since the transmutation is isoenergetic with ∆E = 1.828MeV ,

∆E = E(100, 42, 0)− E(100, 44, 0)− E(γ)− 2E(e) =

= (3.034− 0.184− 1.022)MeV = 1.828MeV.
(76)

A second possible recycling of radioactive nuclear waste via their stimulated
decay is given by the irradiation of waste pellets with a beam of low energy neu-
trons produced by the Directional Neutron Source of Hadronic Technologies Cor-
poration (see Sect. 3.3 and Fig. 1). By remembering that radioactive nuclear
waste can solely be handled by governmental agencies, the possibility can be il-
lustrated via the following neutron irradiation of the unstable 42−Mo−100 with
half life of 1019 years into the isotope 42−Mo−102 with half life of one minute,

2n+Mo(42, 100, 0) → Tc(42, 102, 1). (77)

For brevity, we leave to interested colleagues the extension of the above results
to radioactive nuclear waste.

6.3. Recycling radioactive nuclear waste via pseudoproton irradiation. It
should be mentioned that the confirmation and separation of the pseudoproton
and/or the protoid (Sect. 3.6 and Ref. [101]) would imply the possible recycling of
radioactive nuclear waste via their stimulated decay, as illustrated by the predicted
transmutations of the type

2p̄−(−1, 1, 0) +Mo(42, 100, 0) → Zr(40, 102, 0), (78)

in which case the 1019 years main-life of 42−Mo− 100 is reduced to the of 2.9
seconds mean-life of 40− Zr − 102.

It should be noted that, being negatively charged and having low energy (es-
timated up to 100 eV ), all protoids or pseudoprotons are expected to be absorbed
by nuclei of an irradiated waste pellet. It should also be noted that protoids and
pseudoprotons are evidently unstable. Nevertheless, their half life is predicted to
be of the order of seconds (about 10% the half life of the neutron), thus being
suitable for industrial applications.

In the author’s view, the above application of protoids and pseudoprotons
should not be dismissed on grounds of its incompatibility with the antiprotons
allegedly produced at various particle laboratories, in view of their unsettled char-
acter as true antiparticles [101]. It is hoped that particle physics laboratories may
develop reactors producing a beam of antiprotons/pseudoprotons to test possible
recycling of radioactive nuclear waste.

In view of these and other unsettled aspects, Santilli has also proposed the test
of the gravity of true antiparticles such as the positrons in a horizontal vacuum
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tube [110] (see also A . P. Mills [111], V. de Haan [112] and the Springer Nature
monograph [113]), and test the gravity of the apparent anti-hydrogen atom only
following the verification that its nucleus is indeed a true antiparticle.

7 Concluding remarks
In the hope that the studies presented in these papers can be applied to strong inter-
actions at large, in the preceding [2] we have presented a systematic and updated
study, specialized to nuclear physics of the axiom-preserving time reversal invari-
ant Lie-isotopic branch of hadronic mechanics, whose knowledge is recommend-
able prior to the study of the time irreversible Lie-admissible branch of hadronic
mechanics for the axiomatically consistent treatment of controlled nuclear fusions
[114]- [116].

We have then presented numerically exact and time invariant representations
of the experimental data of the Deuteron conceived as a bound state of a pro-
ton and a neutron via simple quantum mechanical nonunitary transformations of
available models (Sect. I-3-11) under the condition of being reformulated in terms
of isomathmatics and isomechanics (Sect. I–3.12) to avoid known inconsistencies
of quantum nonunitary theories.

In this paper, we have presented apparently for the first time:
7.1) The relativistic completion of the quantum mechanical notion of parti-

cle into that of isoparticles via special isorelativity and related Lorentz-Poincaré-
Santilli isosymmetry for extended nucleons under potential and nonpotential in-
teractions.

7.2) The representation of all characteristics of the neutron at the nonrelativis-
tic and relativistic levels in its synthesis from the isoelectron and the isoproton in
the core of stars under their big attractive Coulomb force.

7.3) The identification of the numerical value of the density of the neutron in
a way compatible with other experimental data.

7.4) The representation of nuclear stability despite the natural instability of the
neutron via the decoupling of the electron from the neutron in the Deuteron due
to the big Coulomb attraction from the second proton.

7.5) The representation of nuclear stability despite the big Coulomb repulsion
between protons thanks to the admission of nonpotential forces between extended
nucleons.

The main implications of the above advances are:
7.A) The prediction of means for the recycling of radioactive nuclear waste

by the nuclear power plants themselves via new stimulated decays permitted by
hadronic mechanics which apparently reduce very large mean lives down to sec-
onds (Sect. 6).
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7.B) The possible return to the historical cosmology with continuous creation
of matter in the universe because the sole consistent possibility of explaining the
missing 0.782MeV in the neutron synthesis is that it originates from the ether as
a universal substratum (Sect. 3).

7.C) The return to the first conception of the neutron and of nuclei at large as
being bound states of the original constituents of stars, the proton and the elec-
tron. Said conception was prohibited by the theoretical assumption that Heisen-
berg’s indeterminacy principle for point-like particles in vacuum is also valid in-
side nuclei. However, the conception of the neutron, and therefore, of all matter
in the universe as being bound states of protons and electrons is fully valid under
Einstein’s isodeterminism (Sects. 3 and 4.7) [1] [14] [15] for extended particles
within hadronic matter.
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atico di Palermo, 21, 129-176 (1906),
https://babel.hathitrust.org/cgi/pt?id=uiug.30112063899089&seq=7

[44] Santilli, R. M. Partons and Gravitation: some Puzzling Questions, (MIT)
Annals of Physics, 83, 108-132 (1974),
http://www.santilli-foundation.org/docs/Santilli-14.pdf

[45] Santilli, R. M. Rudiments of IsoGravitation for Matter and its IsoDual for
AntiMatter, American Journal of Modern Physics 4, 59-62 (2015),
www.santilli-foundation.org/docs/10.11648.j.ajmp.s.2015040501.18.pdf

[46] Rutherford, E.: The Existence of a Neutron, Bakerian Lecture: Nuclear Con-
stitution of Atoms. Proc. Roy. Soc. A 97, 374-382 (1920),
royalsocietypublishing.org/doi/10.1098/rspa.1920.0040

168



Exact Lie-isotopic representation of nuclear stability

[47] Chadwick, J.: Proc. Roy. Soc. A, 136, 692-723 (1932),
https://royalsocietypublishing.org/doi/10.1098/rspa.1932.0112

[48] Rapports du Septième Conseil de Physique Solvay, Gauthier-Villars, Paris,
324 (1933),
https://www.worldcat.org/title/23422639?oclcNum=23422639

[49] Fermi, E.: Nuclear Physics, University of Chicago Press (1949).

[50] Norman, R. and Dunning-Davies, J.: Hadronic paradigm assessed: neutroid
and neutron synthesis from an arc of current in hydrogen gas, Hadronic Jour-
nal 40, 119-132 (2017),
http://santilli-foundation.org/docs/norman-dunning-davies-hj.pdf

[51] Borghi, C., Giori, C. and Dall’Olio, A.: Communications of CENUFPE,
Number 8 (1969) and 25 (1971), reprinted in the (Russian) Phys. Atomic
Nuclei 56, 205-221 (1993).

[52] Santilli, R. M.: Apparent consistency of Rutherford’s hypothesis on the neu-
tron as a compressed hydrogen atom, Hadronic J. 13, 513-533 (1990),
http://www.santilli-foundation.org/docs/Santilli-21.pdf

[53] Santilli, R. M.: Apparent consistency of Rutherford’s hypothesis on the neu-
tron structure via the hadronic generalization of quantum mechanics, non-
relativistic treatment. ICTP communication IC/91/47, (1992),
http://www.santilli-foundation.org/docs/Santilli-150.pdf

[54] Santilli, R. M.: The synthesis of the neutron according to hadronic mechan-
ics and chemistry. Journal Applied Sciences 5, 32-47 (2006).

[55] Santilli, R. M.: Recent theoretical and experimental evidence on the syn-
thesis of the neutron, Communication of the Joint Institute for Nuclear Re-
search, Dubna, Russia, No. E4-93-252 (1993).

[56] Santilli, R. M.: Recent theoretical and experimental evidence on the synthe-
sis of the neutron. Chinese J. System Eng. and Electr. 6, 177-195 (1995),
http://www.santilli-foundation.org/docs/Santilli-18.pdf

[57] Santilli, R. M.: The Physics of New Clean Energies and Fuels According to
Hadronic Mechanics, Special issue of the Journal of New Energy (1998),
http://www.santilli-foundation.org/docs/Santilli-114.pdf

[58] Santilli, R. M. : Reduction of Matter in the Universe to Protons and Electrons
via the Lie-isotopic Branch of Hadronic Mechanics, Progress in Physics,

169



R. M. Santilli

Vol. 19, 73-99 (2023),
https://www.santilli-foundation.org/docs/pip-6.pdf

[59] Santilli, R. M.: Apparent confirmation of Don Borghi’s experiment on the
laboratory synthesis of neutrons from protons and electrons, Hadronic J. 30,
29-41 (2007),
http://www.i-b-r.org/NeutronSynthesis.pdf

[60] Santilli, R. M.: Confirmation of Don Borghi’s experiment on the synthesis
of neutrons. arXiv physics/0608229v1 Aug.15, 2007,
http://arxiv.org/pdf/physics/0608229v1.pdf

[61] Burande, C. S.: On the experimental verification of Rutherford-Santilli neu-
tron model, AIP Conf. Proc. 158, 693-721 (2013),
http://www.santilli-foundation.org/docs/Burande-2.pdf

[62] Santilli, R. M. and Nas, A. Confirmation of the Laboratory Synthesis of Neu-
trons from a Hydrogen Gas. Journal of Computational Methods in Sciences
and Eng. 14, 405–414 (2014),
www.hadronictechnologies.com/docs/neutron-synthesis-2014.pdf

[63] Santilli, R. M.: Apparent Nuclear Transmutations without Neutron Emis-
sion Triggered by Pseudoprotons. American Journal of Modern Physics, 4,
15-18 (2015),
https://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid-
=122&doi=10.11648/j.ajmp.20150401.13

[64] de Haan, V.: Possibilities for the Detection of Santilli Neutroids and Pseudo-
protons. American Journal of Modern Physics 5, 131-136 (2015),
sciencepublishinggroup.com/journal/paperinfo?journalid=122

[65] Norman, R., Beghella Bartoli, S., Buckley, B., Dunning-Davies, J. Rak, J.
and Santilli, R. M.: Experimental Confirmation of the Synthesis of Neutrons
and Neutroids from a Hydrogen Gas. American Journal of Modern Physics
6, 85-104 (2017),
http://www.santilli-foundation.org/docs/confirmation-neutron-synthesis-
2017.pdf

[66] Driscoll, R. B.: Bohrs Atom Completed: the Rutherford-Santilli Neutron,
APS Conf. Proc. APR03, April 5-8, (2003),
http://ui.adsabs.harvard.edu/abs/2003APS.APR.D1009D/abstract

170



Exact Lie-isotopic representation of nuclear stability

[67] Chandrakant, S. and Burande, C. S.: On the Rutherford-Santilli Neutron
Model. AIP Conf. Proc. 1648, 51000-1 - 51000-6 (2015),
http:// www.santilli-foundation.org/docs/1.4912711(CS-Burande(1)).pdf

[68] Kadeisvili, J. V.: The Rutherford-Santilli Neutron. Hadronic J. 31, 1-125
(2008),
http://www.i-b-r.org/Rutherford-Santilli-II.pdf

[69] Burande, C. S.: Santilli Synthesis of the Neutron According to Hadronic
Mechanics. American Journal of Modern Physics 5, 17-36 (2016),
www.santilli-foundation.org/docs/pdf3.pdf

[70] Burande, C. S.: Santilli Synthesis of the Neutron According to Hadronic
Mechanics, American Journal of Modern Physics 12, 37-45 (2016),
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=122&doi-
=10.11648/j.ajmp.2016050201.13

[71] Beghella-Bartoli, S.: Significance for the EPR Argument of the Neutron
Synthesis from Hydrogen and of a New Controlled Nuclear Fusion without
Coulomb Barrier. Proceedings of the 2020 Teleconference on the EPR argu-
ment, Curran Associates Conference Proceedings, New York, USA, 459-466
(2021).

[72] Santilli, R. M.: Foundation of Theoretical Mechanics, Springer-Verlag, Hei-
delberg, Germany, Vol. I (1978) The Inverse Problem in Newtonian Mechan-
ics, www.santilli-foundation.org/docs/Santilli-209.pdf

[73] Santilli, R. M.: Foundation of Theoretical Mechanics, Springer-Verlag, Hei-
delberg, Germany, Vol. II (1983) Birkhoffian Generalization of Hamiltonian
Mechanics, www.santilli-foundation.org/docs/santilli-69.pdf

[74] Santilli, R. M.: Isotopies of Lie Symmetries, I: Basic theory, Hadronic Jour-
nal 8, 8-35 (1985),
www.santilli-foundation.org/docs/santilli-65.pdf

[75] Santilli, R. M.: Isotopies of Lie Symmetries, II: Isotopies of the rotational
symmetry, Hadronic Journal 8, 36-52 (1985),
www.santilli-foundation.org/docs/santilli-65.pdf

[76] Vonsovsk, S.: Magnetism of Elementary Particles, Mir Publishers (1975).

[77] Santilli, R. M.: Nonlocal formulation of the Bose-Einstein correlation within
the context of hadronic mechanics, Hadronic J. 5, 1-50 and 15, 81-133
(1992),
www.santilli-foundation.org/docs/Santilli-116.pdf

171



R. M. Santilli

[78] Cardone, F. and Mignani, R.: Nonlocal approach to the Bose-Einstein corre-
lation, JETP 83, 435 (1996),
www.santilli-foundation.org/docs/Santilli-130.pdf

[79] Santilli, R. M.: Studies on A. Einstein, B. Podolsky and N. Rosen prediction
that quantum mechanics is not a complete theory, III: Illustrative examples
and applications, Ratio Mathematica 38, 139-222 (2020),
eprdebates.org/docs/epr-review-iii.pdf

[80] Hylleraas, E. A. and Ore, A.: Binding Energy of the Positronium Molecule,
Phys. Rev. 71, 493-521 (1947),
https://journals.aps.org/pr/abstract/10.1103/PhysRev.71.493

[81] Santilli,R. M.: Compatibility of Arbitrary Speeds with Special Relativity
Axioms for Interior Dynamical Problems, American Journal of Modern
Physics, 5, 143 (2016),
http://www.santilli-foundation.org/docs/ArbitrarySpeeds.pdf

[82] Rau, S. et al.: Penning trap measurements of the deuteron and the HD+

molecular ion, Nature 585, 43-47 (2020),
doi.org/10.1038/s41586-020-2628-7

[83] Santilli, R. M.: Foundations of Hadronic Chemistry, with Applications to
New Clean Energies and Fuels, Kluwer Academic Publishers (2001),
http://www.santilli-foundation.org/docs/Santilli-113.pdf
Russian translation by Aringazin, A. K.
http://i-b-r.org/docs/Santilli-Hadronic-Chemistry.pdf

[84] Santilli, R. M. and Shillady, D. D.: A new isochemical model of the hydro-
gen molecule, Intern. J. Hydrogen Energy 24, 943-951 (1999),
http://www.santilli- foundation.org/docs/Santilli-135.pdf

[85] Santilli, R. M. and Shillady, D. D.: A new isochemical model of the water
molecule, Intern. J. Hydrogen Energy 25, 173-196 (2000),
http://www.santilli-foundation.org/docs/Santilli-39.pdf

[86] ScienceDirect, Helium nucleus, website,
https://www.sciencedirect.com/topics/mathematics/helium-nucleus

[87] KAERI Table of Nuclide, website,
http://pripyat.mit.edu/KAERI/

[88] Yukawa, H.: On the interaction of elementary particles, Proc. Phys. Math.
Soc. Japan 17, 48-57 (1935).

172



Exact Lie-isotopic representation of nuclear stability

[89] Woods, R. D. and Saxon, D. S.: Diffuse Surface Optical Model for Nucleon-
Nuclei Scattering, Phys. Rev. 95, 577-578 (1954).

[90] Reid, R. V.: Local phenomenological nucleon-nucleon potentials, Annals of
Physics 50, 411-448 (1968).

[91] Santilli, R. M.: Why space is rigid, Il Pungolo Verde, Campobasso, Italy
(1956), in Italian, English translation
http://www.santilli-foundation.org/docs/rms-56-english.pdf

[92] Santilli, R. M.: Foundations for a unified theory on the structure of the elec-
tron (in Italian), Undergraduate Thesis, Institute of Nuclear Physics, Uni-
versity of Naples, Italy (1959) https://santilli-foundation.org/docs/santilli-
545.pdf

[93] Santilli, R. M.: A structure model of the elementary charge, Hadronic J.4,
770-784 (1981),
http://www.santilli-foundation.org/docs/Santilli-03.pdf

[94] Tsagas, N. F., Mystakidis, A., Bakos, G., Sfetelis L., Koukoulis, D. and
Trassanidis, S.: Experimental verification of Santilli’s clean subnuclear
hadronic energy, Hadronic Journal 19, 87-90 (1996),
http://www.santilli-foundation.org/docs/N-Tsagas-1996.pdf

[95] Oberauer, L., Ianni, A. and Serenelli, A.: Solar Neutrino Physics, Wiley
(2020).

[96] Santilli, R. M.: The etherino and/or the neutrino Hypothesis? Found. Phys.
37, 670-695 (2007),
http://www.santilli-foundation.org/docs/EtherinoFoundPhys.pdf

[97] American Chemical Society, Energy from the Sun. website,
http://www.acs.org/content/acs/en/climatescience/ener-
gybalance/energyfromsun.html

[98] Nassikas, A.: Santilli’s etherino under the claim for minimum contradiction,
Hadronic Journal 31, 201-225 (2008).

[99] Rigamonti, A. and Carretta, P.: Structure of Matter, Springer Nature (2015).

[100] Kikawa, T.: Measurement of Neutrino Interactions and Three Flavor Neu-
trino Oscillations in the T2K Experiment, Springer Nature (2016).

173



R. M. Santilli

[101] Santilli, R. M.: Apparent Experimental Confirmation of Pseudoprotons and
their Application to New Clean Nuclear Energies. International Journal of
Applied Physics and Mathematics 9, 72-100 (2019),
www.santilli-foundation.org/docs/pseudoproton-verification-2018.pdf

[102] NEI, What Happens to Nuclear Waste in the U.S.?, website,
https://www.nei.org/news/2019/what-happens-nuclear-waste-us

[103] Santilli, R. M.: An intriguing legacy of Einstein, Fermi, Jordan and others:
The possible invalidation of quark conjectures, Found. Phys. 11, 384-396
(1981),
www.santilli-foundation.org/docs/Santilli-36.pdf

[104] Popper, K.: Quantum Theory and the Schism in Physics, Cambridge Uni-
versity Press (1982).

[105] Santilli, R. M.: Hadronic energy, Hadronic J. 17, 311-225 (1994),
http://www.santilli-foundation.org/docs/hadronic-energy.pdf

[106] Santilli, R. M.: Conceivable new recycling of nuclear waste by nuclear
power companies in their plants, arxiv, 9704014 (1997),
https://arxiv.org/pdf/physics/9704014.pdf

[107] Santilli, R. M.: Apparent Nuclear Transmutations without Neutron Emis-
sion Triggered by Pseudoprotons. American Journal of Modern Physics 4,
15-18 (2015),
https://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid-
=122&doi=10.11648/j.ajmp.20150401.13

[108] de Haan, B.-O.: Possibilities for the detection of Santilli’s neutroids and
pseudo-protons, American Journal of Modern Physics 5, 131-136 (2016),
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=122&doi-
=10.11648/j.ajmp.2016050201.17

[109] Dunning-Davies, J.: A Present Day Perspective on Einstein-Podolsky-
Rosen and its Consequences, Journal of Modern Physics 12, 887-936
(2021), www.scirp.org/journal/paperinformation.aspx?paperid=109219

[110] Santilli, R. M.: Antigravity, Hadronic Journal 17, 257-284 (1994),
http://www.santilli-foundation.org/docs/antigravity.pdf

[111] Mills, A. P.: Possibilities of measuring the gravitational mass of electrons
and positrons in free horizontal flight, in the Proceedings of the International
Conference on Antimatter, Sepino, Italy, Hadronic J. 19, 77-96 (1996),
http://www.santilli-foundation.org/docs/Santilli-11.pdf

174



Exact Lie-isotopic representation of nuclear stability

[112] de Haan, V.: Proposal for the realization of Santilli comparative test on
the gravity of electrons and positrons via a horizontal supercooled vac-
uum tube, in the Proceedings of the Third International Conference on the
Lie-Admissible Treatment of Irreversible Processes, Cord, C., Editor, Kath-
mandu University, 57-67 (2011),
http://www.santilli-foundation.org/docs/deHaan-Arxiv.pdf

[113] Santilli, R. M.: Isodual Theory of Antimatter with Application to Antigrav-
ity, Grand Unification and the Spacetime Machine, Springer Nature (2001),
http://www.santilli-foundation.org/docs/santilli-79.pdf

[114] Santilli, R. M.: Embedding of Lie-algebras into Lie-admissible algebras.
Nuovo Cimento 51, 570-585 (1967),
http://www.santilli-foundation.org/docs/Santilli-54.pdf

[115] Santilli, R. M.: Lie-admissible invariant representation of irreversibility for
matter and antimatter at the classical and operator levels. Nuovo Cimento, B
121, 443-485 (2006),
http://www.santilli-foundation.org/docs//Lie-admiss-NCB-I.pdf

[116] Santilli, R. M.: Apparent Resolution of the Coulomb Barrier for Nuclear
Fusions Via the Irreversible Lie-admissible Branch of Hadronic Mechanics,
Progress in Physics, 18, 138-163 (2022),
http://www.santilli-foundation.org/hyperfusion-2022.pdf

175


