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The concept of microstructure of the real spacesidened as a mathematical lattice of cells (thseléttice), and
notions of canonical particles and fields, whicle arenerated by the space, are analyzed. Submigiosco
mechanics based on this concept is discussed aplbyed for in-depth study of the nucleon-nucleoteiaction.
It is argued that a deformation coat is developethé real space around the nucleon (as is thevaisany other
canonical particle such as electron, muon, etd)that they are the deformation coats that areoresple for the
appearance of nuclear forces. One more sourceaharuforces is associated with inerton cloudsijtations of
the space tessellattice (the excitations are atrsudbsre of nucleons’ matter waves), which accongparoving
nucleons as in the case of any other canonicatfest Two nuclear systems are under consideratiendeuteron
and a weight nucleus. It is shown that a weightleusis a cluster of interacting protons and newstrdrhe
condition of the cluster stability is obtained ietframework of the statistical mechanical appro&unhthe whole,
the paper proposes a radically new approach tory ald unsolved problem, the origin of the nucléarces,
allowing the understanding mechanism(s) occurririgva energy nuclear transmutations.

Keywords Nucleons, nuclear forces, space structure, fese?, inertons, quantum mechanics

O Vasishas, your greatness is spread like
sun’s light, is deep like ocean, has speed like
air.

The Rigveday.33.8

1. INTRODUCTION
1.1. Conventional Views

Although nuclear physics is a well-developed bran€imodern physical science, avenues for the
resolution of the problem of the origin of nucléarces are still beyond understanding. At presket t
model approach to deriving nuclear forces from theark-quark interaction prevails among
researchers. Nevertheless, such an approach istoggrestion, especially owing to the confinement
problem, which is the most difficult one for quamtehromodynamics (QCD).

It is a matter of fact that the understanding ho@DQworks remains one of the great puzzles of
many-body physics. Indeed, the degrees of freedbserwed in low energy phenomenology are
totally different from those appearing in the QCRgkangian. In the case of many-nucleon systems,
the question of the origin of the nuclear energlesés immediately arouse: the typical energy soéle
QCD is on the order of 1 GeV, though the nucleadinig energy per particle is very small, on the
order of 10 MeV. Is there some deeper insight frehich this scale naturally arises? Or the reason

Scientific Inquiry: A Journal of International Inttte for General Systems Studies, Inc.
ISSN 1552-1222© 2006 IIGSS
http://www.iigss.net/Scientific-Inquiry/mission.htm



26 VOLODYMYR KRASNOHOLOVETS

should one search in complicated details of neacaltions of strongly attractive and repulsive
terms in the nuclear interaction?

This large separation between the hadronic enarglg @ind the nuclear binding scale has led to
an alternative approach, especially at the desonipdf the physics of smalh nuclei. Namely,
effective field theory techniques, which arise frohiral symmetry, allow quantitative calculatiorfs o
energy parameters of such nuclei. In particulas¢hmethods have been employed to account for the
physics of pions in the context of chiral pertuitattheory. Currently efforts are made to combine
these effective field theories with the low energgnstants from QCD, which then might be
considered as first principles calculations. Alfertfundamental progress is expected from thecéatti
field theory and the use of super computers.

Nevertheless, recent high precision measurementmd® and Gross, 2002) of the deuteron
electromagnetic structure functioms 8 andT,g) extracted from high-energy elaséid scattering, and
the cross sections and asymmetries extracted fighdnergy photodisintegratiop+d - n+ p,
have been reviewed and compared with the theorye Theoretical consideration included
nonrelativistic and relativistic models using thaditional meson and baryon degrees of freedom,
effective field theories, and models based on t@etlying quark and gluon degrees of freedom of
QCD, including nonperturbative quark cluster modeid perturbative QCD. The conclusion has been
drawn that analyzes of the elastid scattering experiment and the photodisintegraérperiment
require very different theoretical approaches.

In other words, the rigorous results by Gilman &rdss (2002) demonstrate that QCD and the
meson theory seem disagree. Hence the origin oeaudorces in a unperturbed nucleus is still
unclear.

1.2. Hadronic Mechanics

Although QCD and quantum field theories are ratbensidered as independent disciplines, they,
however, are strongly based on nonrelativistic egldtivistic quantum mechanics. Santilli (1999,
2001) proposed the broadening foundations of quamechanics known under the title edronic
mechanicsThis mechanics has been developing now by numseesearchers both theoreticians and
experimentalists. In particular, hadronic mechariies successfully been applied for the study of
stimulated nuclear transmutations in the rangewfdnd intermediate energies (Santilli, 2001).

Santilli (2001) has shown how conventional quantaethanics is insufficient to solve its most
fundamental problem: the physical origin of th@sty interaction of nuclear constituents (a numliber o
potentials used does not give any explanation wiatef the origin of attraction between nucleons);
the theoretical prediction of quantum mechanicstlfier correct representation of the deuteron in its
ground state misses 2.3% of the experimental valhere are also other strong insufficiencies of
guantum mechanics for the representation of nudetr (Santilli, 2001).

Regarding a possibility of deriving nuclear forceem the quark-quark interaction, Santilli
(2001) reasonably remarks that quarks can onlyefieet in a mathematical unitary space that has no
direct connection to an actual physical realityeffthe continues: “It is known by experts that,
because of the impossibility of being defined im space-timegquarks cannot have any scientifically
meaningful gravitationand their “masses” are pure mathematical paramétethe mathematical
space of SU(3) with no known connection to our sp@ime.” Indeed, quarks cannot be defined
through special relativity and its fundamental Raié symmetry. Therefore, this means that mass
cannot be introduced as the second order Casiwariant, however, this is only the necessity for
mass to exist in our space-time.

In other words, the basic challenge of deducinggifeitational interaction from quarks seems
completely unfeasible.

Taking into account the mentioned fundamental diffies, Santilli, developing hadronic
mechanics, started from the hypothesis that in siesy of strongly interacting particles the total
Hamiltonian cannot be subdivided to kinetic andeptil parts. Hadronic mechanics is constructed
via a nonunitary transform of orthodox quantum naedbs, namely, the unitary character appears

only at a distance larger than the radius of nudmaesr . = 10" m:
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%1 for r<<r ,
n.f.

=l for r>>r .
n.f.

Then a simple yet in fact effective, realizatiorttus assumption for the relativistic treatmentof
system of two nucleons, i.e. deuteron, is Animadumtili isounit (Santilli, 2001)

[12= [] Diag(ng, n% ngenG)xexs(N [ do @7, () x47,()

where k =1, 2. The functionsn?, represent the shape of the nucleon and charaesesezmiaxes of

spheroidal ellipsoids normalized to the values tfwr perfect shape and to the volume preserving
simple conditions.

Such a transform allows the introduction of a maded Lie product, Pauli matrices, Dirac
equation, etc. So, the conventional Hamiltoniamnetdtivistic quantum mechanics and the appropriate
spinors are transformed to a new Santilli’s isoreathtical presentaions. The mathematics developed
enabled the calculation of basic parameters ofeaudystems, which exactly agreed the experimental
data (Santilli, 2001).

Unlike conventional quantum mechanics that operai#s point particles and their appropriate
wave packets, or wave functions, hadronic mechaaéeds with the extended particles that feature
peculiar shapes in our space-time.

Hadronic mechanics indeed yields remarkable priedistboth in chemical and nuclear physics.
In particular, it has predicted new stable chemspadcies such as hydrogen and etc., which have been
verified experimentally, and which are specified thg stronger binding energy of electrons with
atoms (around 2 times larger than in case of cdivead species). A similar hypothesis has been
offered for the structure of the neutron: the neuthas been treated as a strongly coupled proton-
electron pair. This enabled one to associate tleeau forces with the pure Coulomb interaction
between protons and neutrons. Thus in hadronic améch the origin of nuclear forces is complete
plain: this is the usual Coulomb interaction betweacleons.

1.3. Submicroscopic Consideration

QCD, effective quantum theories and hadronic meicBawidely employ notions and means of
orthodox quantum mechanics, first of all Schrdditggevave ¢ - function and Dirac’s spinor

formalisms, which themselves are exposed to simifi conceptual difficulties (Krasnoholovets,
2004a).

Nonlocality, which the wavey - function introduced, and action at-a-distance ferae the most
challenging questions of orthodox quantum mechaficasnoholovets, 2004a). In fact, in quantum
mechanics all potentials are treated as staticl@mgtdistance: a parabolic potential in the harroni
oscillator problem, the Coulomb potential in thedfogen atom problem, etc. (see also Arunasalam,
2001).

So, all modern quantum theories including quantuechanics, QCD, hadronic mechanics and
etc. imply long-range action. Therefore, in thispect they do not differ from the phenomenological
Newton’s gravitational law, which indeed establsiige link GM;M, /r between two distant objects,

but does not account for the mechanism that restize interaction. General relativity also does not
account for the origin of Newton’s potential, birhply employs it as a starting point complicatihg t
theory.

Moreover, no one of quantum theories available dmgs any attention to the background of
systems studied, i.e. the structure and pecuBaritf the real physical space. The theories are
developed in abstract spaces: energy, momentursephfilbert and so on. Instead of the background
space they use such complete undetermined notisns ‘ghysical vacuum” or/and an “aether”
providing them with every possible and imaginarggarties. It seems the aforementioned Santilli’'s
guotation regarding quarks as objects that aredetgrmined in the space-time is the apt turn of
phrase, which emphasizes the validity of our dsitic
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Having overcome difficulties of quantum physics szdi by the deficiency of knowledge about
the background, Bounias and the author (Bounias Knagnoholovets, 2003, 2004) have recently
undertaken an in-depth study of space as it istiggafrom topology, set theory and fractal geometr
we have revised the principal mathematical notidiyswhich time the mathematical and physical
literature has presented.

We have based our consideration (Bounias and Khadoxeets, 2003, 2004) on the assumption
that the real space, i.e. a 3D space or a 4D dpaeedis not a dim vacuum but a quantum substrate
that shares discrete and continual properties. |&iyito condensed matter physics in which the
availability of a regular/irregular atom latticeagk the fundamental role, we have introduced aiaipec
mathematical lattice of topological balls, whichachcterizes the real space in detail. This space
generates matter (particles) and provides for thaton of physics laws. In particular, the inté¢i@t
of a particle with the surrounding space, cellshef mathematical lattice called the “tessellatti¢els
to produce short-range action, i.e. excitationghef tessellattice, which are capable of carryirg th
interaction for long distances from the particle,im the case of excitations of the crystal lattte
solid.

A particle appears as a local deformation of trese#attice. The deformed cell being stable
represents an actual core of any canonical particle

It is assumed (Krasnoholovets, 2000a) that the @iz superparticle, the building block of the
tessellattice, is on the order of om. In fact, it is known that on this scale thrdefaur physical
interactions (electromagnetic, weak and strongepixéor the gravitational interaction) should come
together. Besides, in particle physics researchsesthe notion of an abstract superparticle whose
different states are electron, positron, muon, kgjaatc.

A cell deformation of the tessellattice means tigction of mass in the appropriate cell and the
value of mass is directly proportional to the degoéthe cell deformation. Such deformation caryonl
be the fractal deformation (Bounias and Krasnohet®yv2003a,b). Besides, the class of leptons
(electron, muon and -lepton) is characterized by the fractal reductibthe initial volume of a cell,
though the class of quarks features the fractahiesion of the initial volume of a cell (Bounias and
Krasnoholovets, 2003a,b).

The electric charge is associated with a quantufmacfality that is complete located in one cell
(Bounias and Krasnoholovets, 2003a,b). The chaege & located on the surface of the particlet cel
A positive charged particle has naturally been meiteed as an object whose surface covered by
protuberances, then a negative charged particlspéxified by the surface covered by cavities
(Bounias and Krasnoholovets, 2003c; Krasnoholoa&83b). A detailed theory of the charge and the
submicroscopic interpretation of the Maxwell eqoas have been developed in paper
(Krasnoholovets, 2003b).

The theory of the real space allows the constroctdd a mechanics of particles, which
incorporates the interaction of a moving particlghwthe tessellattice essentially representing the
degenerate, or non-manifest, state of the spaagthbr words, this is a dynamics of the mathemitica
lattice, the tessellattice, which being developéil t@mplete substitute all modern theories andrthe
attempts aimed at the construction of a unifiedthef the nature.

In the present work we briefly describe submicrgscguantum mechanics developed in the real
space, which has been constructed by the authoms(i$holovets and Ivanovsky, 1993;
Krasnoholovets, 1997, 2000b, 2002a, 2003a). Itlshioet emphasized that the theory has successfully
been verified experimentally (Krasnoholovets andiy, 2000; Krasnoholovets, 2001a,b) and agree
well with many data. Then the results obtainedhie framework of submicroscopic approach are
applied to the consideration of nuclei. That is, wi# study peculiarities of the nucleon structure,
which generate nuclear forces, and disclose therin@asons for these forces. After that we will
investigate actual trajectories of nucleons indbateron, i.e. trajectories of the deuteron's randen
the real space. Furthermore, we will analyze thgims of major potentials, which are present in
weight nuclei and which show that a nucleus shbeltreated as a cluster of nucleons.

2.DYNAMICSOF TESSELLATTICE

We have shown (Bounias and Krasnoholovets, 200884)2that the universe indeed can be
constructed of nothing, or in other words, the erse allows the description in the form of a
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mathematical lattice of empty sets, i.e. degenaralls that can be called superparticles. Obvigusly
dynamics of the mathematical lattice, called thesedattice (Bounias and Krasnoholovets, 2003a),
should include all possible kinds of transformasi@nd movements allowable by the combinations of
mathematical rules in the structure of packed t¢aeking into account possible cells’ shapes andskin
of symmetries, the inversion of cell deformatiorg(gthe transition quark — lepton), the excharige o
fractal deformations, and the real motion of defedncells, i.e. particles, in the tessellattice. The
theory of dynamics of the tessellattice is stiltlie rudimentary state and its further developmett
need the tremendous work of numerous researchers.

At the same time, the motion of a particle in thesellattice should be related to pure mechanics,
but what kind of a mechanics? The problem has Istedied by the author in a series of works
(Krasnoholovets and Ivanovsky, 1993; Krasnoholgve@4a; 2000a,b, 2001a,b, 2002a,b,c, 2003a;
Krasnoholovets and Byckov, 2000). The researchshasvn that the mechanics of particles in the
tessellattice (i.e. in the real space) constitigebmicroscopic deterministic quantum mechanics
because it is easily reduced to the formalism ofveational quantum mechanics: Schrodinger’s
(Krasnoholovets and Ivanovsky, 1993; Krasnoholqvé®97) and Dirac’s (Krasnoholovets, 2000b),
which is developed in abstract phase or Hilbertepa

We recall that quantum mechanics, as such, beiegdban indeterminism is constructed in the
phase space and establishes probabilistic linke/degt measurable characteristics of the system
studied. The most essential characteristics, carpaters, of particles are their energy, momentum,
moment of momentum, and position. Submicroscopierdenistic quantum mechanics, which is
called submicroscopic mechanics below, makes brodke framework of orthodox quantum
mechanics. The deterministic approach has beertrooted in the real space in which the particle’s
parameters mentioned above are determined. Thusisscopic mechanics being developed in the
real space allows causal links between the giveticfaparameters.

In submicroscopic mechanics, the creation of a c@abparticle is treated as the appearance of a
local deformation in the tessellattice, i.e. a Eaihange in the volume of a superparticle is datext
with the formation of a massive particle. The massletermined as the ratio between the initial
volume of a superparticle in the degenerate sthtthe tessellattice and the volume of the same

superparticle in the deformed statd,, OV P /v®¥™ A quasi-particle, or elementary excitation of

the space tessellattice, is also associated wétlapipearance of a local deformation that is snmall a
unstable in comparison with a particle; the mass af excitation of the tessellattice

m, OV Py EED  Therefore, M, >>m, .

Note that in the case of mechanics, there is nal nedake into account peculiarities of the
volume decrease of a cell, which results in thesatidn of mass in the corresponding cell. Although
the pure volume decrease is not sufficient for tiog a cell with mass; only the fractal-related
decrease of the volume of the cell causes an ad&fafmation that is associated with mass (Bounias
and Krasnoholovets, 2003b,c, 2004).

In solid state physics, the occurrence of a forgignticle in the crystal lattice automatically
induces a range of a deformation in the crystéthti.e. the so-called deformation coat, whichers
from several lattice constants to several ten@fdttice constants. By analogy, we should coosau
deformation coat around a canonical particle intéssellattice, which plays the role of a screext th
separates the particle from the degenerate spadeed a particled cell should be characterized by a
strong local deformation. Hence the tessellattlveukl responses to this deformation in such a way
that all cells in a rangR around the particled cell become deformed dowhéedoundary where edge
cells are bounded by a rupture of the remainingtétay. We equal the sizR of the deformation coat
to the Compton wavelengtil-,,, =h/(Mqc) of the particle in question (Krasnoholovets, 2000b

Hence the radius of the deformation coat coincideth the value of A,,. Since cells, or

superparticles, inside the coat are deformed, plosgess mass as well as the particle that is found
the center of the formation.

When a particle starts to move with a velocity it pushes its way through coming fluctuating
superparticles and thus the particle collides witperparticles. Owing to the interaction with cognin
superparticles the particle has to emit elementgitations. As the excitations represent inert
properties of the particle, they were called “ined” (Krasnoholovets and Ivanovsky, 1993;
Krasnoholovets, 1997, 2000b); inertons are gengrdtee to the resistance of the space that the
moving particle experiences (see also (Bouniaskaadnoholovets, 2003b)). The moving particle also
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30 VOLODYMYR KRASNOHOLOVETS

pulls its deformation coat, but superparticles e tcoat remain motionless. The superparticles’
massive state travels by a relay mechanism, ieepéticle adjusts surrounding superparticles o th
deformation coat state; it is suggested that tlaiess adjusted with a speed no less than thedspfee
light c.

The particle emits inertons along a sectidri2 of its path and hence it loses the velocity,
U - 0; on the next sectiom /2 the elastic tessellattice sends inertons backwatte particle and

the particle velocity is restored to the valueand so on. The sectiodis the equivalent of the de
Broglie wavelength of the particle. In such a maninertons make up a substructure of the matter
waves and therefore they should be considered agrsaof the quantum mechanical force, or
guantum mechanical potential, generated by thecfmih the ambient space. The velocity of inertons
cannot be lesser than the speed of lighthus inertons allow us to completely remove loagge
action from quantum mechanics. Inertons transngittine energy and the momentum also carry
fragments of local deformation of the tessellattice. they atomize the particle’s inert mass ia th
surrounding of the particle. This means that thentineed quantum mechanical potential (or the
deformation of the space) should be identified wifth gravitational potential of the particle. This
problem has been studied in detail by Krasnohoky2002b, 2003a) where the process of inerton
emission and the reentry of inertons into the plarthave also been investigated. The transitictheo
formalism of orthodox quantum mechanics takes plgceelationships

E=hv, A=h/p . 1)

which are derived in the frame of the submicroscapinsideration.

Relationships (1) were first written down for atpde by Louis de Broglie in 1924 (see, e.g. (de
Broglie, 1986)) and then were derived by the autfiérasnoholovets and Ivanovsky, 1993;
Krasnoholovets, 1997) in the framework of the suivoscopic approach briefly stated herein. The
availability of relationships (1) enables (de BieglL986) a simple derivation of the Schrédingeveva
equation.

12
=@-0) 72
6 inerton cloud’s path Figure 1. Schematic representation
ZK e of the section/A along the particle
¥ / 4 \‘ e’ . . path and the effective path length
"~ -~ ~
Y R P I . 23 2\ of the particle’s inerton cloud.
S~ particle path

In the submicroscopic approach the paramgtisrequal to the total kinetic energy of the paetic

%Mov*J1-0?/c? ; v denotes the frequency of oscillations of the plrtidong its path, namely, the
frequency of the oscillation of the particle’s vety due to the periodic emission and reabsorptibn
inertons,v - 0 - v - 0 - ...(besidesy is connected with the period of collisioh®f the particle
with its inerton cloudy =1/(2T) ); the de Broglie wavelengtl represents here the spatial period, or

amplitude of oscillations of the particle along fiath; p = MOU/\/l—UZ/CZ is the total momentum

of the patrticle.
The mentioned paramet&ralso enables other presentatiofiscvA and T =cA where A is

the free path length of the cloud of inertons, \mhite cloud passes between two sequential colision
with the particle (\ can also be called the amplitude of the inertood). Similarly, A can be called
the free path length of the particle. Such a priediem makes it possible to consider the particle's
behavior in terms of kinetic theory. The particl@ath and the particle's parameteYsand A are
sketched in Figure 1. As follows from Figure 1, flamge covered by the inerton cloud around the

particle can be estimated by a radRs /(A /2)*> -(4/2)? ,i.e. R~A.
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So, the availability of the inerton cloud enclosiagcanonical particle endows the abstract
(probabilistic) wavey - function with an actual physical sense: Tge function covers the range of

the space disturbed by the moving partidie:- A, and sets up links between the parameters of the
particle and those of the particle’s inerton clobmdother words, they - wave function describes the

inerton field of the particle, which spreads outh# particle up to the rangeA .
Equating relationd =v A andT =cA , we get the relationship

A=Aclu (2

that relates the particle parametérsand v to corresponding parameters of the particle imectoud,
A andc. Relationship (2) can be rewritten by using thenton wavelengthl,,,, of the particle,

A= Agom GV, )

We see from expression (3) that when the partigi®oity v tends toc, the inerton cloud
becomes practically closed in a range embracedh®yCompton wavelength, or in other words, the
deformation coat (or the space crystallite) thatdesveloped around the particle in the space
tessellattice.

The submicroscopic quantum theory stated aboveddoellusefully employed in the studies of
those quantum systems to which conventional quamhgthanics is also applied. Perhaps the main
value of the submicroscopic approach is its shemtge action, which so far has been overlookeden th
other concepts. Besides, submicroscopic mechapidsl solve such difficult theoretical problems as
disagreement on the Schrédinger equation and Loremtariance (Krasnoholovets, 1997), the
interpretation of the spin (Krasnoholovets, 200Bbynias and Krasnoholovets, 2003c), the nature of
the phase transition that occurs in the quanturtesysinder consideration when we pass from the
description based on the Schrédinger formalismhad testing on the Dirac one (Krasnoholovets,
2000b), the origin of gravity (Krasnoholovets, 2B022003a), the nature of the photon
(Krasnoholovets, 2002c, 2003b) and so on. Moredbertheory has predicted the existence of a new
physical field — the inerton field — that then hasiccessfully been fixed experimentally
(Krasnoholovets and Byckov, 2000) (see also Krasloets (2001a,b)).

All these results allow us to anticipate that thdraicroscopic approach should also be useful
when considering the intricate challenge associaftié the nature of nuclear forces, the more so, as
experimentalists who investigate low energy nucleactions claim that they fix a new “strange”
radiation at the transmutation of nuclei (Urutske¢wal. 2002; Benford, 2002). Clearly, that “strethg
radiation was nothing else as inertons, which tadidrom the appropriate inerton clouds of nucleons
when the latter rearranged in nuclei.

3. DEFORMATION COAT OF THE NUCLEON

Since superparticles in the deformation coat sugling a particle possesses masses, they should fall
within collective vibrations by analogy with massientities (atoms, molecules) in the crystal lattic
This analogy has also allowed us to call the deftion coat the space crystallite and then to
investigate its vibratory mode (Krasnoholovets, @80 In the crystallite, vibrations of all
superparticles co-operate and the total energypérparticles, which is equal to the total enerfly o

the particle,Mocz, is quantized,
he,, =M, 4)

where ky =272/ Acqn is the wave number and, =ck, is the cyclic frequency of an oscillator in
the k-space (the quantityl .., is the amplitude of the oscillator, which is givienthe crystallite size,
i.e. the Compton wavelength). For the moving plrtexpression (4) is transformed to
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hw, =Mc? (5)

where M =M, /v1-0?/c? and k, = 277/(/1C0m/ l—uz/czj. The crystallite travels together with

the particle, namely, coming superparticles adjasthe massive state in the range covered by the

crystallite size/lcmnlxll—uzlc2 by a relay mechanism with a speed no less thaspbed of light.

Figure 2 depicts the deformation coat, or crysgllthat is progressing around the canonical
particle in the degenerate tessellattice. Figuratl2er sketches the spatial pattern of a lept@c{en,
positron, muon, etc.).

Figure 2. Canonical particle surrounded by
.'L \ its deformation coat, or space crystallite in
! T the space tessellattice.

In the case of a quark we should anticipate a ammjlicture, though the quark itself and
superparticles in its deformation coat should baratierized by a deformation that is inverse in
comparison with that that specifies leptons andeguarticles in the lepton’s coat. This is the only
feature that distinguishes a family of quarks fribrat of leptons and only this feature can accoant f
the non-stability of isolated quarks. The only vfay quarks to survive is their integration into gps
of a smaller total size, hadrons, which have toelotihe degree of the inverse deformation of space
associated with the quark and thus should staltitieen. Here we will not analyze peculiarities of th
spatial pattern of quarks in a hadron and the matioquarks in it (though the motion should not in
principle be disobedient to the rules of submicopsc mechanics stated above). We shall restrict our
consideration to the fact that the hadron featfirssquarks' generalized deformation coat and ten
outer, or usual deformation coat shown in Figuii@ 8hich superparticles of the space tessellattice
have a smaller size than that in the degenerae sta

For the nucleon we may ascribe the radiRs 004x10'® m to the quark's generalized

deformation coat, because on this size, as is knee®, e.g. (Sytenko and Tartakovsky, 2002, p. 8)),
nuclear forces of attraction are converted intocdsr of repulsion. The masses of nucleons,

M neutron /Mo proton = 167x10% kg and therefore the nucleon’s Compton wavelength
Acom=h/(Myc) =132x10" m. This magnitude should be identified with anuattradius of the
(outer) deformation coat of the nucleon. Figureepidts the nucleon in the real space: there is the
main body (the hadron core) with the radRysd] 04x10*® min the center part, which includes three
quarks, and the deformation coat (crystallite) sumding the core with the radiuk.,, = 132x10™°

m.
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Figure 3. Degenerate space and the nucleon, which
consists of the main body, or core (shaded) and the
| deformation coat that surrounds the core.

Since the size of a nuclel®= R,A*® where R, = (1.2 to 1.3)x10"®* m andA is the number of
nucleons, we may identify the paramety with the said Compton wavelength.,,, and therefore
R, becomes the radius of the deformation coat of ieleon. Beyond the coat superparticles are
found in the degenerate state where they do nagesany mass.

3.1. Behavior of the Deformation Coat in the Phase Space

The value of the potential energy accumulated & dieformation coat of a nucIeorM(,nc2 for

neutron andM 0p02 for proton) stores up in the vibrating mode of doat, which shows expression

(5) that has been derived at the consideratiohénenergy space (see Appendix in (Krasnoholovets,
2000b)). Vibrations of atoms in the crystal latt&geplify periodical oscillations of atoms arourtneir
equilibrium positions. In the case of the deformatcoat the vibratory process can occur according t
a similar scenario. Besides, owing to the sphefmah of the crystallite we may reduce the problem
to the well-known task of mathematical physics oral vibrations of a gas contained in a sphere, (see
e.g. (Koshlyakov et al., 1970, p. 184)).

The velocities potential of the gas fulfills the wave equation

O, 20u_10u
ar2 rar c?oat?’

(6)

hereu for radial vibrations is a function af andt alone where is the distance from a vibrating
particle of the gas to the center of the spheret iithe time. Equation (6) is solved by substitatio

u(r, t) =w(r)JI(t) . (7)

The surface of the sphere is treated as a hardagrevand therefore the normal component of the
velocity is equal to zero, which leads to the bargaondition

ow(r)

ar =0 ®

r=Ry
where R, is the radius of the spherical envelope (the mdiuthe deformation coat). The solution for

w(r) is
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W(r):cwy (9)

or in the explicit form

1 | u+a
w,(r) == sin| —=——r 10
5(r) p [ Ry J (10)
where
,US:(S"'%)]T—SS, (11)

a is the positive constant and the functignsatisfies equation

2, 4

£ = : (12)
2s+)mr 3@2s+)m
The partial solution to the task is
ug(r, t) =Uslsin(ﬂs—;'r]sin[c%—;t+ﬁs]. (13)
r

Although the total solution isi =} _us, we restrict our study by expression (13) fy(r, t) as we

assumed that massive superparticles should vilimatbe deformation coat only in one collective
mode (Krasnoholovets, 2000Db).

Nuclear forces appear when deformation coats ofrsg¢g nucleons overlap. Indeed, vibrating
superparticles of one coat begin to interact wlthse of the other coat. It is a matter of fact that
interaction between two oscillators reduces thaltenergy of the oscillators. In our situation the
overlapping means that boundary condition (8) istrdged: the derivativew/dr becomes other
than zero atr = R, . The nucleon-nucleon interaction expends the piatem(r) of one participant
beyond its spherical envelope inside of the poa¢mtiduced by the other participant. Therefore we
can expect that condition (8) will now be realizgédhe other effective distance= R, + AR, i.e.

ow(r)

e =0. (14)

r=R,+AR

Boundary condition (14) alters argumer(ig, +a)r/R, and (us +a)ct/R, in expression (13) to
(us+a)rl(Ry + AR) and (ug +a)ct/(R, + AR) , respectively. This enables us to rewrite the timiu
(13) in the form

1 .| u+a . Hs+a
ug(r,t) =U = sin == r{sin c-==—t+ 8, (15)
s Sr '{RO+AR J [ R,+AR  °

Solution (15) shows that the union of nucleons leabeir energy. In fact the multipliers at timan
expressions (13) and (15) are the respective cffelipienciese, and ag , i.e.
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wg:c'us_m, W, = X 1_£ . (16)
R Ry

It is reasonable to assume that proper harmoniatitins of massive superparticles in the deformmatio
coat occur at the fundamental tone that is charaetk by the frequency, = (¢ +a)c/R, where

M, C 4494 (Koshlyakov et al., 1970, p. 187). If we set=1.785 we indeed reach the equality
hoy = Mg,c? OMg,c% =93826 MeV. av)

Since the interaction of nucleons can reduce theérgy byW =47 MeV (in agreement with the
Fermi gas model, see e.g. (Sytenko and Tartakoa€l32, p. 185), we can write the equality

0 — (93826 47) MeV (18)
0

1+AR/R,

that makes it possible to estimate an effectivegyeaof the overlapping of deformation coats of two
nucleons,AR L 0.053R, .Such an overlapping can virtually draw two nuckedogether, but only a

little. A deeper penetration into the core siRe can be achieved only in the case of weight nuclei

when the collective motion of a great number ofl@ois is allowed for.
Thus the study conducted in the framework of thasphspace has shown that the coupling of
nucleons is a beneficial process. Now let us tak®laat the behavior of nucleons in the real space

3.2. Behavior of the Deformation Coat in the Real Space

Submicroscopic mechanics briefly discussed above Ibe@en constructed (Krasnoholovets and
Ivanovsky, 1993; Krasnoholovets, 1997, 2000a,b,2aD@&s the kinetic theory of a particle, which
does not pay any attention to the reasons thatrertbe re-absorption of inertons emitted by the
particle at its motion.

The problem of reversion of inertons has been studi (Krasnoholovets, 2002b, 2003a). During
the period of oscillations of a particle/superpaetithe value of its mass periodically changes betw

M = My/v1-0%/c® and M, i.e., any motion of a particle is associatietl the periodical
disintegration of its inert mass. Since by deforitthe mass characterizes a local deformation ef th
space tessellattice, i.eVl , reflects a change in the volume of a degenergterparticle, the mass

oscillation implies periodical changes of the paetisuperparticle’s volume between the oblate state

V/J1-0?/c?, and the rest oneVY. The potential part of the total energy of the ieiing

superparticle corresponds to the deviation of theegparticle from its equilibrium position in the
space tessellattice.

In the case of the nucleon’s crystallite, we caflof®o a similar pattern: Vibrations of
superparticles in the crystallite means that tHaesof their masses oscillate in such a way that t
local deformation (the mass) periodically passés the local deformation of the tessellattice as th
whole (called the rugosity in (Krasnoholovets, 2002003a)). In other words, the contraction of one
superparticle (the mass) competes with the shifhefsuperparticle from its equilibrium positiohét
rugosity) in the tessellattice. So, we can constitue following specific Lagrangian that descrilbes
behavior of superparticles in the deformation ¢oampare with (Krasnoholovets, 2003a))

L=y (42 +152 —cm Oz, ). (19)
n
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Here m, is the mass of a superparticle that is specifiedhle radius vecton and Z,, is the

deviation of the said superparticle from its edmilim position in the deformation coat.
Euler-Lagrange equations of motion written foy, and Z, are reduced to two uncoupled wave

equations below where we omit the indefsee technical details in (Krasnoholovets, 20Q203a))
o'm, 20m _ 1 0’m
ar? roar c?ot?’
o= 205 _10°=
ar® roar ¢ at?’

(20)
(21)

In equations (20) and (21) owing to the spherigahmmetry m and = are functions of the
distancer alone ( is the distance from the superparticle under ctamation to the center of the
sphere) and time. Once again, the local radial translational defstion =, which is the only
component of the vectoE is treated as a collective parameter of the \ilbgateformation coat
describing a deformed range of the space as a wtaleis why the term “rugosity” of the space has
been used to name it (Krasnoholovets, 2002b, 2003a)

Equations (20) and (21) are similar in form with. [#), however, they do not require such a hard
boundary condition as expression (8) prescribe&ingainto account that valugs and = should
oscillate in opposite phases, we arrive at appatgptoundary condition

m(r, t)],=r, =0 =(r,t)];==0. (22)

Then the solution fom becomes
m(r, t) = mo%|cos(m /2R01|cos(nt/2T)| : (23)
=(r, 1) = EoroTz|cos(m 12R, )codnt /2T (24)

here r <R,; the parameters,, and ry,, are normalized constantsy, is the maximum value of
mass, which is realized at the center of the sphegeis the maximum value of the rugosity, which is
reached at the boundary= R,

Solutions (23) and (24) bring out the behaviorugerparticles in the deformation coat in the real
space. In fact, the most interesting for us thetsm (23) shows that the massof a superparticle
located at a distanaefrom the center periodically oscillates with.e. the volume of the superparticle
oscillates. From the viewpoint of the constitutioh tbe space this means that one kind of the
deformation is periodically transformed into thenet one, namely, a local deformation of the
tessellattice is transferred to a local translaioradial deformation and on the contrary. In the
deformation coat the mass distribution is giveriti®/respective amplitude in expression (23),

Anass0 2 cod7rr 12R). @5)
r

In the state of the pure translational deformatiom superparticle under consideration does not
possess any mass(r,t)= 0Og. its volume equals the volume of a superpartiocated in the

degenerate tessellattice, but it is slightly shiffeom the equilibrium position. Therefore, the
deformation coat that consists of massive supectestrepresents an actual deformed range of the
space surrounding the nucleon. The degree of thteakdaformation is distributed in the coat in line
with the amplitudeA, .., (25).
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In such a manner the deformation coat with the @aogR, = Ac,, =h/Myc represents the

actual deformation potential of the nucleon. Thisthe mass field, or deformation field, which is
responsible for the availability of attractive nemt forces in nuclei. The nucleon-nucleon interactio
changes the boundary conditions (22); in partictitarthe mass the condition is affected to

m(r, )], = r+ar =0, (26)

that is, the overlapping of two coats extends &mge of action of the massive (deformation) pogédnti
This brings about the replacement®f for R, + AR in the solution (23).

The amplitude of inerton cloud\ (3) much exceeds the object size. Because of that,
interaction between objects is carried out by thearton clouds, which overlap similarly to the
overlapping of deformation coats of interacting leoas. Consequently, the nature of macroscopic
gravity and that of microscopic nuclear forces@mpletely the same, they vary only in scale. bt,fa
in the case of the gravitation (Krasnoholovets, 202003a), we have obtained solutions for the
inerton cloud, which have the form of expressid®) @nd (24); the difference is only in scale:hiét
boundary of the deformation coat is found at theadice ofR, = A, from the center of a nucleon,

the boundary/\ of the nucleon’s inerton cloud is determined bhatrenship (3). The interaction of
overlapping inerton clouds of two distant particlegh massesM,; and M, is characterized by the

energy GM;M,/r that is extremely small in comparison with theemaction of overlapping

deformation coats of nucleons in a nucleus (severs of MeV).

Thus the phenomenon of the attraction, in esseaaguised by the contraction of the space that
surrounds physical objects. In both the deformatoat and the inerton cloud, masses represent
deformed cells (or superparticles) of the spacsetkstice and hence these domains of the spang bei
in the contracted state induce actual deformataiargials of the objects.

The overlapping of the deformation coats meansdhatcore comes under the influence of the
deformation coat surrounding the other core. Ireptliords, due to the overlapping superparticles in
the deformation coats become more deformed, or imegsand the value of the appropriate
deformation should depend on the degree of thelagyging of the coats, which is proportional to the
radius changeAR evaluated above. Using the experimental data enntimimum value of the
potential well W = 35 to 47 MeV), we can evaluate an increase énttital mass of superparticles

found in the deformation coat. Since the total epevyc? — M,c? —-AE, we may write for the total

mass of superparticles in the coatMy - My+AM  where AM =M0XAE/(M002 )
C (0.037 to 0.09xM,. Hence the notion of a “potential well” implies tha the range of space

covered by the well, spatial blocks, i.e. superpiad, are found in a more contracted state thahan
space beyond the potential well.

4. NUCLEONSIN DEUTERON

Although the deuteron is the simplest nuclear systhe thorough theory of the deuteron is still far
being complete. Of course, many parameters of ¢lutedon have already been clarified; for instance,
the low boundary of the minimum of the potentiallwg/ =35 MeV, the binding energyAE = 222

MeV, the effective radius in triplet and singledtsss, Ry ), etc. (see, e.g. (Sytenko and Tartakovsky,

2002; p. 9). Nevertheless, the inner reasons foptbton-neutron coupling and many peculiar details
associated with the behavior of nucleons in thaaten are not yet entirely known.

Let us now look at the problem of the deuteron ftbmviewpoint of the constitution of the real
space that is developing. It is reasonable to &s®othe potential well with the overlapping of
deformation coats of two nucleons. Since the radia$ the nucleon coat is

R, :h/(Mn(p)c): 132x10™ m, the inequalityRy > R, ,where R, stands for the radius of the
deuteron, should mean that the deuteron’s protehremutron are found outside the overlapping of

their deformation coats for a long period of tingeich a pattern implies that the space tessellattice
must take part in the oscillating process of thelenns. The deuteron’s proton and neutron feature
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virtually the same mass and velocity, thereforeirtmteraction should be like the behavior of gtas
balls in a viscous substrate (Krasnoholovets, 2p0aother words, the elastic space plays the able
a spring that holds each of the two nucleons ingla

Let us study the behavior of these two nucleoneimtof the submicroscopic approach. Any
particle, including a nucleon, moves emitting aedhsorbing its inerton cloud. These processes occur
in the section that equals the de Broglie wavelenit Emitted inertons are elastically reflected from
the space tessellattice at a distanceNof Ac/v (2) from the particle and then come back to the
particle. Note that at the range 6f, local deformations of the space, which are cdrhg inertons,
are converted into the rugosity of the space, wiisch kind of a tension of the space, i.e. roughly
speaking,m - =. The space tessellattice straightens the rugesity initiates the reverse inerton
motion: the rugosity passes into the local deforomat= - m, and so on.

Let us now calculate the de Broglie wavelength inueleus. The specific energy per nucleén
in a nucleus is around 8 MeV (Sytenko and Tartakpv8002; p. 169) and therefore from equality

M,v?

21-0?/c?

we get for the nucleon velocity = /2E, /M, = 58x10". Hence the de Broglie wavelength of the

= 27)

nucleon A =h/Mu=06x10"* m. These parameters allow us to calculate the amdpliof the
inerton cloud of the nucleon by relation (2),= Ac/v = 35x107%* m.

For the deuteron, putting the binding enerfi = 222 MeV, which is equal to the kinetic
energy of a nucleorE;, we get from expression (27) [0 206x10" m/s, A 1179x10™* m, and

AD026x107" m.
It is interesting to note that the estimated valbie®, and A imply that in an atom whose size

is ~10%° m neither deformation coats of the nucleus’ nueenor inerton clouds of nucleons can
reach electron orbits. This fact on its own meaesnticleus does not hold the electrons in the drbita
position. At the same time, for an electron in émmathe Compton wavelength (i.e. the electron’s

deformation  coat) AN =h/(Myeqc) 024%x102m, the de Broglie wavelength

Aem,:h/(Me,em,U)DS.Sxm’mm, and the range covered by the electron’s inertdoud

Re|ecn=%/\e|ectr0/2U'“10_8 m. So the amplitude of the inerton cloud of an asoelectron far

exceeds the atom size. As has recently been shrasr(oholovets, 2002c, 2003b), photons represent
nothing else but electromagnetically polarized toms. That is why in the atom, only
electromagnetically polarized inerton clouds ofcelens capture the atomic nucleus. In other words,
polarized inertons of atomic electrons directlyemact with the nucleus. Hence contrary to the
consensus, those are electrons that generate t@MNénd Coulomb) potentidl/r of an atom.

The difficult problem of the motion of nucleons tmetdeuteron, which takes into account their
interaction with the space, can be reduced to @&mnple study that employs the kinetic approach
first proposed in submicroscopic mechanics of a frarticle (Krasnoholovets and Ivanovsky, 1993;
Krasnoholovets, 1997, 2000a,b). Let us construetLthgrangian that makes allowance for the actual
contraction of a moving object, i.e. the nucleusim case (the so-called relativistic Lagrangialng, t
overlapping of deformation coats of nucleons @.@otential well), the emission of the proper inert
cloud of one nucleon and the absorption of the rotterton cloud emitted by another nucleon. To
simplify the investigation, we will consider thedvdimensional Lagrangian,
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iMoo+ 72} m3 (e +riep)

=1

L= —2M0c2{1—

2 . .
_?ﬂ\/ nbMO Z f (p/,/+1) x (:0/ X (f/ + I;/+1) + p/CD/ x (TW + r/+1¢/+1)) (28)
=1
~[1-U,( 01+ P2 | -2com)] xW( 3 - p, ]} 2

Here M, is the mass of a nucleon amd, = M,/v1-v?/c® is the mass of the nucleon's inerton
cloud. In the polar frame of referenge is the distance to theth nucleon reckoned from the center
of inertia of the deuteron that is considered i filat model, ®, is the azimuth of the th nucleon;
b, and p®, are components of appropriate nucleon velocigésilarly, r,, r,¢, f, andr,g are

corresponding variables of the inerton cloud acammg the/th nucleon. n/T is the cyclic
frequency of collisions of the nucleon with its ritea cloud or with the partner's inerton cloud. The
function f(p,) correlates the behavior of thieh nucleon due to the intervention of the inerttoud

of the other nucleon. Terms like this oneg,(f, +1,,;), mean that thesth nucleon interacts

simultaneously with its own inerton cloud (emite ttth cloud) and with the inerton cloud of the other
nucleon (absorbs th¢ +1) th cloud). The last term under the radical sigrthie Lagrangian (28)
represents the interaction induced between twoeonsl where their deformation coats overlap;
W(| o, — p,.1]) is the potential well that is formed at the ovppimg, which is put constant below,

and U, (x) is the step function,(x)= & x<0 andU,(x)= 1 if x>0. Note that the expression

under the radical sign in the Lagrangian (28) isaétp v1-0v?/c? (Krasnoholovets, 1997).

The equations of motion obtained from Euler-Lageeguations based on the Lagrangian (28)
are too difficult. That is why let us introduce tf@lowing canonical variables, which can faciléat
our consideration in many aspects:

y M
— m
Qll_r/@ T oT m_zp/q)/r

— o | Mg
QZ/_I’/+1¢/ o7 m—D,O,CD,,

= (29)
Oy =T, _% m—zp,CD,,
Az :r/+1 _2_717- m_zp/q)/'
The transition to new variables (29) changes ttgrdmgian (28) to the canonical form
2 2 -2 2 2 242 242
L= -2Moc2{1-— L [MOZ(p, ~aP(0) 02+ oY (0292 - (0,) 02 2)
° =1 /=1
, ENCY
+ %Z(jS + Q22/ + qf/ + qg,)—W X [1_U+(| P11 P> I _ZACom)]}}
=1
where
m
w(p) =57 f(o,) 31

is the effective frequency. Euler-Lagrange equatigat from the Lagrangian (30) for variables
and @, are
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. w
B +alp, +, a—p’p,z =0, 23

!

&, +a?d, = 0. 33)
If we choose the interaction parameter in the form
fp)=1(p, 1) =1 (34)
we obtain instead of Eq. (32) the equation
p+ehp, =0 (35)

wherea,=2n/T .

The choice of the parametgr, in form (34) allows the harmonic solution to edoas (35) and
(33),

p1= (DT pg sin(egt), £ =(-D)"™ p, cos@yt + ); (36)
o, = ()T @y sinw,t),  ®, =(-D) T D, cos,t + @). (37)

The notation[t/T] in expressions (36) and (37) means an integralgbahe integert/T .

Solutions (36) and (37) show that nucleons in theteron oscillate along the polar axis and also
undergo rotational oscillations. In other word® tiucleons execute radial and rotationally osoitiat
motions.

In expression (36)o, means the maximum removal of the nucleon fromctir@er of inertia of

the deuteron. In other words, the amplitugg can be associated with the actual radius of the
deuteron. If we suppose that nucleons are quasidtehe distance ob, in the first approximation

we can prescribe the frequentyT to the frequency of collisions of a free nucleaithvits inerton
cloud. Note that in this event the de Broglie wawneth of the nucleon, the said frequency and the
nucleon velocity are linked by the relatioh=vT. The value of radiusp, can be deduced by

recognizing that27np0,=A4 .Since the de Broglie wavelength calculated abowees out to
A0179x10" m, we gain p,=A/2m0285x10 " m that is in excess of the radius of the

deformation coaR, = 132x10°m as it must be for the deuteron.
The calculated value for the radius of deuteron

Ry = P, = 285x10° m (38)

is very close to the estimated effective radius @bupled neutron-proton system in the singleestat
i.e. the deuteron singlet statR;, = (2.77+ 005) x107® m (Sytenko and Tartakovsky, 2002; p. 22). In
the framework of hadronic mechanics (Santilli, 1,999 174) estimates the value of the deuteron
radius asRy = 141x10° m.

The complete stability of the deuteron depends anyntonsistent factors; in particular, the spin
factor should also be taken into account. As hesntty been shown (Krasnoholovets, 2000b, 2002a),
the particle’s spin introduces an additional kioethergy in the quantum system studied. The notion
of spin determined in the phase space is compatifitte the proper asymmetric pulsation of the
particle in the real space, which happens forwarbazkwards (the respective spin projectionZ,

or -%) relative to the particle vector velocity (Kraswoddvets, 2000b) (see also Bounias and
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Krasnoholovets, 2003b). Therefore the stable trigtiate that is realized in the deuteron shouldymp
that the correction to the kinetic energy of thelaans on the side of spin increases their totaign
during collisions inside the deuteron (hence thgraagians (28) and (30) should be complemented by
additional terms). The increase in energy helpmth®ve closer to one another, which in turn should
strengthen the overlapping of the nucleons’ deftionacoats, i.e. this will enhance the attractidn o
the nucleons.

Since we touch upon the problem of the spin, tHeviang points need to be made. It is generally
recognized that nuclear forces depend on spirhdrcase of the nucleon, spin-1/2 should correspond
to the nucleon’s proper pulsations, as in the e@tfe a canonical particle (Krasnoholovets, 2000b).
Namely, anisotropic pulsations of the nuclear c@wéh radius R, , which represents a hard ball

holding quarks, should be associated with spinef/the nucleon. The nucleon’s cloud of inertons
transports all the properties of the core. Theesfarertons, oscillating around the moving nucleons
should carry fragments of the core pulsations,the.nucleon core emitting inertons along a section
Al2 passes fragments of its anisotropy to inertons gradually loses the anisotropy deformation
(spin). During the next sectioml /2 the nucleon core absorbs inertons, which givesk bihe
anisotropy pulsation to the core, and so on. Se, itferton cloud also transports, among other
properties of the nucleon core, its spin polar@atiOwing to the nucleon-nucleon interaction, which
occurs by means of the nucleons’ inertons, the spmponent should also be imposed upon nuclear
forces (in particular, at scattering of neutronstpns by molecular compounds, especially those,
which include molecular or atomic hydrogen).

In the limiting case of zero energy of the relatmetion of neutron and proton the cross-section
for their scatteringo is defined by the value of the binding energy etitgron AE = 222 MeV.
Since the actual size of a moving nucleon lieh&range of the deformation coRf, and the radius

of the inerton cloud R=4JA?-4% the value of o should satisfy the inequality
ﬂRg < (7<’—27(/\2 - A?). The effective value otr can be deduced from the scheme shown in Figure 1.
Indeed, the cloud of inertons spreads.bralong the nucleon path and on the distancévéi\2 -2

around the nucleon in the transverse directions.cFbss-section of such a spindle-shaped body is

A= 2% = 232x10°% e

)
1
IN]

(we use here numerical values of the correspongiigmeters calculated abové:1179x10™m

and A 026x10%m). This estimate has been obtained under the gsEwmthat nucleons are
scattered across the space. The estimate correlaiésvith the experimental value of the cross-

SECHioN T, peim = 205%1072" m? (Sytenko and Tartakovsky, 2002; p. 16).

5.NUCLEUSASA CLUSTER OF NUCLEONS

Since nuclei consist of protons and neutrons, dukh be the reason for such a combination of
nucleons. Let us consider the nucleus stabilitgaaang from the statistical description of the epst
of a great quantity of interacting protons and rens.

An interesting approach to the statistical desitnipbf the system of interacting particles, which
makes allowance for spatial nonhomogeneous stdtgmarticles in the system studied, was first
proposed by (Belotsky and Lev, 1984). Howeverh#é inverse operator of the interaction energy
cannot be determined, a different method shouldafygied. It will make it possible to take into
account a possible nonhomogeneous particle disisibuln paper (Krasnoholovets and Lev, 2003)
systems of interacting particles were treated ftbensame standpoint. Nevertheless, the number of
variables describing the systems in question wdsced because of introducing a new canonical
variable into equations of equilibrium, which chamized a nascent nonhomogeneous state (i.e. a
cluster). So the nonhomogeneous state automatiaadlse as the logical consequence of the behavior
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of particles. It should be noted that the majorytiacity of the said approach is that the pair ptite
has been broken into two components, namely, tipeoaph allows the isolation of attractive and
repulsive components with the further study of agilwe equilibrium nonhomogeneous state of
particles.

Before applying the aforementioned statistical apph, we shall first clarify the structure (or
nature) of the pair potential, which acts betweecleons, and then subdivide the potential into
attractive and repulsive components.

5.1. Hamiltonian of Two Kinds of Interacting Particles
We shall start from the construction of the Harmigm for a system of two kinds of interacting

particles, namely, neutrons and protons. Let gadijci.e. nucleons, form a 3D lattice and let
n={0, 1} be the filling number of theth lattice knot. The energy for such a system cawitten in

the form (Khachaturian, 1974)
H =Zunn(r, r %(r)cn(r')+22unp(r, r’)cn(r)cp(r')+2upp(r, r') c,(r)c,(r') (39)

where v; ; is the interaction potential of nucleons of twads, i, j =n, p (n stands the neutron and

p stands for the proton). They occupy knots ind'sinattice described by the radius vectond r’
and ¢, (r) ={0, 1} are the random functions, which satisfy condition

C(r)+c(r) =1 (40)

The Hamiltonian (39) can be written as follows

H=Ho+32 0, r)c, (e, () (41)
where

Ho =;Z[l-20n(r)]zupp(r, r’)+ZCn(r)ZUpn(r, ), (42)

O, 1) =0 (r, 1) +0p,(r, 1) =20, (1, 1), (43)

Let us rewrite the Hamiltonian (41) in the form

H =Ho—%ZV”,c(r)c(r’)+%ZUrr,c(r)c(r') (44)

where the index p is omitted at the functiofn and the following designations are introduced:

Vrr’ :Upn(rr I"), (45)
Urr' :%[Unn(rr r’) +Upp(rl I”)]. (46)

If the potentialsV,,.,U,,. >0, the second term in the right-hand side of the Htamian (42)

corresponds to the effective attraction (45) aredttird term conforms to the effective repulsiof)(4
This allows one to represent the Hamiltonian (42dhie form that is typical for the model of ordered
particles, which is characterized by a certain momorder parameter,
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H(N) =Y Ens—3> Vnng +33>°U onng. 47)
s s,s' s,s'

Here E is the additive part of the particle energy (tiveekic energy) in theth state. The main point

of our approach is the initial separation of th@altaucleon potential into two terms: the repulséoml
attraction components. So, in the Hamiltonian #g) potentialV,, represents the paired energy of

attraction and the potentiél ; is the paired energy of repulsion. The potenti@k® into account the
effective paired interaction between nucleons ledan statess and s. The filling numbersng can

run only two meanings: 1 (the sth knot is occupiethe model lattice studied) or O (thé knot is not
occupied in the model lattice studied). The sigefote positive functions/y and Uy in the

Hamiltonian (47) directly specify proper signs tifaction (minus) and repulsion (plus).

5.2. Statistical Mechanical Approach

The statistical sum of the system under considerati

Z =Y exd-H(n)/ks0) (48)
{n}

can be presented in the field form
Z= J.D(U _[ Dl//ZeXF{‘ z Esns +Z(l//s+ [ ¢25) ns ‘%Z(\/Qlﬂslﬂs +J;§ %%):l (49)
—o0 —o0 {n} s s s, S

due to the following representation known from theory of Gauss integrals

ex;{g > W ng ns,] =Re j Dy ex;{ BY noxs -1 W2 x, )(S,], (50)
s, s -0 s s, S

nglws s = Jss’

where Dy = |‘|S,Idet||Wssr [| 277d x, implies the functional integration with respectthe field y,

B%=+1 in relation to the sign of interaction (+1 for ratttion and -1 for repulsion). The
dimensionless energy paramet&@ =V« kg0, Jss, =U/ks® and Es =E,/kg®,whereO is

the absolute temperature, are introduced into ege (48). Passing to the canonical ensembhé of
particles and summing over, (note )" _n; =N ), we will get instead of (49) for the case of Fermi

statistics (Krasnoholovets and Lev, 2003)
1
Z=Re—|Dg@| Dy ¢dzexpS(g,y, z 51
5~ [Do[Dyfdzexis(ny, 2)] (51)

where

S= Z{-%Z@Q%@ NTEPWAR In| 1+%exp(— E.+y,)cosp } +(N-D)Inz (52)
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Let us setz=¢+i¢ and consider the actidBon the transit path passing through the saddle-
point with a fixed imaginable variablém z=¢,. In this case, it stands to reason that the acjon
similarly to quantum field theory, is the variat@riunctional that depends on three variables, fgme
fields ¢, and ¢, and the fugacityé =exp(-u/ks© )where u is the chemical potential. The
extremum of the functional must be realized at tswhs of the equation®S/d¢g, =0, 6S/d¢g, =0
and 6S/d¢ = 0. These equations appear as follows:

ZUN’lr @ =- Zexp(— EE +1,l/s)sin(0S (53)
s = {_exp(_Es +ws)cos¢s,
ZV_%W o 2ex;{— ES + (//s)cosqtg (54)

T 777 §-explE+y)cosp
z eXF(_ ES~+ ‘//s)cos% = N _l . (55)

s Qt - eXp(_Es + ws) cosg,

If we introduce denotation
A= exr(— ES~+ (ﬂs)cosqpS (56)

° {_exp(_Es +l//s) COSg, ’

we will see from Egs. (53)-(55) that the SUESAS+1 is exactly equal to the total number of
particlesN in the system studied, i.e.

> A=N-1 (57)

So it follows from Eg. (53)-(55) that the paramet®r, which combines variableg,, ¢, and

£, is a typical variable that characterizes the numolb@articles contained in thsth cluster.
The action (52) can be rewritten in terms of vadabA, and & as follows (Krasnoholovets and
Lev, 2003):

S= ‘%ZVSS'AS'AS +> In| A +1|+(N —1)In{—%ZU «
s,s s s,s'
1/2
x {f -2 exr{— 2By +2> V¢ AS"] x (A +1)% - Aﬁ.} (58)
7
1/2
X{E’z exr{—ZEs +2> Vo Asn]x (A + 12 - Aﬁ} .
o
We can simplify our consideration if we deem thihinacleons are distributed by clusters and
each cluster includes the same numief nucleons. This changes Eq. (55) to the follgwin

AK =N -1 (59)

where the combined variabfenow represents a number of nucleons in one clostidre system ol
nucleons. Now we can pass to continual variablastime action (58). Assuming that the density of

particles is different from zero only in the clustslume V = 4g°A/3 whereg is the distance

between nucleons in a cluster (i.e. the latticestamt) and thereforg A2 is the radius of the cluster,
we can strongly facilitate the form of the acti&®) (Krasnoholovets and Lev, 2003)
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S:%K x{(a—b) A2 —%eprbA) x(At+1)? - In(A+1)} +(N-2Iné (60)

where the following functions are introduced:

A1/3~

a=3 [U(g9x°dx, (61)
1
A1/3~

b=3 IV(gx)xzdx (62)
1

(recall that tilde over the symbols means dividigrthe factork;© Here, in expression (60), we have

substituted the functiod exp(—ZE) for the mean number of Fermiors) in one-particle state,
ie.

& 2 exp(-2E) = exp(-2E + 1) = (L-(n) /(n);

besides, we have introduced the dimensionlesshtariainder integrals in expressions (61) and (62).

5.3. Realistic Potentials

Nucleons fill shells in a nucleus and move in theddf of the same potential. The potential shape is
formed in a range of the space that features aitianll deformation of superparticles, i.e. the
attraction, owing to i) the overlapping of deforipat coats of nucleons and ii) the overlapping of
inerton clouds of nucleons, which carry the spagfomination, i.e. mass, as well. It is evident tinat
the field of the potential nucleons move along rth@ioper trajectories and each of the nucleons
possesses its own energy, the moment of momentdnsgn. If we project such a dynamic behavior
of nucleons on a model lattice, we arrive at thiggpa in which each nucleon occupies its own knot.
Let us leave room for the interaction between rarddocated in the said knots.

Although the mass distribution in the inerton cloofda nucleon is governed by law (23), the
paired interaction on the scale<A can be simulated according to harmonic law (se® al
Krasnoholovets (2002b)): Nucleons having the saneegy and momentum shall behavior like elastic
balls. In other words, nucleons’ inerton cloudd wiastically interact each other in the range<A .
Therefore, we can reason that in the model latifce system of the huge numkérof nucleons the
attraction between nucleons, associated with teespeformation of the kinds i) and ii) mentioned
above, can be presented in the form of two terms\aty

Y =—hwlﬁ+%yr2 (63)
RO

where %, is the total energy of nucleon (1%);is the difference between positions of a pair of

nucleons in the lattice studied anpdis the elasticity/force constant. Such harmoniteptal is often

employed in nuclear physics, though so far itsiorigas remained complete unclear. The potential
(63) should be identified with the effective attrae potential (45), which enters in the functibn
(62).

The electromagnetic interaction, i.e. repulsionjolvhhappens between protons, is realized via
protons’ deformation coats. According our resuligagnoholovets, 2002c¢, 2003b; Bounias and
Krasnoholovets, 2003b,c) the electromagnetic mdsion, which is a peculiar surface fractality of
cells of the tessellattice, is imposed upon thesnagegormation (i.e. the volume fractality changeaof
cell) that places the leading role in the deforprabf the space. Therefore we shall preserve [8) (2
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for the description of the charge drop in the gatd nucleon’s coat with distance. If we denote the
repulsion between protons associated with theatedmagnetic interaction as

1 é
Uel.-magn.:FgoT’ (64)
we can rewrite the potential of effective repulsi¢é) as follow

2
U =1 -nw 2R 2pr2 4| -pep, 2R L&) (65)

R, R, 47&, r

Calculating functions (61) andb (62) we get instead of action (60)
2 p2/3 2 p5/3
SOLK SCATT _BVOAT w2 Al co@-m) + (N-1)Iné (66)
16776,0kg®  20kg®

where the functionO(L-(n)) denotes small terms, which can be neglected owonthe strong
degeneration of nucleons, i.e. due to the inequalkt(n) << 1.
The minimum of action (66) is reached at the sofutdf the equationdS/0A=0(if the

inequality 92S/d A? >0 holds). With the approximatiod >>1 the corresponding solution is

5 e2 - E e2lonucl

A= =
gy g® 3 &Y

(67)

where p,,q is the density of the nuclear matter; below we ggi, = 168x10* m. This solution

shows that the number of nucledhén a nucleus is set for a given number of chamedons whose
repulsion is balanced out by the mean inerton faéldll theA nucleons.

A solution similar to the result (67) has been otgd in our paper (Krasnoholovets and Lev,
2003) with the use of the Yukawa potential. Howewbe result obtained there is rather formal,
though it has taken into account the deviation e potential from the pure Coulomb law, as
expression (23) prescribes.

5.4. Nuclear Instability

In Table 1 based on result (67) some major parasetea nucleus witlh nucleons are presented.
The valuefia represents the difference between equidistanidesfeenergy in the solution of the
corresponding oscillatory problem. We see from thigle below that, withA increasing it is the
elasticity constanty of the inerton field that mostly changes, whichtimn leads to a dramatic
decrease inia. In fact, whenfia falls to the critical value 0.75 MeV, which corpesids to the
Coulomb repulsion between protons, the clustertfie nucleus) begins to decompose.
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Tablel. Estimation of some parameters.

A y w= /V/Mo ha A R:ROA1/3 R/ A
[N/m] [s] [MeV] [m] [m]

50 | 162x10%® 31x10% 2.05 19 x 10 442x10% | 0.23
100 81x10%° 246x10% 1.45 224x10714 557x107%% | 0.25
200 | 405x10%° 155x10% 1.42 267x107 701x10%® | 0.26
250 | 324x10% 139x10% 0.42 283x107 756x10™° | 0.27

In the model considered above the percent compaosdf protons and neutrons has not been
taken into account and quantities of protons androas have rather been the same. It is obvious tha
the increase in protons should make softer theieitgsof the inerton field, which, therefore, will
decrease to a critical valug, with further decay of the nucleus. At the sameetiin the case when

the quantity of neutrons significantly prevailsttbéprotons, we cannot expect of the cluster syt
i.e. a mixture of nucleons will be unable to formeight nuclei. Of course, taking into account other
factors should correct result (67). First of alistlis the spin interaction between nucleons, Fermi
particles, which should induce some additionaléase in the energy of the systemNohucleons.
Nevertheless, the quantitative pattern of the mesdor the restriction on the weight of nuclei as a
function of A has became evident.

6. CONCLUDING REMARKS

In the present work, starting from first principle$ the constitution of the real space we have
examined in depth founding physical conditions tfee occurrence of nuclear forces in a system of
interacting nucleons. It has been argued that angmical particle representing a local deformatbn
the space is surrounded by its own deformation. dd& size of the deformation coat, or crystalige,
identified with the Compton wavelength of the paej A, =h/Mc. And it is this sized.,, that

characterizes the effective radius of nuclear fordédne overlapping of deformation coats of nucleons
results in the induction of some additional defatiorain the space between nucleons, which in an
abstract (energy or phase) space is treated asdietion of the so-called potential well.

Due to the interaction of a moving particle withetlspace tessellattice, a cloud of spatial
excitations called “inertons” (Krasnoholovets andgarovsky, 1993; Krasnoholovets, 1997) is
accompanied the particle. The same takes plackeircase of a moving nucleon when its inertons
cloud representing a substructure of the nucleord@iter waves extends for a distaneé\ from the
nucleon. These standing inerton waves, oscillatiitg the velocity approaching the velocity of light
¢, induce a massive (or deformation, or gravitatipdgnamic potential around the particle. In other
words, inertons are quasi-particles that form tékef of the particle massive potential, which is
treated as static. So inertons alone are respen$iblthe direct interaction between particles and
hence they are those quasi-particles that enswe-iginge action and reject action at-a-distance
forces from quantum systems. The particle’s inedond determines the range (see expression (2)) of
application of the wavey - function formalism employed in orthodox quantum heetcs. Besides,

the availability of the particle’s inerton cloudpports the formalism of hadronic mechanics develope
by Santilli and others (Santilli, 1999, 2001) femosigly interacting particles: From the submicrqsico
viewpoint, the unification of the kinetic and pdtiah parts of the energy means the presence of a
dynamic field that unifies interacting particles.id the inerton field that is capable to ensurehsu
unification (see, e.g. the structure of the Lagram@28)).

Additional characteristics of particles such as #fectromagnetic polarization and spin, which
have respective been clarified by (Krasnoholove@)3b, 2000b), are imposed upon the particle’s
structure introducing new properties that manifisgmselves when the particle interacts with its
inerton cloud and other particles.
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The above-listed results have allowed us to ingagti the major reasons for the instability of
weight nuclei. The study has shown that the nunaferucleonsA that enter into a cluster, i.e. the
nucleus, is defined by condition (67). This cordditiinks the value oA to the elasticity constant of
the inerton fieldy in the nucleon, the nuclear densipy,,,, and the elementary electric chaeef

the proton. The solution (67) depicts that the eadfi A is inversely proportional to the elasticity
constanty of the inerton field in a nucleus: an increaséirequires a decrease jn approaching it

to the critical valuey, such that aty <y, the inerton field is incapable of holding nucledanghe

cluster, i.e. nucleus, state.

Trying to account for the reasons for nuclear feraee have analyzed major views available in
the literature including QCD, quantum field thesri@adronic mechanics, and the Vedic literature as
well. In the epigraph we have quoted the verse fibeRigvedd, which may seem inappropriate, but
only at a first glance. Owing to the recent decgdiRoy, 1999), it now becomes clear that this is a
handbook about the constitution of the real sppadicle physics and cosmology. TheRigvedathe
nucleus was encoded under the name of Sage Vasistleay respected personage of ancient Vedic
and post-Vedic manuscripts (“Vasistha” is trangld€tem Sanskrit asich, a rich mar. Among other
decodings, we would like to cite the following iastes: GodSavis, God Varuna, God Mitra, God
Aryama and God Rudra who were interpreted as the creatimihilation energy, the electron, the

proton, the neutron and radiation, respectivelysi@es, we should note that the three steps of God
Vishnu (the universe) have been explained by Rothaspace web, which consists of 1) indivisible

cells, 2) their interface and 3) the observer spaeethe aggregation of cells. This decoded Vedic
pattern exactly agrees with our theory of the spalce described above.

Thus the knowledge base of the ancients was ireatglyf deep and we would go ahead keeping in
mind their profound views on the surrounding wofllitlis can help to answer questions that challenge
numerous investigators dealing with nuclear trartatians that are fixed at low energy reactions
today. Sage Vasistha be praised!
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