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Annotation

After the discovery of the proton-neutron composition of nuclei, the problem of nuclear forces nature became especially urgent.
Nowadays, nuclear forces are explained by the action of a special strong interaction that occurs when nuclear nucleons exchange
special particles - gluons. This article proves that the attraction between protons and neutrons can be explained by the well-known
quantum mechanical effect, which was first described about a hundred years ago. This is the attraction between two protons
that occurs when they are exchanged by electron (in this case relativistic). This makes it possible, abandoning the gluon model,
to obtain quantitative estimates of the magnitude of the mass defect of both light and heavy nuclei.
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1. Introduction

British scientist William Gilbert formulated about 400 years ago
a postulate that can be considered the main postulate of the nat-
ural sciences [1]. According to Gilbert, all theoretical construc-
tions claiming to be scientific should be tested and confirmed
experimentally.

Despite the fact that nowadays it is apparently impossible to find
a researcher who would disagree with this statement, a number
of modern physical theories do not satisfy this principle [2].

In the physics of the microcosm, this refers to those theories
from which it is impossible to calculate the main characteristic
parameters of the objects under study. These include existing
models of nuclear physics, which do not make it possible to cal-
culate the masses of atomic nuclei.

An alternative approach to solving this problem is discussed be-
low.

This new approach to the problem of the nature of strong inter-
action is based on the effect of attraction described by the clas-
sics of quantum mechanics almost a hundred years ago. This at-
traction occurs between protons during the exchange of electron
[3]. To describe the attraction of nuclear objects, it is necessary
to take into account that electrons in this case must be relativistic
[4, 5].

In this case, neutron is considered as a composite particle con-
sisting of proton and relativistic electron, which makes it possi-
ble to fairly accurately estimate the mass of neutron, its magnet-
ic moment and decay energy.

What are the features of the forces acting between nucleons in-
side nuclei?

The enormous binding energy of nucleons indicates that these
inter-nucleon forces are created by a very intense interaction.
This interaction has the character of attraction if the nucleons are
at short distances from each other, despite the strong electrostat-
ic repulsion between the protons.

Nuclear forces are short-acting - at distances between nucleons
exceeding about 2 ¢ 10" cm, their action is no longer detectable.
At distances less than 10-3 ¢cm, the attraction of nucleons is re-
placed by repulsion.

The intra-nuclear interaction is not Coulomb, it does not depend
on the charge of the nucleons.

The nuclear forces depend on the mutual orientation of spins of
interacting nucleons. For example, neutron and proton are held
together to form deuteron only when their spins are parallel to
each other.

Nuclear forces have a saturation property (which means that
each nucleon in the nucleus interacts with a limited number of
nucleons). This property follows from the fact that the binding
energy per nucleon is approximately the same for all nuclei,
starting from * He. In addition, the saturation of nuclear forces is
also indicated by the proportionality of the volume of the nucle-
us to the number of nucleons forming it.
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Figure 1: The binding energy per one nucleon of the nucleus.

The dependence of the binding energy (in MeV) per nucleon on
the mass number of the nucleus is shown in Figure (1).

From this figure it can be seen that there are two different mecha-
nisms that determine the nuclear forces in light and heavy nuclei
differently.

In solving these problems, the first important step is to build a
neutron model that makes it possible to predict its main observ-
able properties.

2. Electromagnetic Model of Neutron

2.1 Neutron and the Quark Model

There are several theoretical constructions of the twentieth cen-
tury that need to be revised due to their incompleteness or dis-
agreement with the measurement data [2]. Apparently, the quark
model of elementary particles can be replaced by a description
of their excited states [6].

The formation of the quark model in the chain of the science
of the structure of matter seems to be quite consistent: all sub-
stances consist of molecules and atoms. The central elements of
atoms are nuclei. Nuclei consist of protons and neutrons, which
in turn consist of quarks.

The quark model assumes that almost all elementary particles
consist of quarks. The quark structure of nucleons is of particular
interest in this case.

It seems that experts in elementary particle physics initially pro-
ceeded from the assumption that at the creation of the world,
suitable parameters were individually selected for each elemen-
tary particle: charge, spin, mass, magnetic moment, etc.

Gell-Mann simplified this work somewhat. He developed a rule
according to which a set of quarks determines the total charge
and spin of the former elementary particle. But masses and mag-
netic moments of these particles do not fall under this rule.

The Gell-Mann quark model assumes that quarks, which make

up all elementary particles (with the exception of the lightest),
must have a fractional (equal to 1/3 e or 2/3 e) electric charge.

In the 60s, after the formulation of this model, many experiment-
ers tried to find particles with a fractional charge. But without
success.

In order to explain this, it was assumed that quarks are charac-
terized by a confinement, i.e. a property that prohibits them from
somehow manifesting themselves in a free state. At the same
time, it is clear that confinement removes quarks from subordi-
nation to the Gilbert principle. In this form, the model of quarks
with fractional charges claims to be scientific without confirma-
tion by measurement data.

It should be noted that the quark model successfully describes
some experiments on the scattering of particles at high energies,
for example, the formation of jets or the feature of scattering
of high-energy particles without destruction. However, this does
not seem to be enough to recognize the real existence of quarks
with a fractional charge.

In the 30s of the last century, theoretical physicists, due to the
lack of necessary experimental data, formed the opinion that
neutrons, like protons, are elementary particles [7]. In the Gell-
Mann quark model, the neutron is also assumed to be an ele-
mentary particle in the sense that it consists of a different set of
quarks than proton.

However, the fact that neutron is an unstable particle and decays
into proton and electron (+ antineutrino) gives reason to attribute
it to non-elementary composite particles.

The quark model does not aim to predict the basic properties of
neutron, such as its mass, magnetic moment and decay energy.
The electromagnetic model of neutron makes it possible to suc-
cessfully evaluate these parameters [4].

Suppose that neutron, as well as a Bohr hydrogen atom, consists
of proton around which electron rotates at a very small distance
from it. Near proton, the electron's motion must be relativistic.

Figure 2: A system consisting of a proton and a heavy (relativis-
tic) electron, revolving around a common center of mass.
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2.2 The Interaction of Relativistic Electron with Proton
Consider a composite particle in which an electron having a rest
mass me and a charge me is moving around a proton in a circle
of radius Re with a speed v, — ¢ (Figure (2)).

Since we initially assume that the motion of the electron is likely
to be relativistic, it is necessary to take into account the relativ-
istic effect of the growth of its mass:

*
mey = YMe,

M

Where the relativistic factor
1

V= i )

and f=v/c.

The rotation of the heavy electron m * does not allow to con-
sider the proton as at rest. The proton will also move, revolving
around the center of mass common with the heavy electron.

Let's introduce a parameter characterizing the ratio of the mass
of a relativistic electron to the mass of proton:

YMme

V=
My/\J1 =53

(€))

It follows from the condition of equality of momenta that
ﬁp = 9 therefore the radii of the orbits of the electron and proton
can be written as:

“

Where R, =R +R
The relat1v1st1c factor characterizing the electron in this case is
equal to

_ 19 Mp
7 VI=92 me

2.2.1 Larmor's Theorem

To describe the characteristic feature of proton motion along a
circle of radius Rp, we can use Larmor's theorem [8]. According
to this theorem, in a reference frame rotating with proton at a
frequency of Q, a magnetic field is applied to it. This field is
determined by its gyromagnetic ratio

£ ©)
2Mpc

%

Hp =

Where § =2.79 is the magnetic moment of the proton in units of
Bohr magnetons.

As a result of the action of this field, the proton magnetic mo-
ment turns out to be oriented perpendicular to the plane of rota-
tion. In other words, we can say that due to the interaction with
this field, the rotation of the electron should occur in the plane of
the "equator" of proton.

2.2.2 Quantization of Equilibrium Orbit
It can be assumed that, as in the formation of a stable orbit in a
hydrogen atom, the orbit of a relativistic electron will be stable

if an integer number of de Broglie wavelengths X , fits on the

circumference of the electron ring 21, , that is:
27TR€ = n)\dB. (7)

Where n is integer number
And

®)

That is, in accordance with this assumption, the stability condi-
tion of the electronic orbit takes the form:

re 0 M, ~

R n/l—2me n ©)

Where e = 7,

2.2.3 The Kinetic Energy of Rotating Electron
The kinetic energy of a relativistic electron is expressed by the

equality: g = (y—1)-me 2 (10)

Due to the assumption of the electron to be ultrarelativistic
Efin ~ 7 - mcc

In this case, the centrifugal force acts on the electron:

2

Wne
]:l _'yme[ [ Re } - (12)
The kinetic energy of proton 119 equal t
P
kzn_( 1_192 O) MC (13)

An additional contribution to the kinetic energy of electron cre-
ates a magnetic field that occurs when it rotates. The energy of
this field is equal to oI

o= oF
* 7 90

(14)

Due to the fact that the electron motion in the orbit is quantized,
the magnetic flux penetrating the ring of radius R must be equal
to the quantum of the magnetic flux @;:

O — By — 27rhc' (15)

Since the current in the electronic ring

ec
I=—
2R, (16)
we have

21 1

Ep, = ol = —ym (17)

¢ R.2a R, 2n

The force arising at the same time, tending to break the current
ring, turns out to be equal

(18)
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The magnetic energy created by the rotation of a proton is much
less:

\/5‘192 2
&bp = ﬁ . Mpc . (19)

The force corresponding to this energy is applied to proton and
does not directly affect the electron equilibrium orbit.

Thus, the total kinetic energy of the electron, taking into account
the energy of the magnetic field that it creates when rotating:

1
gkzzn = glizn + g‘I’e = (1 + 2n> 'Ymecz-

(20)
2.2.4 The Coulomb interaction in the system of relativ-
istic electron + proton

The energy of Coulomb attraction between a proton and a rela-
tivistic electron is [8], §24:

g o 62 _ QaTe mcg
CT TR, T TR.(+0)

ey

Where a = e*/c is the fine structure constant.

Therefore, the Coulomb attraction force acting between these
particles is equal to

e? « Te MeC?

TR, T 71+ 0)°R. R,

F3 = (22)

2.2.5 Interaction of Electron with Magnetic Field of
Proton

In the present case a proton possesses two magnetic moments.
This is its own internal magnetic moment:

_ &eh
Hp = 2M,c

(23)

and the orbital magnetic moment which occurs due to the fact
that proton rotates in an orbit of radius R :
eVR,

2

Hop = (24)

Therefore, the energy of interaction of rotating electron with the
proton magnetic field consists from two components:

&= % (/‘OP - Np) : (25)

In order for the system energy to be less, the magnetic moments
up and pwOp must be oppositely directed.

The force that acts on the rotating electron can be written as:

Ho Hp
SR
R R

(26)

_ HOP _ N’P —

- (Rz R3(1 +ﬂ>3>
_ ’ymCCQ <192 & 9 > ) aMp.
Re 2”\/1 — '192 Me

2 (L+9)%2my1—0?

The magnetic moment of electron is not considered because, as
will be shown below, the generalized momentum (spin) of the
electron orbit is equal to zero and there is no direction for the
selected orientation of the electron magnetic moment in the sys-
tem.

2.2.6 Equilibrium Electron Orbit
The equilibrium condition for the electron orbit is:

27

At summing of Equation (12), Equation (22), Equation (18) and
Equation (26)
MeC? e2 oy MeC?

R. 'R, 2R,

Hop Hp
ol — e ( — ) = 0. (28)
R} R,

and after simplifying transformations taking into account Eq.(9)
we get:

1+

i B 9 alM,
2n nv 1-— 192 Me

[ 1 ¥? ¢ 9

(29)

(14 0)2 oo 2n(1 4 9)3 /1 — 2

2.3 The Basic State of Neutron

The basic state of this system with the minimal energy is realised
at n=1, that is, the length of the electron orbit is equal to the de
Broglie wavelength.

We need to find a solution of Equation (29) under this condition:

3 1 0? §y  me
2 aror T aaropa,| T G
As the result we have
9=0:1991 G
and
R,=1.03 « 10" cm (32)

2.4 Equilibrium electron orbit. Approximate solution
The complex Equation (30) defining the parameter $ can be sim-
plified. Its decomposition gives an approximate expression

9y ~ 3T me

=~ 0.1985.
2 aM,

(33)

We can introduce the value of the new fundamental length R,
expressed in terms of the Compton radius 7, or the Bohr radius

ag:
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2

S =2.8183-10"%em  (34)

R, =ar. = olap =
mecC

The radius of the electron orbit is equal in order of magnitude to
the fundamental length R,:

V1—92m, R,
7 M, 8
This value is consistent with the estimate obtained earlier [4]:

h a —14
Re:fq/ =9.1-10
c\l 2m.M, am

2.4.1 Spin of Neutron

The total generalized electron momentum can be written as

=9.9-10""em. (35)

~
~

RQZTC

(36)

e
Soe = [Re Xy {mec — EAEH (37)
Or in the scalar form
S()e — ’}/meCRe (38)

1— 92

Substituting the values of 9 and Re calculated above into this
equality, we come to the conclusion that

N (39)

Oe

0

For this reason, the total spin of particles in question is 1/2 be-
cause it is created by the spin of proton.

The equality to zero of the spin of this electron ring plays an im-
portant role in the formation of the equilibrium state of system.
Due to the fact that S| = 0 the electron's own spin and its magnet-
ic moment are devoid of orientation direction in space and fall
out of the balance equations, and therefore out of consideration
in this problem altogether.

2.4.2 Mass of Neutron

The mass of a composite particle is determined by the sum of the
rest masses of the particles, their relativistic kinetic energy and
the mass defect arising from the potential energy of their internal
interaction. Calculate these contributions

Kinetic energy of electron and proton

3 ! &p Me Summin i = i
2 — ‘ g Equations (11),(13),(17) and (19) at n=1 we obtain
{2 m((lw) 2 +°‘7(1+19)2QMP>}
) 1 1— 2 1 9
in) = ——— — - . 40
E(kin) — 1+(m 1) 5 +<2+\/§19)] M,c (40)
Potential energy of electron and proton
Summing Equations (21) and (25) at n=1 we obtain
S (e 0 [ R
)= v 2 U arep wvioe) | \vime) e &)
The neutron mass
The total mass of proton and electron at taking in to account their energies:
E(kin E(pot
Mtotal:me+Mp+ ( ) ) - (p2 ) =
c c
=me + Mp+
0 1 1—92 1
e |1+ — 1) —— + 5+ V20| M,
Vi_ 02 (m ) 0 (2 )] : (42)
el 5 (- o) ()
me [1+9 2 (1+9)% 9y1T—02 VI—192 ?

The sum of kinetic and potential energy thus obtained must cor-
respond to the energy released during the decay of the particle.
For the neutron, this estimate is in qualitative agreement with
the measured data (Table 2.5.2).

2.4.3 The Neutron Magnetic Moment
The particle magnetic moment is the sum of the proton mag-

netic moment and magnetic moments of orbital currents of
electron and proton.

The total magnetic moment generated by of both circular
currents
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_eBeRe | efpR,  eRep (1 —192)

eRcp

Ho =

2 2 2 (1+9)

2

(1-9).

(43)

If to express this moment in the magnetons of Bohr i, we get

:&7_(1—192)\/1—192

f=10 = e (44)
At 3=0:1991 we have
§o ~ —4.7269 (45)
Summing it with the proton magnetic moment, we get
1 —92)V/1— 92
§total = —% +2.79| ~ —1.9341. (46)

It agrees well with the tabular value

fneutron = —1.91304273. (47)

2.5 The Excited States of Neutron
Just like the Bohr atom, a neutron, in addition to the ground
state, can have excited states with n> 1.

2.5.1 The excited state with n=2
Under this condition Equation (29) transforms to:

1+217‘(z¢1ﬂjazanﬂf> {<1+1ﬂ>2}+ “8)
2 3 - s o

2 2.2(1+0)° \/17192} =0
The solution to this equation is

9=0.236 (49)

Table 1: The comparison of calculated particle mass values with measurement Data

n e 2 Miotar | experimental | A = 7M”J’\’4:3ZC“’C
Eq.(42) data
n=1 | 702m, 700m. | 1839m, | My, = 1837m, 0.001
n=2 | 879m, T78m,. | 1938m, | Mpo = 2183m, 0.11
n=3 | 2103m. | 1740m. | 2200m, | Mso = 2335m, 0.06

Table 2: Comparison of calculated values of magnetic moments with measurement data

n %) 1o Wtotal experimental.
Eq.(44) | Eq.(46) data
n—1 101991 | -4.727 | -1. 9367 || pp, = —1.9130427 £ 0.0000005
n=2 | 0.263 | -3.4147 | -0.6247 o = —0.613 £ 0.004
n=3 | 0479 | -1.4121 | 1.3779 pso = 1.61£0.08
2.5.2 The excited state with n=3 neutron is not an elementary particle [5]. At that neutron is
At that the equation is unique object of microcosm. Its main peculiarity lies in the fact
that the proton and electron that compose it are related to each
1 U aM, 1 . o :
14— — 51— other by a (negative) binding energy. But the neutron mass is
2-3 3V =192 me (1+7) (50) greater than the sum of the rest masses of proton and electron
B 9 oM, 1972 B 13 9 _ despite the presence of a mass defect. This is because proton and
3V1— 92 me 2 2-3(1+9)3V1-02] electron, forming neutron, are relativistic and their masses are
much higher than their rest masses. In result the bound state of
and its solution is neutron disintegrates with the energy releasing.
9=0:479: (51) This structure of neutron must change our approach to the prob-

For comparison, the calculated and measured values of masses
and magnetic moments of neutron and its excited states are giv-
en in Table (2.5.2) and Table (2.5.2).

Based on this comparison, we conclude that neutral A- and X-
hyperons are excited states of neutron [6].

2.6 Discussion
The consent of estimates and measured data indicates that the

lem of nucleon-nucleon scattering. The nuclear part of an am-
plitude of the nucleon-nucleon scattering should be the same at
all cases, because in fact it is always proton-proton scattering
(the only difference is the presence or absence of the Coulomb
scattering). It creates the justification for hypothesis of charge
independence of the nucleon-nucleon interaction.

The above considered electromagnetic model of neuron is the
only theory that predicts the basic properties of the neutron. Ac-
cording to Gilbert's postulate, all other models (and in particular
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the quark model of neutron) that cannot describe properties of
neutron can be regarded as speculative and erroneous. The mea-
surement confirmation for the discussed above electromagnetic
model of neutron is the most important, required and completely
sufficient argument of its credibility.

Nevertheless, it is important for the understanding of the model
to use the standard theoretical apparatus at its construction. It
should be noted that for the scientists who are accustomed to the
language of relativistic quantum physics, the methodology used
for the above estimates does not contribute to the perception of
the results at a superficial glance. It is commonly thought that
for the reliability, a consideration of an affection of relativism
on the electron behavior in the Coulomb field should be carried
out within the Dirac theory. However, that is not necessary in the
case of calculating of the magnetic moment of the neutron and
its decay energy. In this case, all relativistic effects described by
the terms with coefficients (1- v*/c? )2 compensate each other
and completely fall out. The neutron considered in our model is
the quantum object. Its radius R is proportional to the Planck
constant /. But it cannot be considered as relativistic particle,
because coefficient (1- v?/c? )2 is not included in the definition
of R,. In the particular case of the calculation of the magnetic
moment of the neutron and the energy of its decay, it allows to
find an equilibrium of the system from the balance of forces, as
it can be made in the case of non-relativistic objects. The another
situation arises on the way of an evaluation of the neutron life-
time. A correct estimation of this time even in order of its value
do not obtained at that.

3. The One-Electron Bond between Two Protons and
the Simplest Molecule

3.1 The one-electron bond between two protons

Let us consider a quantum system consisting of two protons and
one electron. If protons are separated by a large distance, this
system consists of a hydrogen atom and the proton. If the hydro-
gen atom is at the origin, then the operator of energy and wave
function of the ground state have the form:

2 2
W _ M ge € _ 1 s
o™= 2m Vr r’ L (52)
If hydrogen is at point R, then respectively
O = g I =
2" R-7 T Vra (53)

In the assumption of fixed protons, the Hamiltonian of the total
system has the form:
h? e? e? e?
— Ly +Z
2m T |R - 7| R
At that if one proton removed on infinity, then the energy of the
system is equal to the energy of the ground state E, and the wave
function satisfies the stationary Schrodinger equation:

(34

H(()l’2)801,2 = FEyp1,2 (55)

We seek a zero-approximation solution in the form of a linear
combination of basis functions:

¥ = a1(t)p1 + az(t)p2 (56)
where coefficients a (1) and a,(?) are functions of time, and the
desired function satisfies to the energy-dependent Schrodinger
equation:

L d
zhdif = (H"? + Vi), (57)
where V|, is the Coulomb energy of the system in one of two

cases.

Hence, using the standard procedure of transformation, we ob-
tain the system of equations

Zh(ll + ZhSG,Q = EO{(]- + Yu)al + (S + Y12)CL2}
e (58)
zﬁSal + Zhag = Eo{(S + Yzl)al + (]. + }/22)(12},

where we have introduced the notation of the overlap integral of
the wave functions

S = [ 16adv = [ 36100 (59)
and notations of matrix elements
Y = Eio/ﬂvﬂbldv
Yio = EL/Wsz(bsz
0 (60)
Yor = ELO/@VNHCIU
Yoo = Eio/ﬁbsvﬂbzdv
Given the symmetry
Y =Y, Y,=Y,, (61)

after the adding and the subtracting of equations of the system
(58), we obtain the system of equations

Zh(]. -+ S)(a1 -+ ag) = a(a1 + CLQ)

. . (62)
th(1 — S) (a1 — az) = Bla; — ag)
Where
a= Eo{(l +8)+ Y +Y12}
(63)
B = Eo{(l = 8)+ Y — Y12}
As a result, we get two solutions
B .Ey (€1
a1 + as = Crexp (—zht) exp (—z%t)
(64)

B €
a; —as = Coexp (zhot) exp (fz%t>

Adv Theo Comp Phy, 2022

www.opastonline.com

Volume 5 | Issue 1 | 416



Where
Yi1 + Yo
€1 = Egi
(1+59) 65)
o —E Y1 — Yo
U9y
From here
1 . e e
a; = iefzwt . (efzﬁlt + efz%t)
1 . e e (66)
as = ie—zwt i (e—z%t _ e—z%t)
and
la|? = 1 1+ cos| L2
T h
1 - (67)
|ag|* = 3 (1 - cos(61 7 62t>)
As
Y, — SY;
€1 — €2 = 2E01275211
1-5 (68)
with the initial conditions
a(0=1 a,0)=0 (69)
and
C,=C=1 (70)
or
C=-C=1 (71)

we obtain the oscillating probability of placing of electron near
one or other proton:
la1]? = = (1 + coswt)
(72)

N = N =

las]? = = (1 — coswt)

Thus, electron jumps into degenerate system (hydrogen + pro-
ton) with frequency o from one proton to another.

In terms of energy, the frequency o corresponds to the energy of
the tunnel splitting arising due to electron jumping (Figure 3).

As a result, due to the electron exchange, the mutual attraction
arises between protons. It decreases their energy on

A= ho/2 (73)

The arising attraction between protons is a purely quantum ef-
fect, it does not exist in classical physics.

The tunnel splitting (and the energy of mutual attraction between
protons) depends on two parameters:

A=[E|. A, (74)
where E is energy of the unperturbed state of the system (ie, the
electron energy at its association with one of proton, when the
second proton removed on infinity),

and function of the mutual distance between the protons A.
This function according to Equation (68) has the form:

Yi2 — SV
A=—2 "2 75
=59 (75)
It expresses the dependence of the exchange energy on the dis-
tance between particles.

The graphic estimation of the exchange splitting A€ indicates
that this effect decreases exponentially with increasing a dis-
tance between the protons in full compliance with the laws of
the particles passing through the tunnel barrier.

3.2 The Molecular Hydrogen ion

The quantum-mechanical model of simplest molecule - the mo-
lecular hydrogen ion - was first formulated and solved by Walter
Heitler and Fritz London in 1927 [3].

At that, they calculate the Coulomb integral:

Y1 = [1 —(1+ m)e_Q’c] , (76)
the integral of exchange
Y12 = I:Zl'(l + x)efm] (77)

L)
Figure 3: The schematic representation of the potential well
with two symmetric states. In the ground state, electron can be
either in the right or in the left hole. In the unperturbed state, its
wave functions are either ¢, or ¢, with the energy E . The quan-

tum tunneling transition from one state to another leads to the
splitting of energy level and to the lowering of the sublevel on A.

and the overlap integral

2
S = <1+x+x>e_l.

3 (78)

Where x = R/a, is the dimensionless distance between the pro-
tons.
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The potential energy of hydrogen atom

62

Eo=——

P (79)

and with taking into account Equation (76)-Equation (78)

r(l1+x) — (1+x+ %) (1 — (1+x)e—2m)

Alx)=e"" P~
1—(l+a+%) e (30)
At varying the function A(x) we find that at
x=1.3 G1)
the energy of the system has a minimum
Ape13 ~ 0.43. (82)

As a result of permutations of these values we find that in this
minimum energy the mutual attraction of protons reaches a max-
imum value

Aoz = 9.3 10_1267’g. (83)

This result agrees with measurements of only the order of mag-
nitude. The measurements indicate that the equilibrium distance
between the protons in the molecular hydrogen ion x = 2 and its
breaking energy on proton and hydrogen atom is close to
4:3.10"% erg.

The remarkable manifestation of an attraction arising between
the nuclei at electron exchange is showing himself in the mo-
lecular ion of helium. The molecule H , does not exist. But a
neutral helium atom together with a singly ionized atom can
form a stable structure - the molecular ion. The above obtained
computational evaluation is in accordance with measurement as
for both - hydrogen atom and helium atom - the radius of s-shells
is equal to a,, the distance between the nuclei in the molecular
ion of helium, as in case of the hydrogen molecular ion, must be
near x = 2 and its breaking energy near 4.3.10"'2 erg.

In order to achieve a better agreement between calculated results
with measured data, researchers usually produce variation of the
Schrodinger equation in the additional parameter- the charge of
the electron cloud. At that, one can obtain the quite well consent
of the calculations with experiment. But that is beyond the scope
of our interest as we was needing the simple consideration of
the effect.

4. Deuteron and Other Light Nuclei

4.1 Deuteron

The electromagnetic model of neutron, discussed above, allows
us to take a fresh look at the mechanism of the neutron-proton
interaction. Neutron as proton surrounded by a electron cloud
and a free proton make up together an object similar to a molec-
ular hydrogen ion.

The difference is that in this case the electron is relativistic, and
the radius of its orbit is R=10"* cm (Equation (34)).

The electron energy in the composition of neutron in the undis-
turbed state was calculated earlier (Equation (20)):

Eo = Pymec? (84)

This function expresses the dependence of the exchange energy
on the distance between nucleon. According to Equation (82), it

has maximum
Amam = 043) (85)

at the dimensionless distance between protons x = R/Re = 1.3
(Equation (81)).

e @ ma-

Figure 4: Schematic representation of deuteron. The dotted line
schematically shows the possibility of a relativistic electron
jumping from one proton to another.

The values of the binding energy between nucleons are usually
expressed in terms of the magnitude of the mass defect in atomic
units of mass, having the international designation u. With what
lu=1.6605402 + 102g. (86)
In these units, the magnitude of the decrease in the energy of two
protons exchanging a relativistic electron has the value:
Ao = Apaa€o = 107w (87)
To compare this energy with the measurement data, it is neces-
sary to calculate the mass defect of particles forming the deu-
teron
AMp = M, + M,, — My ~2.3414 - 103y~ (88)
(Where M = 1.007276466621u, M, = 1.00866491560u and

M, = 2.0136u are masses of proton, neutron and deuteron, re-
spectively.

Thus, we can assume that for the deuteron quantum-mechanical
rating (Equation (87)), as in the case of molecular hydrogen ion,
in order of magnitude is consistent with the experimentally mea-
sured the magnitude of the binding energy (Equation (88)), al-
though in both cases a coincidence, without further amendment
is not very accurate.
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Figure 5: Schematic representation of the ° He core. Dotted
lines schematically represent the possibility of a relativistic elec-
tron jumping from one proton to another.

Figure 6: Schematic representation of the core * He. Dotted
lines schematically represent the possibility of a relativistic elec-
tron jumping from one proton to another.

4.2 Helium Isotopes

Figure (5) shows schematically the energy bonds in the nucleus
of * He. From it we can seen that there are three paired interac-
tions of protons. Therefore, it should be assumed that the bind-
ing energy of this nucleus should be equal to the triple binding
energy of the deuteron (Equation (88)):

SMpes =3-AMp ~ 7.02-10 3u. (39)

The experimentally measured mass defect of this nucleus is
equal to

AM(He3) = 2M, + M,, — M3 = 8.29 - 10 %u.  (90)

Thus, the calculated mass defect of this nucleus can be consid-
ered quite consistent with its measured value.

As it can be seen from Figure (9), there are bonds are formed
by six paired interactions of protons AMd, realized by two elec-
trons. For this reason, it can be assumed that the binding energy
of the nucleus *,He should be equal to:

SMy=2-6-AMp ~28.1-103u. 91)
The measured mass defect of this nucleus is equal to
AM,, = 2M, +2M,, — M, = 30.4- 10 3u. (92)

Such agreement of these values can be considered quite satis-
factory.

4.3 Beryllium Isotopes
A comparison of the binding energies of beryllium isotopes
points the way to calculating mass defects of heavy nuclei.

If we compare the binding energy of nucleus * Be with the dou-
bled binding energy of the alpha-particle, we can conclude that
this nucleus must be unstable. When it decays into alpha parti-
cles, the energy corresponding to the mass defect, which turns
out to be negative in this case, should be released:

AM(Be8) = 2M, — Mpe, = —2.29-103%u  (95)
Indeed, measurements show that the *,Be nucleous is very short-

lived. It decays into two alpha-particles, having a lifetime of ap-
proximately 107 sec.
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Figure 7: The schematic representation of energy bonds in the
Be-8 core. Dotted lines represent the possibility of a relativistic
electron jumping between protons.
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Figure 8: Schematic representation of energy bonds in the Be-9
core. Dotted lines represent the possibility of a relativistic elec-
tron jumping between protons.

However, if neutron is attached to the ¥, Be nucleus to construct

the °,Be nucleus (Figure 8), the result is a stable nucleus with a
mass defect:

AM(Be9) =4- M, +5- M, — Mpe, = 60.25-10"%u. (94)

This can be explained by the fact that the total mass defect in the
structure shown in Figure (8), will increase.

The mass defect of alpha-particle according to Equation (91) is
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equal to 12 AM . Two alpha particles respectively create a mass
defect 24-4M ,. To this value, we need to add a doubled deuteron
defect of mass 2- 4M , since the electron of an additional neutron
connecting alpha-particles (Figure 8) has the ability to transfer
to free protons of neighboring alpha-particles. As a result, we get
the total mass defect of °, Be

SM(Be9) = 26 - AMp = 60.88 - 10 u.

Good agreement of this estimate with the experimental value
(Equation (94)) suggests that neutron can bind alpha-particles
together, playing the role of a kind of glue.
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Figure 9: Comparison of calculated values of the mass defect of
light nuclei with the measurement data.

Table 3: Comparison of the calculated values of the defect of
the mass of light nuclei with the measurement data.

isotope M AM | Ny | 6M = Ny AMp | AM=0M
u 1073 1073y %
’D 2.01355 23414 | 1 -
3He 3.01493 8.2878 | 3 7.0242 15
iHe | 4.001506179 | 30.377 | 12 28.097 7.5
§Be | 8.00530510 | 58.46 | 24 56.194 3.9
9Be 9.0121822 | 60.248 | 26 60.876 1

5. Mass defects of heavy nuclei

Taking into account the scheme of the structure of the nucle-
us °,Be (Figure 8), we can by analogy assume that, other stable
heavy nuclei can be represented in the form "crystals" , consist-
ing of alpha-particles "glued" each other neutrons (Figure 10).

Figure 10: Schematic representation of the "crystal" models of
a heavy nucleus in which alpha-particles are "glued"together by
neutrons

Since one neutron can "glue" several alpha-particles, in a large
"crystal" the number of alpha-particles must be greater or equal
than the number of "gluing" neutrons. l.e., the inequality must
be fulfilled:

N,==>N, - Z. (96)

2| N

Where

Z is an even number of protons in the nucleus,

N,_= Z/2 is the number of alpha-particles formed in the nucleus,
N, is the number of neutrons.

This assumption is confirmed by experimental data. For heavy

stable nuclei, as can be seen from Figure 11, relation N -Z / Z/2
is indeed less than (or close) to one.

) (Nn-Np)/(z/2)
1.0 A ﬁ%’

B / .

/,m

oo

Figure 11: Dependence of the ratio of the excess of the num-
ber of neutrons over the number of protons to the value Z/2 for
heavy nuclei with an even number of protons.

If we assume that alpha-particles and neutrons form the simplest
cubic "crystal"(as shown in Figure (10)), then each alpha-parti-
cle will be adjacent to six neutrons. As a result, the mass defect
of each alpha-particle will increase by 6 . AM, .

Thus, the total mass defect of one alpha-particle in the "crystal"
turns out to be equal to

§* My = 0My +6- AMp =18-AMp,  O7
and the complete mass defect of the entire nucleus:
M =N, -6*M,=9-7Z-AMp ~0.02107- Z u. (98)

This simple formula predicts the binding energy of heavy nuclei
with satisfactory accuracy.

The ratio of the values of mass defects of heavy nuclei calculat-
ed by this formula to the experimentally measured values of the
defect of the mass of the nucleus

Relationships of values of mass defects of heavy nuclei calcu-
lated by this formula to the experimentally measured values of
mass defects of these nuclei
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M 0.02107 - Z
AM — Z-My,+ N, - M,, — M(nucleus)

is shown on Figure (12).

It is very remarkable that on the dependence dM/AM there is the
breaking point separating the falling and growing branches. This
fracture occurs on the isotope ** Pb. It is the heaviest stable
nucleus of the periodic table of elements. It separates the stable
isotopes of those elements that have smaller charge numbers and
nuclei with a larger Z that experience radioactive decay.
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Figure 12: Comparison of calculated values of mass defects of
heavy nuclei with the measurement data.

6. Conclusion

The good agreement of the calculated binding energy for many
nuclei with the measurement data allows us to assume that the
strong interaction is the purely quantum mechanical effect de-
scribed above.

For the First time, attention to the possibility of explaining nu-
clear forces based on the effect of electron exchange was appar-
ently drawn by [.E.Tamm [10] back in the 30s of the last cen-
tury. However, later in nuclear physics, the model of exchange
of m-mesons, and then gluons, became predominant. The reason
for this understandable. To explain the magnitude and radius of
action of nuclear forces, a heavy particle with a small intrinsic
wavelength is needed. A non-relativistic electron is not suitable
for this. However, on the other hand, the models of n-meson or
gluon exchange also did not turn out to be productive. These
models could not give a sufficiently accurate quantitative expla-
nation of the binding energy of even light nuclei. Therefore, the
above simple and consistent with measurements estimate of this
energy is an unambiguous proof that the strong interaction is a
manifestation of the quantum-mechanical effect of attraction be-
tween protons, which occurs due to the exchange of a relativistic
electron.

An important consequence of this model is the ability to deter-
mine the cause of instability of some nuclei.

The condition Equation (96) corresponds to the case when neu-
tron "glues" at least two-alpha particles.

In the opposite case, an excess of neutrons forces them to bind
to only one alpha-particle, which makes this bond weak and the

nucleus prone to decay.

Thus, the condition Equation (96) is actually a condition for the
formation of a stable nucleus bond.

It can be converted to the form:

gzan+Z:A,

and, thus, the boundary of the stability of the nuclei is described
by the equality:

<25.

N

Where A is number of nucleons in nucleus.

Really, for some unknown reason, this boundary of stability is
slightly shifted. For the heaviest stable nucleus ** Pb- this ra-
tion A/Z = 2.54 (Figure 13).
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Figure 13: On the question of the boundary separating stable
and unstable nuclei, described by the inequality A/Z <2:5.

It is important that in this model there are no reasons for the
appearance of stability islands outside the boundary (Equation
(101)) and all the activity to search for them among super heavy
nuclei looks devoid of a physical basis.
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