Chaos and Correlation January 10, 2012

Chaos and Correlation
International Journal, January 10, 2011

Chaqs and Correlation

. International Journal
‘J_ .
CTpyKTypa HEeliTPOHA B TEOPUH Neutron structure in Kaluza-
Kaayusbi-Kieiina Klein theory
Alexander P. Trunev (Toronto, Canada) Alexander P. Trunev

Ha ocuoBe teopun Kanyusi-Kieiina wusyuensr ocobwie The special states of a hydrogen atom, arising from the
COCTOSIHMSI ~ aTOMa  BOJOPOJAA,  BOSHUKAIOIIME  IIPU interaction of a proton with a scalar massless field studied
B3aMMOJCHCTBIM IPOTOHA CO CKAISPHBIM 0e3MaccoBbiM O the basis of Kaluza-Klein theory. It is shown that some
nonieM. [I0Ka3aHO, YTO HEKOTOPHIC COCTOSHHS TAKHX states of the atoms have parameters of the neutron.

M b
aTOMOB MMEIOT IapaMeTphl HEWTPOHA.

KimroueBsie ciioBa: Teopus Kamymer-Kneitna, atom Keywords: KALUZA-KLEIN THEORY,
BOZOPOJIa, HEUTPOH, MPOTOH, AJIEKTPOH. Hydrogen atom, Electron, Proton, Neutron.
Introduction

The search for a metric that describes the elementary particles has been
going on for over 100 years [1-6]. Pauli and Einstein [1] are shown for both — 4-
dimension and 5-dimension Kaluza metric [2], that there are no regular stationary
solutions of the relativistic field equations. It has been found [7] that the effect of
electromagnetic field on the metric in the five-dimensional space leads to a change
in the mass spectrum of elementary particles. In particular, the interaction of
protons with a scalar massless field can be formed a particle with a mass close to
the mass of the neutron. In this paper, we consider the problem of the structure of
the neutron based on the models [7-8].

Description of the model

Following [7], we assume that a metric tensor in 5-dimensional space near

the gravity massive centre is represented as a power series of distance from the

source »=+x+y*+z*  thus

G4=G(0)4G5(0)kr+ G, (0)H L4 (1)
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Here the scale parameter k is given by the application of the model (1), and
the dot denotes differentiation with respect to the dimensionless parameter 7 = &r.
Consider the form of the tensor (1) resulting in retention of the first three terms in
the expansion of the metric in the case of central force field with the gravitational
potential in Newton's form.

Suppose x'=ct,x’=x,x’=y,x'=z in this notation we have for the square of
the interval in the 4-dimensional space:

ds> = (1+ 2§ /) - (1- 20 /P)|dx® + av® + dz?)

" @

.
Here V - the gravitational constant, M - mass of the central body, c¢ - speed of
light. Assume that the coefficients of the metric in the 5-dimensional space are
characterized by some parameter ¢°= G, (0)= -G, (0). Then, assuming that
e?/k=2yM/c*, we arrive at the expression of the interval depending on the
parameters of the metric in the five-dimensional space:
ds® = (1- £ /kr)c*t - (1+ €7 V) dx* + dy* + d2*) (3)
Further, note that in this case, the metric tensor in four dimensions is
diagonal with components
g =1-¢*1kr; g,=gu=gu=-(1+¢e°/kr) 4)
We define the vector potential of the source associated with the centre of
gravity in the form of
g =¢clkr, g=gu (5)
Here u is a three dimensional vector, which we define below. Hence, we find

the scalar and vector potential of electromagnetic field

p,=9="C 0 A=ju (6)
r e kr

Assuming N=(kr)’ and calculating the metric tensor in 5-dimensional space,
using (4) - (5), we find that in this case the expression (1) contains the right side

only three members of the powers series

New e Nl (0)+6, 0+ G0 K @)

Ng. N

1

G,=
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Note that the zero term of (7), which describes a flat space, depends on the

charge. In the metric (7), every massive body can have a positive or negative

electric charge 9 ~ tmce\/2yM /k /e

. Since the charge is quantized, one can
determine the mass, which generates an electron or a proton from the relations: g =
e, M = m, therefore m’=ke’/2c’y . Hence we find the expression for the unknown
parameter of the theory

k= 2ym’c? /e’ (8)

Note that this expression corresponds to the Coulomb law in the form (6) in
the Gaussian system of units. In the SI system, the right-hand side of (8) should be
multiplied by (47¢,)*, where ¢,- permittivity of vacuum. The numerical value of (8)
having a dimension of inverse length, is in the case of an electron around
1.7010%m™", and in the case of the proton about1.0500 "*»'. Note that the
corresponding scale in the case of an electron exceeds the size of the observable
universe, while for protons this scale is about 100 light-years.

This result shows that to describe the motion in the four-dimensional
worlds, taking into account the forces of gravity and electromagnetism requires
only a finite number of terms of (1) in the expansion of the metric tensor in 5-
dimensional space.

Let us consider the lower limit of applicability of the developed model. For
this we compare the zero and second terms in the expansion (7). Assuming that
these terms have the same order, we find the corresponding minimum radius,
which in the case of the electron coincides with its classical radius - Table 1. On
this scale, the electrostatic field affects the 5-dimensional metric space, as shown
below. Note that the minimum size of the proton coincides with the range of the
weak interaction.

Table 1: Parameters of the metric tensor Gy .

k, 1/m g [max, M min, M
e- 1.703163E-28 4.799488E-43 5.87E+27 2.81799E-15
p+ 1.054395E-18 1.618178E-36 9.48E+17 1.5347E-18
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To calculate the contra-variant tensor, we use the general expression of the

form [7]

1

ik k
Y 1(;: 1+gf§gigk) ©)
Calculating the contra-variant components of the metric tensor and the four-
vector potential, according to (5), we find that
gl=a=(0U-¢*kr)"; g2=g"=g¥=b=-U+c"/kr)"
g'=ag,g = bg,, g = bg,, g" = b,

(10)

Hence, calculating the contra-variant tensor according to equation (9), we

obtain
H a 0 0 0 -ng
00 b 0 0 -g°[
G":NZ0o o0 b 0 -gf (11)
o0 o0 0 b -g'O
g -g g -gt o

It is indicated 1 = 1+ag/+b(g;+ g +g;). Note that the contra-variant
components of the vector potential and the metric tensor in 4-and 5-dimensional
space, proportional to the parameter a, have a singularity at the point, which
corresponds to the gravitational radius » = ¢*/k = 2yM /c¢* . The determinant of the
metric tensor is equal to the inverse of the determinant of the contra-variant tensor,
which is easily calculated for the matrix (11), we have a result (see [7])

G=Na'b” (12)

To describe the motion of matter according to its wave properties, we
assume that the standard Hamilton-Jacobi equation and relativistic mechanics, such
as the Klein-Gordon equation in quantum mechanics arise as a consequence of the
wave equation in five-dimensional space [7]. This equation can in general be

written as:

d d
L-6e L= o0
- G ox’ @ dx' @ (13)

-
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Here W is the wave function describing, according to (13), the massless
scalar field in five-dimensional space.

Equation (13) is interesting because of it, by simple generalization we can
derive all the basic models of quantum mechanics, including the Dirac equation, as
in the nonrelativistic case, this equation reduces to the Schrodinger equation. From
this we can also derive the eikonal equation, which is a 4-dimensional space i1s
reduced to the Hamilton-Jacobi equation, which describes the motion of relativistic
charged particles in electromagnetic and gravitational field [7].

Further, note that in the studied metric which depends only on the radial

coordinate, the following relation

D A Nayerelly Py UG Nareet) (14)
0x* Ix" dr
In view of (10) (14), we write the wave equation (13) as
a 9’y 0°w .07V oy
S - |b|0%W +) -2g — F' —— =0
P PR Ny (15)

Note that the last term in equation (15) is of order N’k=k'r'<1,
Consequently, this term can be dropped in the problems, the characteristic scale
which is considerably less than the maximum scale in Table 1. Equation (15) is
remarkable in that it does not contain any parameters characterizing the scalar
field. Field acquires a mass and charge (not only electrical but also the strong and
weak [7]) in the interaction with the central body, which is due only to the metric
and the 5-dimensional space.

The spectrum of atomic particles with axial symmetry

Consider the motion of matter around a charged centre of gravity, which has
an electrical charge and strong charge, for example, around the proton. In the
process of solving this problem it is necessary to define the inertial mass of matter
and energy ties. Since equation (15) is linear and homogeneous, this problem can
be solved in general.

We introduce a polar coordinate system (7.¢,z) with the z axis is directed

along the vector potential (6), we put in equation (15)
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V =y (r)explilp + ik.z- iwt-ik,p) (16)
Separating the variables, we find that the radial distribution of matter is
described by the following equation (here rejected, because of its smallness, the

last term in equation (15)):

aw '’ 1 I’ ] .
- ""E‘””U‘””w‘” - K% %-zkiw r2g'coky - 2g%k k=0 (17)

We assume that the characteristic scale of the spatial distribution of matter
far beyond the gravitational radiusr>>¢’/k=2yM/c>. Then in the first
approximation we can assume that a= -b=1; 1 =1+ g’ -g’>=>1. We also use the

definition of the vector and scalar potential (5), as a result we obtain

2 K
wmiav,-;w - kY +EK“§§# =0

r

(18)
K*=k;+w?/c?, Kk, = -2k, (ku tw/c)/k>0

Note that equation (18) coincides in form with what was obtained in [8-9] in

the case of axially symmetric solutions of the Schrodinger equation describing the

special states of the hydrogen atom. We seek the solution of equation (18) as

-r/
w:woexp(r: rO) (19)

Substituting (19) into equation (18), we have

2 2 2
a -1 2a-1+rk 1 W
St 08 4 2—k22+kpz+2:() 20)
r 1T, vy c

Equating coefficients of like powers of r, we obtain the equations for

determining the unknown parameters:

1-2 1 W’
aztl, r= 0 RS20 @1
K, 7 c
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The second equation (21) holds only for values of the exponent, for which
the inequality a<1/2is true. Hence, we find an equation for determining the

frequency as
2712 2
245 kPZHZM wH K2
K20+ 1)’ 0 ¢l ¢’

It should be noted that the original metric in the five-dimensional space

=0 (22)

defined by metric tensor (7), which depends only on the parameters of the central
body, i.e. the charge and mass of the proton, so the left-hand side of equation (22)
should be placed ¢ /k = e*/mc*

State with axial symmetry in the Schrodinger quantum mechanics
Consider the problem of axially symmetric states of the hydrogen atom in

quantum mechanics, Schrodinger [8]. The equation describing the stationary states

of an electron with energy E in an external potential field {/ = - ( hclr (here

put the fine structure constantl = 1/ 137,035999679) in a cylindrical

coordinate system is as follows:

1, , 1 2m
Vot SV St Vs SR (ES U 20 o)

rr
r r

We seek the solution of equation (23) as
YV =y (r)exp(ilp + ik z) (24)
Substituting (24) into equation (23), we obtain
1 H a hc H//
v+ U, - 2¢’ k¢/+*E+ =0 @)
r ro]
Comparing equations (25) and (18), we find their full identity, so the

solution of equation (25) can also be found in the form (19). In this case the system

of equations for determining the parameters similar to (21)
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1- 2a h 1 2mE
a=1tl, r-= , 2-k22+ =0 (26)
20 mc 7 h
The equation for the energy in this case has the form
40 ° m'c’ 2mE
- k24 =0 27)

1+ 20> # R
It is believed that the energy states of a hydrogen atom depend on the

reduced mass m = m.m,/(m,+ m,)= m, In the following analysis we use this mass
scale.

Parameters of the 5-dimensional atom

Bound states of the hydrogen atom have the energy, which is represented by
the first term in equation (22) and (27). Since we are considering the same atom,

we equate these terms, multiplying them by a constant factor 7°/2m,. As a mass

scale will be used in equation (27) the reduced mass m = m.m,/(m,+ m,)= m, and
in equation (22) a mass scale m,, which we define below, we have
n’e’

2
m

kpz(kzuz tw/c) =0 °me’ (28)

Note that a similar equation was obtained in [9], although in this paper we
give an exact solution of the original equations, and in [9] - approximate solution
based on the assumption of the existence of classical trajectories.

Using the parameters of the metric, we reduce equation (28) to the form
2 2 2

, € mmc
2 27172

noonk;

, m

(ku tw/c)-= (29)
Since the wave vector k. is arbitrary, and the frequency must satisfy the
equation (22) and equation (29), we must assume that this is achieved by selecting

k, . Expressing this parameter from equation (29) and substituting it into equation

(22), we find from (28)
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2 2
Zm m1m2 t mpn;llm szuz t wH z
n2(21+ 1) nt o0 ¢ c

: =0 (30)

The first term in equation (30) describes the electromagnetic interaction is
small compared with the others, so it can be neglected, resulting in equation (30)
reduces to

2

2 2 2 2
m_c
pC mme” %kz W EH;(ZMZJr o1 (31)

h? h? ¢’ ¢

The simplest result is obtained in the absence of magnetic interaction, i.e. at

u, = 0. In this case, we find from equation (31)

2 4 2 4
0 _ ; k. ; k; m,mmc
c 2 |4 n*

It follows that the scalar field has a frequency boundary and the boundary

(32)

values of the wave vector, which is determined from (32) according to

o’ m,./mm, L :+0J2mp4/mml (33)
© h

- 4
z e h

Finally, assuming that the lower cut-off frequency corresponds to the

5

effective mass of an electron 7w = + mc?, we find the unknown mass scale
2 -
m = m’ /m,” = 2,96285010 "m, (34)

The rest energy of which m,c® = 0,151319¢V corresponds to a temperature of
about 1756K.

The wave vector of the fifth dimension is &, = tmc/h | the sign is determined
in accordance with the third equation (18), in which the parameter of interaction
put as K, > 0  The distribution of density in the toroid atom, calculated from
equation (19) for /=1 is shown in Fig. 1.
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Figure 1: The density distribution in a toroid atom, calculated from equation
(19)ati=1.

In Fig. 2 the relationship between momentum and energy in Lorentz's theory,
in five-atom, and for electromagnetic radiation are shown. Note that the dispersion
relation for the five-atom has four branches. In Fig. 2 shown only two branches,
which correspond to positive values of energy - (32) with a positive sign before the
radical, and with the signs + and - under the radical, respectively. Note that for the

excitation of vibrations in five-dimensional atom need to make the minimal
momentum p = +/2mc, which corresponds to the energy E = mc>.

Interestingly, the dispersion relation in the five-atom, along with the
ascending branch £ = cp, has a descending branch, for which higher values
momentum p >> +2me correspond to low energy E << mc?. If such a branch of the

dispersion relation does exist, then it opens up great possibilities in the jet engines

new generation.
http//chaosandcorrelation.org/Chaos/CR 2 2012.pdf
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Figure 2: Energy-momentum dispersion relation: 1) Lorentz theory; 2) the

five-atom Eq. (32); 3) electromagnetic radiation E = cp.

Thus, the set of electron states in a hydrogen atom has analogy with an axial
symmetry in 5-dimensional atom, consisting of a proton and a scalar massless
field. Based on this analogy, the parameters of five-atom dispersion relations (30) -
(32) have been derived. Note that the dispersion relation (32) does not contain the
interaction parameters, so it is applicable not only for atoms but also for the free

particles - electrons in a particular state.

The structure of the neutron
The experimentally determined main properties of the neutron are shown in
Table 2. The average lifetime of a free neutron is about to 885.7 c. A neutron

decays into a proton, electron and anti-neutrino in the scheme (beta decay):
0 . - L
n - ptetV, (35)
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Table 2: The fundamental properties of elementary particles involved in the

reaction (35) [10].

Elementary particle | Neutron n° Proton p* Electron e V e
Mass, MeV/c2 939.565560(81) 938.272013(23) 0.510998910(13) <22eV
Charge, Coulomb 0 1.602176487(40)x107"° | —1.602176487(40)x10°" | 0

The magnetic
moment, nuclear

— — —19
et (Nyor | 191304275 WN | 2.79284735128) kN | ~1.00115965218111 kB | 10y
Bohr magneton (B)

Electric dipole ©2.9x10%ecem | <5.4x107 e.om ? ?

moment

It was found that the proton in the nucleus may be transferred in accordance

with the scheme of the neutron inverse beta-decay

+ 0 +
5 te +
p nte tv, (36)

Another possible channel is the electron capture:

"te o on't
pte - ntv, (37)

The first theory of beta decay proposed in 1933 by Enrico Fermi. Later it
was suggested several theories, including the theory of Feynman and Gell-Mann

[11]. At the present time, according to the present standard model, the reaction (35)

comes with the participation of the intermediate vector gauge boson w [12]. In
this model, protons and neutrons are composite particles containing three quarks
on. However, protons are split into their component parts have failed, although it is
believed that hadronic jets observed in experiments on collisions of protons at high
energy, are the quark-gluon plasma [13].

It was found that the distribution of electric charge in the neutron consists of
a negatively charged outer coat, inner layer of positively charged and negatively
charged nucleus [14]. From the decay scheme (35) and classical representations of
the interaction of charged particles, one would assume that the proton forms
together with the electron kind of hydrogen atom, which explains the observed

electromagnetic structure of the neutron [15]. But we know that the state

http//chaosandcorrelation.org/Chaos/CR 2 2012.pdf
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describing the hydrogen atom with a large binding energy, consistent hydrino [16-

18]. In these states, the mass of the hydrogen atom is different from that of the

proton by a small amount 0 m ecz that is not consistent with the large mass of the

neutron, exceeding the total mass of a proton and an electron by an amount
(m,-m,-m,)/m,=1531015.

Consider the five-state hydrogen atom, which correspond to the parameters
of the neutron and proton in Table 1. In this case, there are no similar solutions,
which are described a neutron on the basis of relativistic Dirac or Klein-Gordon
equation. The wave vector of the fifth dimension can be determined from the third

equation (22), as a result we find

P> - E? m.c
S = k=t S
1+ b(Pu+ E)> " ' 7

4¢ 2 hk h >
b: 26 2 mec 2 ’P: ) ’E: wZ
'k (1- 2a) m,c m,c

Surface, which is given by the first equation (38), depends on the interaction
parameter, which in turn depends on the type of interaction. In general, we can set,
but the square of the charge can take three values of [7], which correspond to the

electromagnetic, strong and weak interactions, respectively - see Table 3.

Table 3: The parameter b for the three types of interaction with a =0

Parameter of
Interaction type Charge Interaction, b
Electromagnetic e’ = 0 he 6.3179E-11
2 _ 2 3/2
Strong e, =e(m,/m,) 4.97091E-06
2 _ 2 3/2
Weak e, =e(m/m,) 8.03E-016

As follows from Table 3, the effect of the interaction parameter on the

dispersion relation, even in the case of strong interaction manifests itself at
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energies of about 300 electron masses. There is however a special case where
a - 1/2. Then, it follows from (38) the interaction parameter can take any value.
In this particular case, all interactions are compared with each other in the sense
that there always exists a value of the exponent, for any type of interaction we have
the product parameters.

The surface S = S(P,E) for parameter values b= 0.039026;u = u_ =1 is shown
in Figure 3. Each section of the surface for positive values of S determines the line

of dispersion relation £ = E(P,S).

u=-1,b=0.078051

Figure 3: Surface, which characterizes the special states of a hydrogen atom

at b= 0,07805Lu=u_ = -1,

Note that a special case a = 1/2 was considered for the Schrodinger equation
in [8] and equation (18) in [9]. The common property of these states lies in the fact
that the electron approaches the nucleus for a short distance of the order of the
classical electron radius. For example, in the model [15] we have

r,/r,=0.4777778, r,=¢e’/my.c>, L=1.376791ah (39)

With this approximation may form a neutron? Consider the dispersion

relation that characterizes this condition. Solving the first equation (38) with

respect to energy, we find the dispersion relation - Fig. 4, which allows
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determining the minimum energy and momentum of a scalar field in a particular
state, using the conditions for the ascending part of the spectrum:

E,=(m,-m,)/m,= 2.531015;]l)imE/P =1

These conditions allow us to determine the numerical values of other
parameters

E, =2.531015;P, = 5.06203;.5 =12.81208; b = 0.078051  (40)

10 —E=P
w8 —E1
E2

Figure 4: Energy-momentum dispersion relation which characterizes the

special states of a hydrogen atom at b= 0,078051;u = u_ = -1,

Note that the dispersion curves in Fig. 2 and 4, describing the special states
of the hydrogen atom are similar, since both contain an ascending and descending
branch, as well as maximum limit of the spectrum. For the excitation of these
states must report a minimum momentum, i.e. their occurrence is possible, for
example, in the collision of solid bodies. The difference between them is the same
in that the states described by equations (28-32), the wave vector in the fifth
dimension is defined in the process of solving the problem, whereas the parameters
of the state of the dispersion relation shown in Fig. 4, are determined from the

equation (48), in which the wave vector in the fifth dimension is given constant.

http//chaosandcorrelation.org/Chaos/CR 2 2012.pdf
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The size of the hydrogen atom in this state is determined by the Compton
wavelength of an electron:
7 /A, =1/E= 0395098, A =#h/mc (41)

Note, the state of the hydrogen atom, have a characteristic size (41),
associated with hydrino [7-8, 16-18]. For the first time, these states were obtained
by Sommerfeld in 1923 as a solution of the Klein-Gordon equation for the
relativistic hydrogen atom. Note that the Sommerfeld solution can be obtained on
the basis of equation (17) at 4 =1+ g/;g= 0, i.e. in the absence of magnetic
interaction. At present there is not just a theory, but a lot of experiments
confirming the hypothesis of the existence of special states of the hydrogen atom -
hydrino [18]. Solution obtained above is a generalization of known results [16-17]
to the case of magnetic interaction caused by the Kerr metric [4].

You may notice that the dispersion relation S = S(P,E) obtained by section of
the surface shown in Fig. 3, is invariant with respect to the choice of scale.
Therefore, choosing a scale of the classical electron radius, we obtain

r,/r,=1/E=0,395098, r, =¢e’/mc’ (42)

This result is consistent with the data (39), but the final choice of scale in the
model depends on the determination of the neutron magnetic moment [15], which
is beyond the scope of this paper.

Thus, we have shown that there are specific states of the hydrogen atom,
which describe a particle with mass and size of the neutron. These states arise in
the interaction of protons with a massless scalar field. The resulting interaction

density distribution of the scalar field corresponds to the Yukawa potential

pzy 2 SPC20) gl g
r

Further study of this problem may be related with the influence of the scalar

field on a standard metric in the Kaluza-Klein theory [5].
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