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Abstract
The Standard Model of elementary particles, with its associated concept of a vacuum state of empty space, leads to strongly restricted
results in subatomic physics. Examples are given by vanishing rest
masses and an associated spinless state of the photon. In a revised
quantum electrodynamic theory by the author, new results have
been deduced which cannot be obtained from the Standard Model.
These are due to a vacuum state populated by Zero Point Energy
and a corresponding nonzero electric charge density. This leads to
a screw-shaped photon configuration with rest mass, spin and possibilities of needle radiation, to a deduced value of the elementary
charge of the electron, muon and tauon being close to its experimental value, to a deduced mass being nearly equal to 125 GeV of the
Higgs particle detected at CERN, and to the discovery of large intrinsic charges of both polarities within the volume of a particle. In
their turn, these charges give rise to effects of the same magnitude
as that of the strong force, and can account for the binding energy of 8 MeV of the neutron and proton. This makes a unification
possible of electrodynamics with the strong nuclear force.

Lorem ipsum dolor sit amet, consectetuer
adipiscing elit. Ut purus elit, vestibulum ut,
placerat ac, adipiscing vitae, felis. Curabitur
dictum gravida mauris. Nam arcu libero,
nonummy eget, consectetuer id, vulputate a,
magna. Donec vehicula augue eu neque. Pellentesque habitant morbi tristique senectus et
netus et malesuada fames ac turpis egestas.
Mauris ut leo. Cras viverra metus rhoncus
sem. Nulla et lectus vestibulum urna fringilla
Quantum Electrodynamics, Standard Model and Beyond,
ultrices. Phasellus eu tellus sit amet tortor
Zero Point Energy, Higgs Particle, Unification of
gravida placerat. Integer sapien est, iaculis in,
Electrodynamics and the Strong Force
pretium quis, viverra ac, nunc. Praesent eget
sem vel leo ultrices bibendum. Aenean faucibus. Morbi dolor nulla, malesuada eu, pulvinar at, mollis ac, nulla. Curabitur auctor semper nulla. Donec varius orci eget risus. Duis
nibh mi, congue eu, accumsan eleifend, sagittis quis, diam. Duis eget orci sit amet orci The fundamental properties of elementary particles have earlier been
dignissim rutrum.
discussed by the author in terms of subatomic physics, as given by a reNam dui ligula, fringilla a, euismod sodales,
vised quantum electrodynamic theory [1,2]. These properties will here
sollicitudin vel, wisi. Morbi auctor lorem non
justo. Nam lacus libero, pretium at, lobortis be reconsidered with special emphasis on the concepts of rest mass,
vitae, ultricies et, tellus. Donec aliquet, tor- spin, elementary electric charge, intrinsic electric charges, needle rator sed accumsan bibendum, erat ligula aliquet diation, the strong force, the binding energy of neutrons and protons,
magna, vitae ornare odio metus a mi. Morbi
the Higgs mass, and the relation between relativity and quantum meac orci et nisl hendrerit mollis. Suspendisse
ut massa. Cras nec ante. Pellentesque a nul- chanics.
la. Cum sociis natoque penatibus et magnis
The shortcomings of conventional theory, based on a vacuum state
dis parturient montes, nascetur ridiculus mus.
Aliquam tincidunt urna. Nulla ullamcorper
vestibulum
turpis. Pellentesque cursus
DOI:
10.4236/jmp.2019.106047
Mayluctus
27, 2019
663
Journal of Modern Physics
mauris.
Nulla malesuada porttitor diam. Donec felis
erat, congue non, volutpat at, tincidunt tristique, libero. Vivamus viverra fermentum felis.
Donec nonummy pellentesque ante. Phasellus

Keywords

1. Introduction

B. Lehnert

of empty space, will first be elucidated in Section 2. This is followed
in Section 3 by a description of the revised subatomic field equations
of a vacuum state populated by Zero Point Energy (ZPE). In its turn,
this leads to new subatomic properties of the elementary particles, as
being discussed in Section 4.

2. Shortcomings of Conventional Theory
In conventional electromagnetic theory and such applications as plasma physics, particles of given electric charge and mass form the basis
of corresponding macroscopic field equations. The latter are then related to a vacuum state of empty space. This theory is well established
and will not be further discussed here.
A different situation arises, however, when attempts are made to
treat the interior of elementary particles in terms of subatomic theory.
In this section some important examples are given on what happens if
the vacuum concept of empty space is being retained. It implies that
the electric charge density represented by the local value div E of the
electric field strength E vanishes identically.
The first example concerns the conventional equations being applied
to a model of the propagating photon, treated with div E = 0 by
means of the Hertz vector, as given by Stratton [3]. According to
Chapter 9 of [1], these equations have solutions in plane, cylindrical,
and spherical geometry which all lead to a vanishing total angular
momentum (spin). In particular for cylindrical geometry the local
spin contributions sz1 and sz2 of the TM and TE wave types become
2

(1)

K 2 = (ω/c) − k 2

(2)

sz1 = sz2 ∝ K 2 n [Jn (Kr)] (sin 2nϕ)
where
2

for a wave form f (r) exp[i(−ωt + kz + nϕ)] in a cylindrical frame
(r, ϕ, z) with Jn (Kr) as a Bessel function. The total integrated contribution to the spin then vanishes for all K and n. Consequently,
conventional theory does not become reconcilable with a physically
relevant photon model which should possess spin according to experiments.
The second example concerns the steady state with both div E = 0
and ∂/∂t = 0. Then the charge density ε0 div E and curl B of the magnetic field B will vanish. This implies that there are no local sources
of the electromagnetic field. As also being pointed out in Section 6.1
of [1], this is in agreement with Quigg [4] who states that the symmetry of the conventional field equations does not permit masses for
quarks and leptons. Consequently, the existence of particle-like states
rests on a nonzero div E and an associated broken symmetry between
E and B.
A third point concerns the conventional description of the photon in
terms of plane waves. This is not only in contradiction with a nonzero
spin, but also with the experimentally proved needle-like behavior,
as described in Chapter 4.1 of [1]. Both these circumstances influence
the way in which the concept of special relativity has to be transferred
from a plane-wave model to a multidimensional model, such as that
of cylindrical geometry later treated in this paper. Needless to say,
this does not affect the general lines of thought of special relativity by
Einstein.
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3. Revised Subatomic Field Equations
The shortcomings of conventional theory impose restrictions on a
treatment of subatomic physics. A way out of this dilemma is provided by the following sections. The present treatment thus includes
terms with a nonzero div E which are not present in a conventional
analysis, and where div E acts somewhat like a hidden variable.

3.1. The Zero Point Energy
In a study of the quantum mechanical energy levels of the harmonic
oscillator, M. Planck found that there is a nonzero ground level, the
Zero Point Energy (ZPE), as further described in a review by Schiff [5].
The related electromagnetic vacuum fluctuations were investigated by
Casimir [6] who predicted that two metal plates separated by a small spacing will attract each other, due to the fact that only small
wavelengths can exist within the spacing. Such a net differential force
was first demonstrated experimentally by Lamoreaux [7]. Part of the
fluctuations also carry electric charge, as pointed out by Abbott [8].
Consequently, the vacuum is not merely a state of empty space, but
includes photon-like modes being each of frequency ν and energy hν/2
and which result in a real macroscopic pressure. Even if these fluctuations occur at the lowest ZPE level, their spatial inhomogeneity
can produce a pressure gradient. Since the Casimir force is due to a
comparatively small differential pressure, the total ZPE can become
much larger. More detailed discussions are presented elsewhere [9–11].
The basis of the present subatomic field equations is thus formed
by the concepts of ZPE and the Casimir force, in combination with
special relativity.

3.2. The Extended Equations
With the basic concepts of the previous subsection, a revised quantum
electrodynamic theory (RQED) is now established [1]. Thereby the
new inclusion of terms with a nonzero div E becomes sources of electric
charge and matter, in accordance with the incorporated effects of the
ZPE. It thus leads to a four-dimensional representation


1 ∂2
2
− ∇ Aµ = µ0 Jµ
(3)
Aµ =
c2 ∂t2
of the Lorentz invariant field equations with µ = 1, 2, 3, 4. Here Aµ =
(A, iφ/c) where A is the magnetic vector potential, φ the electrostatic
potential, c2 = 1/µ0 ε0 where c ∼
= 2.998 × 108 m/s denotes the velocity
constant of light determined by the magnetic permeability µ0 and the
dielectric constant ε0 , and Jµ = (j, icρ̄) where j stands for the electric
current density and ρ̄ = ε0 div E for the electric charge density. Since
Jµ is relativistically invariant, it has to satisfy the condition
j2 − c2 ρ̄2 = const.

(4)

where the constant must vanish because Jµ disappears when there are
no sources of charge and current density. This leads to the final form
Jµ = ρ̄ (C, ic)

(5)

C2 = c2

(6)

where
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and C is a velocity vector with the modulus c.
In a three-dimensional representation the new extended subatomic
field equations of the vacuum state become
c2 curl B = (div E) C +

curl E = −

∂E
∂t

(7)

∂B
∂t

(8)

div B = 0

(9)

where
B = curl A,

∂A
,
div E = ρ̄/ε0
(10)
∂t
As compared to conventional theory, these include the additional contributions from div E due to ZPE in Equations (7) and (10), with
the vector C of Equation (6) replacing the velocity constant c. This
replacement is associated with the extension of the plane-wave representation of special relativity to a two-dimensional one, such as that
of cylindrical geometry with an incorporated spin concept.
E = −∇φ −

4. Resulting New Subatomic Properties
A number of new results have been obtained from Equations (3)–(10)
which cannot be deduced in terms of the Standard Model. Corresponding particle models of steady axisymmetric states thus arise from
a related generating function. As shown in Chapter 6 of [1], a radially
convergent such function leads to vanishing net electric charge q0 and
magnetic moment M0 , whereas a divergent one results in net values
of q0 and M0 under certain circumstances. In this section a number
of examples [2] will be reconsidered.

4.1. Photon Model with Spin and Rest Mass
The solution for cylindrical waves in a frame (r, ϕ, z), with the velocity
vector C = c(0, cos α, sin α), cos α  1, and a constant angle α, leads
to a screw-shaped configuration which includes spin and an associated
very small but nonzero rest mass, as shown in Chapter 11 of [1]. The
phase and group velocities become slightly smaller than c, the field
geometry is helical with nonzero axial field components, and it becomes
limited in space.
For a generating function with a convergent radial part there is an
effective photon radius
r̂ =

ελ0
2π(cos α)

(11)

with a main wavelength λ0 of a corresponding wave packet, and a
parameter ε = 1. As an illustration, cos α 6 10−4 and λ0 = 3 × 10−6
m yields a photon rest mass m0 6 10−40 kg. The phase and group
velocities then only deviate by a factor less than 5 × 10−9 from the
velocity constant c. The spin thus exists at the expense of a very small
reduction of the momentum which is related to the axial propagation.
There is also a photon mode originating from a generating function
with a divergent radial part. A revised renormalization procedure is
applied to this mode, to obtain finite values for the parameters of
a wave packet as shown in Chapter 11.3.5 of [1] and in [12]. The
DOI: 10.4236/jmp.2019.106047
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effective radius of Equation (11) is then obtained for 0 < ε  1. With
ε 6 cos α 6 10−4 and λ0 = 3 × 10−6 m we then have r̂ 6 5 × 10−7 m.
This represents a form of needle radiation.

4.2. The Elementary Charge
The main features of steady axisymmetric states can be deduced from
the time-independent field equations of a separable generating function
F (r, θ) = G0 G (ρ, θ)

G = R (ρ) · T (θ)

(12)

in a spherical frame (r, θ, ϕ), where all relevant quantities are independent of the angle ϕ and ρ = r/r0 , with r0 , as a characteristic
radial dimension. To arrive at a particle with net electric charge and
magnetic moment, a divergent radial part
R = ρ−γ e−ρ

γ>0

(13)

is chosen, in combination with a polar part T of top-bottom symmetry.
The divergence problem of infinite self-energy which arises in the
resulting point-charge-like geometry, can be tackled by a process of
renormalization. The conventional way of proceeding is described by
Ryder [13] among others, implying that the divergent behaviour is
outbalanced by adding extra ad hoc counter terms to the Lagrangian.
In the present approach an alternative way is chosen, where the “infinity” of the divergent system is out balanced by the “zero” of a
counter-factor [14]. Such a factor is already inherent in the present
theory and has not to be imposed, as shown in Chapter 7.3 of [1].
Corresponding deductions have been performed on the electron,
muon, and tauon, leading to the following results:
• There is a net electric charge q0 = Q0 fp where Q0 = (ε0 ch)1/2 '
8.86 × 10−19 C and fp is a dimensionless profile factor. Q0 is
related to the fine-structure constant, and it can be taken as
an example where relativity is linked with quantum mechanics
through the present theory.
• A variational analysis on the factor fp finally results in a minimum elementary charge q0 = 1.60 × 10−19 C within an uncertainty a few percent as compared to the experimental value of
e [1, 15, 16].
• The product of the rest mass m0 and the magnetic moment M0
becomes


m0 M0 = (ch/4π) 1 + e2 /4πε0 ch = 8.46 × 10−34 kg · A · m2
(14)
This agrees with experimental data for m0 M0 of the electron,
muon and tauon within the limit of a few percent.
The obtained characteristic charge Q0 and the deduced minimum
value of q0 being close to the experimental value of the elementary
charge e, thus suggests that the latter should be considered as a deduced quantity, and not as a fundamental and independent parameter.

4.3. The Z Boson and the Higgs Particle
The treatment of the vacuum as an empty space leads to a number of
shortcomings, such as to a missing rest mass of elementary particles.
DOI: 10.4236/jmp.2019.106047
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This point was made clear by P. W. Higgs and F. Englert among
others. The theory by Higgs [17] is based on a spontaneous nonlinear
mechanism of symmetry breaking of an empty vacuum state, by which
an unstable boson of unspecified but large rest mass is being formed.
This particle has zero net electric charge and zero spin. In its turn, the
same particle is considered to decay into a set of all other lighter and
massive elementary particles. An open point concerns the theoretically
undetermined value of the rest mass.
A particle was later discovered at the projects ATLAS [18] and CMS
[19] of CERN, being unstable, having vanishing net electric charge and
spin, and with a rest mass of 125 GeV. This discovery was understood
to be a confirmation of the heavy particle due to the theory by Higgs.
An alternative and different way of explaining the results by CERN
has been presented by the author [20–22], as being characterized by
intrinsic linear broken symmetry. It starts with a model of the Z boson
determined from a convergent axially symmetric generating function.
From superposition of the solutions of two such Z boson models with
antiparallel spin directions, a composite model can be formed. With a
mass of 91 GeV for each of the original Bosons, the composite particle
obtains characteristical data given by lacking electric charge, magnetic
field, and spin. It is purely electrostatic and highly unstable, and
has a minimum mass close to 125 GeV. This appears to be in good
agreement with the results by CERN. The composite particle solution
is also consistent with the point made by Quigg [4] that the Higgs is
perhaps not a truly fundamental particle, but is built out of as yet
unobserved constituents.

4.4. Intrinsic Charges and the Strong Force
The local nonzero behaviour of div E does not only generate a net
integrated electric elementary charge e, but also intrinsic integrated
electric charges ±Qi of both polarities within various parts of the volume of an elementary particle [1, 2, 23]. This can be demonstrated
by a model of an individual quark being deduced from a convergent
generating function, in a frame of spherical coordinates (r, θ, ϕ) being
independent of ϕ. We further consider a tentative model of the neutron, given by three individual quarks which are mutually bound to
each other, to form a triangular configuration [24]. In a first simplified
treatment equal models are used for these quarks.
The following points concern the model of an individual quark:
• In the triangular configuration each quark is assumed to have a
mass of 5.57 × 10−28 kg being a third of the neutron mass.
• Integration of the local electric charge density over various parts
of the quark volume results in large positive and negative intrinsic charges ±Qi where Qi /e ∼
= 19.9. Thus Qi becomes an order
of magnitude larger than the elementary charge.
Concerning the interaction between two quarks, the following points
should be observed:
• The source terms of the present theory lead to a volume force
density
f = ρ̄ Ei
Ei = E + C × B
(15)
Here part of the electric contribution E is outbalanced by the
magnetic contribution C × B. Therefore the total field Ei only
DOI: 10.4236/jmp.2019.106047
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becomes noticeable within the innermost part of the quark volume. The result (Qi /e)2 = 396 implies that the interaction due
to Ei would become more than two orders of magnitude larger
than that arising between two elementary charges. But in the
real situation the added influence of C × B partly outbalances
that of E.
• The total interaction between two quarks in the triangular configuration thus is of short-range character, and becomes about
two orders of magnitude larger than that between two elementary charges.
• The mutual quark force and its corresponding work can be determined in terms of the distance between the quark centra. It is
obtained from the force due to the local intrinsic charge density
of quark number I, in combination with the reversed total field
Ei generated by quark number II.
• When gradually shrinking the distance between the quark centra, a corresponding work of the mutual forces and their associated potential distributions is being traversed. This results in
an outer potential barrier, followed by an intermediate well, and
thus ending at an additional barrier. The mutual quark interaction thus becomes stable and attractive.
• An application to the neutron then leads to a well depth of
about 7.7 MeV, being rather close to the binding energy of 8
MeV obtained from experiments reported by Bethe [24]. Since
the additional net charges of the proton are comparable to the
elementary charge, a similar result should also hold for the proton.
• In the triangular quark model an outer radius of about 3×10−15
m and a core radius of about 10−15 m are obtained. These values
are comparable with a nuclear radius of 1.5 × 10−15 m given by
experiments.
These deduced data are impaired by some uncertainties. Nevertheless the general outcome could still hold. The obtained short-range
character and the order of magnitude of the attractive and stable interaction thus gives a clear indication that it should become possible to
unify the fundamental phenomena of electromagnetics and the strong
nuclear force.

4.5. Special Relativity versus Quantum Mechanics
In quantum mechanics an instantaneous behaviour of entangled states
can take place through long-range interaction. A vacuum state of
empty space leads on the other hand to a limited relativistic velocity
propagation in subatomic physics. When div E = 0, Equations (7)–
(10) thus result in a conventional transverse electromagnetic EM wave,
with the velocity c. This is not reconcilable with instantaneous longrange interaction.
A possible way out of this dilemma [25] may be provided by the
transition to a vacuum state with ZPE and div E 6= 0. Equations (7)–
(10) then lead to two wave types. The first is an EMS nontransverse
electromagnetic space-charge wave with curl E 6= 0 and a limited relativistic propagation determined by the velocity constant c. The second
DOI: 10.4236/jmp.2019.106047
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type is an S wave of purely longitudinal electric space-charge character
with curl E = 0. This wave depends only on the dielectric constant
ε0 , has no relation to relativity, and is not limited in its velocity of
propagation, as defined by the vector C in Equation (7).
The EMS and S concepts are here proposed to be combined into
a system which satisfies the requirements of long-range interaction.
Thus, two spatially limited EMS particle models being at a long mutual distance become linked by an S mode which is not limited in its
speed of transition. This would imply that relativity and quantum
mechanics do not necessarily have to be in conflict. But it remains
so far as an open question which requires more investigation. There
are the remaining questions whether the S mode becomes a physical
reality, and how the matching of the axial electric field components of
the EMS and S modes can be realized in detail.

5. Conclusions
From the present revised subatomic field equations, new results have
been obtained in terms of the Zero Point Energy. These results cannot be deduced from the conventional Standard Model. They concern
the spin, rest mass and needle radiation of the photon, a deduction
of the value of the elementary electric charge, and of the mass of the
CERN particle. The latter deduction is not related to the theory by
Higgs. The present theory has further debouched into the discovery of
intrinsic electric charges and related forces acting within corresponding particle models. These forces give rise to a potential well depth
being rather close to the binding energy of the neutron and proton.
This provides a possibility of unifying electrodynamics and the strong
nuclear force.
It is improbable that all these different obtained results should merely by chance happen to agree with experimentally confirmed facts.
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