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Abstract

We report to which extent elementary particles and the nucleons can be described
by an Ansatz that is alternative to the established standard model, and can still yield
predicted results that reproduce the observed ones, without using the formalism of
quantum mechanics. The different Ansatz is motivated by the attempt to explain
known properties of elementary particles as a consequence of an inner structure, in
contrast to the approach of the standard model, where the properties are ascribed to
point-like particles. Based on the assumption of the existence of photons, the possi-
bility of the creation of fermion and anti-fermion in an interaction of two photons of
equal energy is shown. The properties of these created elementary material particles
are found to agree with the ones observed. Also the possibility of the creation of
a neutron by interaction of two photons of equal energy is shown. In this case, the
newly formed neutron rests in the center of the collision system as a combined sys-
tem of the localized two photons. The created neutron is shown to have the known
properties of the neutron, and in addition, to have a definite shape of definite size.
The proton is described as the particle formed by decay of the neutron, also owning
the observed properties, and in addition a definite shape. For all particles described
by the Ansatz, their properties are consequences of an inner structure. The merits of
the alternative description as compared to the standard model and the application of
quantum mechanics are discussed.

Keywords Quantum mechanics - Particle physics - Particle structure

1 Introduction

In this paper we report on the attempt to describe the elementary particles, elec-
tron and positron, and the photon, in terms of “entities with internal structure”.
This Ansatz is of course alternative to the established quantum field theory (qft)
and to the Standard Model of particle physics (SM). It also implies that the
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formalism of quantum mechanics (QM), which is generally used in all theoretical
treatments of phenomena in microphysics, is not used. As a consequence, para-
doxical quantum phenomena, such as uncertainty relation, wave-particle dual-
ism, nonlocality, etc., do not arise. Insofar as our alternative Ansatz turns out to
be successful, it may therefore establish a better understanding of phenomena in
microphysics. We stress however that, there always should exist a corresponding
description using the established theory.

The hope that, possibly, with the alternative Ansatz these paradoxical quan-
tum phenomena find a natural, understandable, explanation, and that real proper-
ties of elementary particles can be explained by their internal structure, has been
the main motivation for our attempt with the alternative Ansatz. In a similar way
motivated, many physicists have proposed alternative descriptions of quantum
phenomena since the invention of (QM). There exists a vast literature on this sub-
ject [see f.i. [1]], which we do not try to survey here. We only mention contribu-
tions directly related to the material presented here. A very early contribution is
a model of the photon proposed by De Broglie [2]. In this model the photon is
composed of two “half-photons” that move at the speed of light on a path forming
a “double-helix”. Gauthier developed, independently, recently a similar model,
described in [1]. In these models the electron—positron pair of material fermions
is proposed to be formed by splitting the photon into the two “half-photons” upon
contact with matter. The observable main properties of photon and of the fermi-
ons are in these models correctly reproduced, although a superluminal speed of
the “half-photons” is involved, and no explanation of the occurrence of the ele-
mentary charge (e) is offered. Models which explain the spin of the fermions by
a helical motion of a “light-like” particle have been proposed by several authors
[3-5]. All these models have in common that, they involve “automatically” the
so called “Zitterbewegung” (ZBW), which arises also in the Dirac equation. This
fact indicates clearly the close relation between the established description on the
basis of (QM), and the “classical” models. The role of (ZBW) has been the sub-
ject of numerous theoretical studies. An analysis of its role in the Dirac theory by
Hestenes [6] has led to his (ZBW)-interpretation of quantum mechanics (QM),
which explains the complex phase arising in (QM) directly in terms of the phase
of the (ZBW)-motion.

Our model—as formulated so far in several publications [7—10]—resulted from
the attempt to explain the electron-spin (7/2) in terms of the motion of a”light like
particle” without rest mass, but with momentum (p=m c) on a closed path around
a central point in space. It turned out that the average orbital angular momentum
of the “entity” formed by this localization of the light-like particle becomes (h/2).
The rest energy of the “entity” formed is of course equal to (p c=m c?). The closed
path of the light-like particle is characterized by two frequencies, (i) the Compton
frequency w=c/L, with L=0/m c being the reduced Compton wave length, an (ii)
the (ZBW)-frequency ®,=2w appearing in the Dirac theory of the electron. The
other known properties of the fermions, radius, magnetic moment (except for the g-2
anomaly), and De Broglie wavelength are also correctly predicted. The formalism
of (QM), which is generally applied in theoretical treatments in microphysics, is not
used in the model. Therefore, the typical phenomena connected with (QM), namely,
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wave-particle dualism, collapse of the wave function, uncertainty relation, and non-
locality, do not occur.

In a further step it was shown that, by localization of two equal light-like particles
around a fixed point in space, a material particle of rest energy equal to the sum of
the energies of the light-like particles can be formed, and that this particle owns the
main properties of the neutron. Since the neutron decays into the proton, an electron,
and an antineutrino, also properties of the Proton are obtained [10]. For both nucle-
ons, the spin h/2 is predicted, and a charge radius equal to four times their reduced
Compton wavelength. The radius for the proton determined in this way becomes
0.84123 fm, a value which coincides, inside the given uncertainty, with the value
0.84184(70) fm obtained from recent spectroscopic experiments by quantum elec-
trodynamic calculations [11].

The above sketched Ansatz may, in our opinion, be judged as promising in view
of the successes mentioned. On the other hand, there remains a central question:
why should a light-like particle perform a closed path around a fixed resting point
in our three-dimensional space”? This question we will address below, and we will
see that it leads to a model of the photon. And we will further see that, with this
model photon, the role of the photon as a building “entity” for elementary particles
with internal structure becomes conceivable.

2 Photon

A photon has the following observed properties: energy (scalar) E=hw, momentum
p=E/c, and speed v =c (vectors in the same but arbitrary direction), Spin S=h (vec-
tor in direction of its momentum). We attempt to interpret these properties in terms
of an internal structure. The circular frequency (w) suggests an intrinsic rotation in
the plane normal to the momentum that causes the angular momentum. The normal
to this plane is the rotation axis. In one point on this one dimensional line the rota-
tion center is located. The simplest realization of such a rotation arises if two “enti-
ties” with the same, but opposite, tangential momentum circle about the center, as in
the classical two particle problem. The two circling entities then compose our pho-
ton of energy (h ®) in its two-dimensional coordinate system. If we ascribe to each
of the two momenta the energy [(p/2) c], the energy of the photon becomes h @ =p
c. And if we assume the tangential speed of the “entities” on the circle to be (c), the
radius of the circle (L) can be determined from the circular frequency o =c/L, using
o=E/Mh=pc/h, as

L=c/w=hc/pc=nh/p )

This means, the radius of the circle is equal to the reduced Compton wave length
he/E of the photon, provided the equivalent energy E=mc? is ascribed to the photon.
The motion on the circle is caused by the interaction between the two “entities”
on opposite positions, and at opposite velocities. This interaction must be attrac-
tive and compensate the centrifugal force, so that the distance remains constant and
equal to (2L). The total energy (E) contained in the circle is the sum of potential
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energy and kinetic energy, each contributing (E/2). If we assume the attraction to be
proportional to 1/distance, we arrive at the equation

const/(2L) = 1/2hw = hc/2L, sothat const = Ac (2)

Remembering that the elementary charge (e) is related to the fine structure con-
stant o= 1/137.036 by relation e*/hc =, we arrive finally at

Const = q*> = &*/a = 137.036 ¢> 3)

Our interpretation of the observed properties of the photon thus leads to the result
(3), which states that two photons having opposite speed are attracted by each other
as if they had opposite charges (q). But this charge may not be considered as a prop-
erty of the photon, like the electromagnetic charge (e). On the contrary, we will see
that, at parallel momentum, the interaction of our two model photons vanishes.

In the following we want to formulate a mathematical representation of the model
photon. In its two-dimensional plane it is formed by two “entities” of opposite
charges (q) circling at a radius equal to the reduced Compton wave length around
a fixed point on an axis perpendicular to the plane of the circle. Along this axis the
fixed point moves at the speed of light in the direction of the angular momentum
(h) of the circular motion. As viewed by an observer in three dimensional space,
the instantaneous azimuthal orientation of the two “entities” remains fixed, so that
the sum of their momenta is just momentum (p=E/c) in direction of the axis. The
possible positions of the two “entities” during the time span of one period of the
circular motion, T =27/m, may be visualized by a “static”, i.e., not rotating backward
double-helix of length A=2xL, and radius (L), moving at the speed of light in direc-
tion of its spin vector of length S =h. When the double helix passes the observer, he
observes the two-dimensional circular motion of the “entities”. The positions are
described by the vectors

rl = L{cos(w|ty — t]), sin (@[t, — 1] ), ct/L};

r2 = L{-cos|ty — t], —sin[ty — t], c t/L} @
with (t,) the arbitrary time point when the photon passes the observer, and ®=c/L
the frequency of the photon. In Fig. 1 the traces of rl and r2 forming the static
double-helix that moves at the speed of light, and the closed paths of the quanta,
R/2=(r1 — r2)/2, which form a circle around any fixed point on the axis when the
static double helix passes. For the time span of T=2m/w, the observer notices a
wave-like disturbance caused by the charges (q).

Qualitatively, we may state that, we have explained the properties of the pho-
ton by an inner structure represented by the traces of the two constituent “entities”
whose properties are the properties of a photon, except for their energy, which is
half the energy of the photon formed.

We point out that, the model-photon has “automatically” no rest mass, because it
is defined as an “entity” that moves at the speed of light in three dimensional space.
In the two dimensions of its rotation plane, on the other hand, it is located at rest,
and has rest energy (E), and equivalent mass m=E/c*. The energy is a property of
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(r1-r2)/2

Fig. 1 Parametric plot of the traces rl and r2 of the two quanta forming the static double helix which
moves at speed (c) in Z-direction. The coordinates are given in units of the Compton wavelength (L). At
any point in three dimensions on the axis of the double helix, the two quanta circulate in the X—Y-plane
at speed (c) around the axis, as visualized by the trace (rl —12)/2
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the photon in both, two- and three dimensions, because the two “entities” involved
have momenta p=E/2c in both dimensions, and only their path is different. From
this consideration it seems natural to assume that paths of the two “entities” around
a fixed center in three dimensions should also be possible. The resulting “object”
would then have rest mass (E). In other words, it would be an elementary “material”
particle with internal structure. Below we describe our attempt to find the paths that
form the material fermions with spin-1/2 in this way.

But before, we would like to point out remarkable consequences of our Ansatz
that follow from the results so far. We notice that, the properties assumed for the two
“entities” in our photon model, are exactly the same as those of the photon formed
by them, except for their energy, which is half the energy of the photon formed. We
therefore may conclude that, according to the model, a photon is represented by two
photons of half the energy of the photon represented. These two photons are posi-
tioned on a circle of radius equal to the Compton wavelength of the photon formed.
Since each of these two circling photons is again represented by two photons at a
distance of its Compton wave length, and so forth, the very existence of one photon
in two-dimensional space has an effect on the whole two-dimensional space up to
infinite distances. In case of the existence of a resting “object” represented by two
photons in closed paths around a fixed point in three-dimensional space, therefore, a
similar effect on the whole three-dimensional space may be predicted. An identifica-
tion of this effect in terms of the gravitational force would be interesting, because it
would imply the direct connection between quantum-physics and general relativity,
the gravitational field being caused by the “shielded” strong force between photons
that have opposite momenta at distances of the order of their Compton wavelength.

3 Electron and Positron

If two photons of the same energy approach each other in such a way that, their static
double helices described above (see Fig. 1) meet at some point in tree-dimensional
space, we have two circles each circle describing two photons circling in the same
plane around their center. For clarity, we will call these circling photons “quanta”.
There are four such quanta. If the two centers are separated by a distance equal to
twice the Compton wave length (L) of the colliding photons, we have a situation
visualized in Fig. 2.

The angular momentum of the collision system is (h) in direction (Z) perpen-
dicular to the collision plane. We notice that, at the appropriate relative phases of
the circular motions, two of the four quanta will meet at the collision center during
the collision event, which takes a time span of one period (t=2xzL/c). This “meet-
ing” may be considered as the collision of two photons of equal energy and wave
length. According to the established experimental knowledge on such a “Comp-
ton scattering” event, the wave length of the two photons may change, depending
on the scattering angle. We consider the case of a scattering angle of 180 degrees,
which is equivalent to an exchange of the quanta and their momenta. As indicated in
Fig. 2, such a collision causes a “stopping” of the two photons in three dimensional
space, and to a change of the internal motion of their two quanta. Since the angular
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Positron Photon2

Photon1 Electron

Fig.2 The figure shows the situation when two photons meet in such a way that, during the collision,
their quanta collide in the collision center. It is assumed that the two colliding quanta exchange their
momenta, so that two not-interacting systems are formed, each being composed of two quanta that circle
around a resting center. These two resting entities are the two fermions, each having spin-1/2 into the
same direction perpendicular to the collision plane, so that the angular momentum (h) of the collision
system is conserved

momentum of the total system is (h) perpendicular to the collision plane, the angular
momentum of each of the two stopped systems has to be (1/2) in the same direction,
as indicated in the figure. We will consider one of the two fermions, the other one
being the anti-fermion. Within the model, we may require that, the speed of the two
quanta involved have a speed along their path that is equal to the speed of light, that
their path is closed around the center, and that the positions of the two quanta are
opposite, i.e., r2=— rl. These requirements are fulfilled by the following position
vectors.

rl = L/2{(1 + cos[mt]) cos[wt], (1 + cos[wt]) sin [t], cos [w,t] },and
2 =-rl
(%)

In Fig. 3, the meaning of these quantities is indicated.

The frequency o,=2c/L is the (ZBW) of the Dirac equation. We found the path
by applying the photon model described above. A parametric plot of the position
vectors of the two quanta during the period T=2n/wm,, calculated with relation (5),
is shown in Fig. 4a. The resulting path we will call a “String”. It represents the
“entity”, which rests in (3D)-space and is formed by two photons in closed paths
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Fig.3 The figure shows the quantities used to describe the paths r1, and 12, of the two quanta circling the
resting center. Both quanta follow closed paths in opposite directions, so that they are attracted by each
other with the strong force proportional to q>=Hh c. The angles (3, ¢) are correlated by 8= o, tand =,
t, with o =20, and the rotation frequency around the (Z)-axis is o,=c/L

Fig.4 a The String representig a single Fermion. It shows the paths of the two quanta that circle the
center in closed loops, at opposite postions and with opposite speed. b The “statistical fermion”obtained
by averaging over possible initial conditions. Its shape is a Clifford Torus on whose surface the paths of
the quanta are positioned.The coordinates are given in units of (L)

around its center, so that the rest energy of the “entity” is just the energy E=2 pc/2
of the two photons. It is worth noting that, a point on the String is determined by
10 parameters, 9 spatial coordinates and the time. Due to cylindrical symmetry, the
azimuthal orientation of the entity is arbitrary, so that the “statistical” entity is the
average over the azimuth. The shape that arises for the statistical entity using (5) is
a so called Clifford torus, shown in Fig. 4b. On the surface of it, the paths of the two
photons are positioned.

The String determines properties of the “entity” if these properties can be
expressed as functions of time during the period (t=2n/w,). The properties are
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Fig.5 a The angular positions of the angular momentum during one period for the string of a single Fer-
mion. b The angular positions of the angular momentum during one period for the “statistical” fermion.
The coordinates are given in units of (h)

then determined as an average over the period. To determine the average angular
momentum, we need the time dependent momentum that each of the two quanta
receives in the collision event. The contribution of the two quanta to the angular
momentum of the entity have the same direction, so that the total instantaneous
angular momentum of the entity becomes

S(R(t)) = Cross[R(t), P(t)] 6)

with P=2pc=(m/2) c{— sin[w, t], cos[w, t], 0} =(m/2) v, R=rl — 12, p=m/4 the
reduced mass.The expression “Cross” in (6) indicates the cross product of the two
vectors. The average as calculated using relations (5) becomes

% g S(R(dt = {0, 0, h/2} N

The time dependent angular momentum can be visualized by a parametric plot
of S(R(t)). It Is shown in in Fig. 5a, together with the azimuthal average, which
is a sphere of radius (h/2) around the vector {0, 0, h/2}, as shown in Fig. 5b. The
same average momentum vector is obtained for the anti-fermion.

We now assume that the described fermion is an electron with charge (— e).
This assumption may be made in our model without a violation of constancy of
total charge, because in the formation process the opposite charge (+e) is cre-
ated in the other fermion, the positron. A slight influence on the paths of the two
quanta that exchange in the course of their “meeting”, may imply the creation of
opposite electromagnetic charges (+e) (see relation (3)) on the two fermions if
the condition rl1 =— r2 of their quanta is slightly violated. We postpone a more
detailed discussion of this exchange process, and ascribe the charge (— e) to the

@ Springer



41 Page 10 0f 19 Foundations of Physics (2022) 52:41

fermion string (see (5)). This means, we ascribe (q — e/2) torl, and (— q — e/2) to
r2. The total charge is then (— e), and a current (I=— e v) arises along the closed
loop of the quanta. This current creates a magnetic moment (i) which can be cal-
culated by integration over one period (t=2n/w,). The result is

u= (%) g wm = e% = pp(Bohr Magneton) (8)

This is the exact magnetic moment of the Dirac electron, including the g=2 fac-
tor. So far, all results obtained for the model are independent of the mass. Therefore,
the String (5) with the charge (— e), and the spin S= {0, 0, h/2}, may be considered
to be a representation of the electron, if the mass is chosen appropriately. For the
muon the equivalent magnetic moment is therefore predicted. Experimentally, the
value of the magnetic moment has been determined with high accuracy, and is given
by p=pg(1+0.0011600...)=pg(1 +a) [12]. The “anomaly (a)” is half the so called
(g-2)-anomaly, and should be independent of mass according to (QFT). In contrast
to this prediction, for the muon the experimentally determined anomaly is signifi-
cantly different, and has a value of a=0.001165 [Codata recommended value].
This fact indicates a mass dependent effect, which is up to date unexplained within
(QFT).

In the frame of our model, a deviation from result (8) is expected, because the
effect of the creation of charge (— e) on the string was neglected. Although a better
approximation is probably possible, we will limit ourselves to the introduction of
a slight change of the distribution of the charge (— e). Instead of ascribing (— e/2)
to each quantum, we ascribe (— e/2)(1+d cos[w, t]). This means, we introduce a
dependence of the charge carried by the quanta on the distance from the center.
The total charge is not changed in this way, and the calculated magnetic moment
becomes

u = pg(l+d/2) ®

By setting d/2=a/(27) — (a/(27))? the anomaly becomes a=0.0011600..., in per-
fect agreement with the above given experimental value for the electron. The same
value is of course predicted for the muon if the same mass-independent distribution
is used. However, a mass dependent distribution does not seem to be a priory impos-
sible. If d/2 is set to d/2 =a/(2n) + (/(27))?, the anomaly becomes a=0.001164...,
in good agreement with the above given CODATA-value for the muon. As a specu-
lation, we mention that, since the String includes the point R=0, where the two
quanta have the same position, the mass dependent effect of gravitation could per-
haps explain the different anomalies. To our knowledge, (QFT) does not offer a solu-
tion to the problem.

In the following we will discuss briefly the so called (EPR)-paradox [13] in the
frame of our model. The paradox for the case of a pair of electrons with opposite
spin directions is described by Bell in [14]. It concerns the correlation of spin states
of the single electrons after separation of the pair as predicted by (QM). These
predictions are generally accepted to be in total agreement with experiment, but
their interpretation implies a paradoxical “non-local” interaction of the separated
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electrons. Bell [14] showed with his famous Bell- inequalities that, no “realistic
local hidden variable” model can yield the correct correlation, which supports the
“non-locality” implied in (QM). Remarkably, our model is such a total realistic
“local” model, and we will show that it still predicts the correct correlation for the
separated pair of two electrons, and thus violates the Bell-inequalities. In addition,
it offers a realistic explanation of the well-known “collapse paradox” implied in the
description of measurement in quantum mechanics.

In our model the electron is represented by the string Rp=(rl —12)/2 (see rela-
tion (5) and Fig. 4a), and by the corresponding angular dependent spin vector (see
Fig. 5a). Its partner electron of the pair with opposite spin is represented by the
string Rpp=— R, and by the angular dependent spin vector represented by the trace
shown in Fig. 5a rotated by 180° about the x- or y-axis. We point out a significant
difference to the singlet state defined in (QM): In (QM) the singlet state has cylindri-
cal symmetry with respect to the spin axis, while in our model the strings defining
the state have azimuthal structure. The cylindrical symmetry is obtained by averag-
ing over equally distributed azimuthal orientations of many systems, as shown in
Fig. 4b for one electron of the pair.

The general experimental situation, for which the angular correlation between the
probabilities (w1, w2) for the detection of the same spin vector for the two partners
(1,2) of a singlet-system in two detectors (1,2) is determined, is the following: There
is a source which produces singlet pairs of two fermions, and there are two detec-
tors using magnetic fields that point into different directions n(81), and n(32). A
coincidence condition allows to identify the partner particle (2), if the particle (1)
has been measured. There is no influence on the partner particle during the time
span between the measurements in the two detectors. In the fields of the detectors,
there are only two possible states (+), or (—). If a particle(1) is detected in the (+)
state in the field directed in direction n(31), the probability for particle (1) of the
singlet system selected by this detection, is trivially wl+=1. If the partner particle
resides in detector (2), it can be in the (+)-, or the (—)-state in the field in direction
n(92), with probabilities w(2+), and (w2—). The correlation function is then given
by c(f)=(wl+)(w2+)=w2+, with (p) being the rotation angle between the fields of
the detectors.

This correlation function is easily obtained in our model from the static trace of
the time dependent angular positions of the Spin vector trace (see Fig. 5a), as out-
lined below:

Anyone of the electrons of the singlet systems in detector(1), whose magnetic
field is oriented in (Z)-direction of the figure, may be in the state characterized by
the trace shown, whose average over the period yields S=h/2. If it is detected, it
has been with certainty in the (4) state, so that wl+=1. Due to the singlet condi-
tion, the partner particle(2) selected in this way is characterized by the trace that
yields S=— h/2. If it is detected in detector(2),whose field is parallel to the field of
detector(1), it will with certainty be detected in the (—)state so that w2—=1, and
w2+ =0, leading to c(0) =(w1+)(W2+)=w2+ =0. If the rotation angle differs from
zero, both, the (+)-, and (—)- state, are formed in detector(2), so that only an expec-
tation function for the two states can be obtained from the Spin vector trace char-
acterizing the partner(2) particle. This function we obtain from a calculation of the
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Fig.6 The correlation function 1
derived from the “realistic,

local, hidden variable model”. It 0.8
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average of the spin angular momentum of partner particle(2) in direction of the field
in detector(2). We obtain

F(p) = 1/t [ =S(t) x n(B)dt = —h/2 cos[p] = h/2(sin*[p/2] — cos*B/2)
0
(10)

In (10) the expression —S(¢).n(f) indicates the scalar product of the two vectors,
i.e. the projection of the time dependent spin vector of partner particle(2) onto the
direction of the field in detector(2).

Since the value of the angular momentum in both possible states is (h/2), the
result (10) means that with probability w2+ =sin’[/2] the (+)-state is populated.
And with probability w2—=cos?[f/2] the (—)-state is populated. This leads to the
correlation function

c[B] = (Wl+) (W2+) = sin*[/2] (11)

A plot of the correlation function is sown in Fig. 6.

This correlation function is also the recently experimentally verified result, and
the result obtained in quantum mechanics, where the correlation is obtained via the
Born-rule as overlap between initial- and final state wave functions of the entangled
system of two particles. As an interesting aspect we mention, that our result (11)
can also be obtained as the overlap of initial- and final state- distributions of partner
particle(2) in the field of detector(2). The “entanglement” necessary in (QM) is, in
our description, implied in the strict correlation of traces of particle(1), and of part-
ner particle(2), which are simply properties of the particles independent of their dis-
tance. The result (11) is obtained using probabilities, which is appropriate, because
the experimental result is obtained by evaluating the outcome of many events. On
the other hand, in reality, the single event ought to lead to one of the partner parti-
cle(2) states, either the (+)-state, or the (—)-state. This is the situation also implied
in our model: for exactly known initial conditions of the static trace describing the
partner particle(2), and for exactly known conditions of the time dependent mag-
netic field the particle(2) is subjected to when it enters the detector(2), it is, in prin-
ciple, possible to calculate the transition from the initial state to one of the two final
states. Since the magnetic field used in detector(2) is extremely weak compared to
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the field determining the trace of the particle(2), the transition may be viewed as a
slow rotation of the trace from its original orientation into the orientation of one of
the two possible final states. In a way, this slow transition predicted by the model,
is an example of the “collapse” of the initial state wave function into the final state
wave function appearing in the quantum mechanical treatment.

Based on our model, we conclude that the treatment of the measurement process
by (QM) cannot be complete, because the wave function describing the singlet sys-
tem does not distinguish azimuthal orientations of the system relative to the detector
field, whose orientation defines a certain azimuthal angle. The reason why the pre-
dicted result of the correlation agrees with experiment, is due to the fact that, also
the experiment does not distinguish between different azimuthal orientations of the
systems selected by detection of one electron in derectorl. Therefore, both, (QM)
and the experiment, concern an ensemble of pairs, so that a description of a transi-
tion in a single event is impossible, and the measured result appears as a “collapse”
of the initial state into one of the possible final states. In contrast, the model uses
two strings with coordinated azimuthal structure to describe a selected single singlet
pair, as outlined above. Since the detector2 is oriented in direction of a certain azi-
muthal angle, selected systems with arbitrary azimuthal orientation have different
relative azimuthal orientations, leading to different contributions to the population
of the possible two states in detector2. The actual measurement process in case of a
single electron in a prepared spin-state may be described as the rotation of the string
(see Fig. 4a) with its spin-vector in Z-direction, into an orientation having its spin-
vector in one of the two possible spin states in the field direction of the detector. The
magnetic field of the detector exerts a force on the string and “opens” its closed path
inducing a rotation, until its spin is aligned with the field and the string is closed
again. The spin vector S=h/2{0,0,1} (see (7)), after rotation into direction (f,¢) of
the detector field, is expressed by SD=h/2{sin[f] cos[d], sin[p] sin[¢p], cos’[p/2]}.
A calculation of the average of (SD) assuming equal distribution of ¢-orientations,
yields

SD(av) = 71/2 {0,0, /2 cos*B/2] } for the (+) — state and
SD(av) = 7/2{0,0, h/2sin* [ /2] } for the (+) — state

meaning that, with probabilities w(+)=cos’[p/2], and w(—)=sin’[/2], the spin of
the detected electron is aligned with the two possible directions in the detector field.

This is of course the same result as obtained above (see (11)) for the experimen-
tal situation, but it is obtained by averaging over single events for each of which a
smooth transition from the initial state to one of the observed states occurs. Due
to the very short period t=Ac=0.8 1072! s (\: Compton wave length of electron)
of the closed motion of the two constituents forming the string, the rotation of the
string in the detector field involves many periods (t), and only slightly opened
strings. The string, therefore, remains virtually “intact” during the rotation, and the
measurement process may be viewed as rotation of an electron with its intrinsic spin
from initial to final state.

The main result we emphasize is the fact that our “local, realistic hidden vari-
able model” yields the correct correlations in EPR- type experiments. A result
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which contradicts the Bell inequalities [14], and resolves the EPR-paradox [13].
Here it should be mentioned that, under the assumption of a spherical dependence
of the orbital angular momentum, as shown in Fig. 6b, the result (11) has earlier
been obtained [7], together with the statement that this violates the Bell inequali-
ties. The model described here supports the earlier assumption. Finally, it should be
mentioned that the failure of the Bell theorem has already been claimed [15]] for the
case that “Clifford Algebra Valued Local Variables™ are used in the Bell equations.
This general mathematical statement is supported by our model which uses such
variables.

4 Neutron and Proton

We consider again the situation where two photons of the same energy meet at a cer-
tain time point in three dimensional space (see Fig. 2). But in contrast to the assump-
tion we made above to explain the creation of the fermions, namely that two of the
four involved quanta exchange their momenta, we consider the case where they scat-
ter with a scattering angle of 90 degrees into the (Z)-direction perpendicular to the
scattering plane. According to the established theory of Compton scattering of two
photons of the same energy the two photons keep their energy in this event. As a
consequence of this scattering event in the resting center of the four quantum sys-
tem, there remains a common rotation of all four quanta around the rotation axis (Z)
with frequency w,=c/2L, while the original frequency of the two photons, w,=c/L,
does not change. Following this argumentation we arrive at the following position
vectors for all four quanta.

rl = L{ (1 + cos[w[t]) cos[a)ct] s (l + cos[wtt]) sin [a)ct], sin [a)tt] };

12 = —rl;

12
13 = L{(1 = cos|wt]) cos[w.t], (1 = cos[mt]) sin[wd], sin[wt] }; 12)
r4 = —r3;

The doubly occupied Strings rl, and r3 are visualized as parametric plot in
Fig. 7a, b, and the String r1-r3 which represents the common correlated motion of
all four quanta, is shown in Fig. 7c.

The shape of the entity formed is obtained as the average of the Strings R1 and
R2 over initial conditions, i.e. as the average over the azimuth. It is again the Clif-
ford torus (see Fig. 5). Its radius is Ry=2L =2 h/(m c)=4h/(2mc)=4h/(Myc) wit
My, being the mass of the four-quantum entity. The angular momentum of the entity
is obtained by averaging the instantaneous spin vector Cross[R, p] over the period
2n/w.. The momentum vector (p) to be used in the expression of the spin vector is
the momentum of the reduced mass of one of the two two-particle systems, and is
given by p=(m/4) c{—sin[w, t], cos[w, t], 0}. The result is S={0, 0, h/2}. The two
Strings contribute both h/4.
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Fig.7 a and b The two strings, R1=(r1 — 12)/2, and R2=(r3 — r4)/2, respectively, and ¢, the string
R=R1-R2

If the mass My is chosen to be the mass of the neutron, the neutral entity formed
in the way outlined above, with spin =h/2, may be identified with the neutron. It has
the shape of a Clifford torus and a radius (Ry) of four times its reduced Compton
wave length. With the known value of that wavelength, the model therefore predicts
for the neutron

Ry = 0.84008 fm (13)

Although the neutron has no charge, it has a magnetic dipole moment of
pn=—1.9130 p, with p,=eh/(2My). In our neutron model the Strings are neutral
because the strong charges +q involved compensate each other exactly, so that no cur-
rents arise during the closed path. However, from the outline given above of our model
of the fermions, it is to be expected that, due to the interaction in the center of the
system, a position dependent charge of the form (Q=—e d cos[w, t]) arises for the com-
mon string of our four quantum system. The total charge of the system then remains
zero, while the strong charges (+q) involved are differently distributed, leading to a
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current (I=Q v). We now ascribe the charge (Q) to the String R=r1—r3, and calcu-
late the magnetic moment as the average of (Cross[R, Q v]/2) by integrating over one
period (t=2n/w,). The result is

py = —2den/(2My) = —2dug (14)

If we set d=1, the result is close to the experimental result given above. This sug-
gests, that the charges (+¢€) to be ascribed to the Strings of electron and positron are
caused in a similar way as in the case of the four quantum system. If we set

d=1- (\/g + g), a value of the magnetic moment of the neutron of

iy — 1.91275 (15)

is obtained, which agrees excellently with the experimental value.

Since the proton is formed from a neutron that decays into a proton, an elec-
tron, and an antineutrino, we assume as an approximation, that its representation
by strings is essentially the same as for the neutron, except for the known mass dif-
ference and the charge (4¢). This means our proton model predicts a radius of four
times the Compton wave length of the proton. With the known value of the Compton
wavelength, this leads to the radius

Rp = 4h/M, = 0.84123 fm (16)

which agrees within the given limits of error with the most recent experimental
result [15]. This result has already been reported in our earlier paper on the proton
model [10] where a “light like particle” was used instead of the model-photon intro-
duced here. The magnetic moment of the proton is partly due to the positive charge
(+e), and partly due to an expected modified charge distribution, which does not
contribute to the total charge, as introduced in the case of the neutron. A calculation
using relations (12), results in a contribution of the positive charge (+¢) of (+4 p).
Together with the contribution caused by the unmodified Charge distribution (see
(14)), this leads to pp=2 d p,. This differs significantly from the experimental value
of pp=2.7913.. p,. This difference suggests a modification of the charge distribu-
tion due to the extra charge. It is obviously weaker than in the case of the neutron,

whered =1 — <\/§+ %>led to (15). If we setd =1/2 + \/E+ 2a, we arrive at a

magnetic moment for the proton of
pp = 2.8000 p, (17)

Both model nucleons have the shape of a Clifford torus, which is obtained by
averaging the Strings R1 and R2 over azimuthal angles. They have further an outer
radius of four times their Compton wavelength, and an average spin angular momen-
tum of ©/2. In the absence of interactions, these properties are permanent. Remark-
ably, there is no hint of quarks, which compose the nucleons in the standard model
of particle physics.
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5 Summary and Conclusions

Our attempt to describe the photon with its observed properties in terms of an inter-
nal structure, has led to the conclusion that the described model photon has internal
structure because it is formed by two photons of half the energy circling around each
other in a two-dimensional plane. If the attractive force enabling the circular motion
is described by opposite charges (+q) of the photons, this charge turns out be given
by q = \/ﬁ = e/4/a, and the radius of the circular motion is equal to the Comp-
ton wave length of the photon described. In three-dimensional space, the photon is
described by a static double helix of the positions of the two constituent photons,
which moves at the speed of light in an arbitrary direction, and causes at an arbitrary
point a wave-like disturbance that lasts the time span of one period of the circular
motion in two dimensions.

‘We showed that, in a collision under certain initial conditions two of these model
photons of equal energy can create a fermion and an anti-fermion, both resting in
space, and each having the rest energy of one of the photons. The created fermi-
ons have the properties known for electron and positron. The formation process is
mass independent, and conserves the angular momentum of the collision system.
The properties of the electron result from an internal structure which is represented
by the closed path followed by the two constituent photons. This path is called a
“String” which is occupied by two photons on opposite positions, and at opposite
velocities. A position on this String is determined by 10 coordinates: 9 spatial coor-
dinates, and the time. Calculations using the String yield (i) spin of (h/2), (ii) radius
equal to the reduced Compton wave length of theparticle, and (ii) magnetic moment
equal to one Bohr magneton. The anomaly is ascribed to an assumed charge distri-
bution. The shape of the String, when integrated over possible initial conditions, is
a Clifford Torus. If a singlet-system of two electrons is described using the model
Strings for the (+)-state and the (—)- state, the correct angular correlations of spin
directions measured in two different detectors are predicted. This implies a violation
of the Bell inequalities.

It is further shown that, in a collision of two model photons of equal energy and
opposite momenta at slightly different initial conditions as compared to the condi-
tions that can lead to the formation two fermions, a resting system can result, which
has the properties of the neutron. The radius of this compound system is four times
its reduced Compton wave length, which amounts to Ry=0.84008 fm. This is, to
our knowledge, the first theoretical prediction of the neutron radius. The model neu-
tron can be represented by two Strings that are centered around a common, resting
origin. When integrated over possible initial conditions, the Strings become again
a Clifford Torus. A magnetic moment of py=-2 p is predicted. It is ascribed to a
distribution of the charges (+e¢), which leads to a net charge equal to zero after inte-
gration over one period of the closed paths of the constituent photons.

The proton is described using the fact that it is formed via the neutron, which
decays into a proton, an electron, and an anti-neutrino. We used the same Strings,
except for the different mass, and we accounted for the extra charge (e). This descrip-
tion resulted in the prediction of a radius of four times the reduced Compton wave
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length of the proton Rp,=0.84123 fm, a value which agrees with the most accurate
result obtained from spectroscopic experiments for the charge radius of the proton
of R,=0.84184(70) fm. A simple addition of the contribution of the extra charge (e)
to the magnetic moment of the neutron leads to pp=2p,. It is shown that, a slight
change of their charge distributions leads for both, neutron and proton, to perfect
agreement of the calculated magnetic moments with the experimentally determined
ones.

Considering the mentioned result we obtained with our alternative Ansatz, we con-
clude that, a rather comprehensible and consistent “quantum world” arises in which the
photon with its internal structure plays the role of a building block for the formation of
the material fermions, the nucleons, and for their internal structure which explains their
properties. Quantum mechanical methods are not applied, so that the notorious para-
doxes implied in these methods do not arise. Prominent examples are, the simple expla-
nation of the EPR-paradox, and the explanation of the “wave function collapse” caused
by measurement. Remarkable is the direct accessibility of some properties, f.i. radius
and shape of the particles. In case of the neutron, the radius has, to our knowledge, not
been predicted in the frame of the standard model, and experimental determinations
have been limited to the charge radius. From binding properties in nuclei a value of ca.
1.7 fm is estimated for the diameter, so that the predicted value of 0.84008 fm, together
with the predicted Clifford-Torus shape, is new information on a central particle.

Finally we point out that the model resulting from the Ansatz as presented here, does
not account for the observed anomalies. From the way in which the mass dependence
of the anomalies observed for electron and muon can be introduced into the model, it
is suggested that, a more accurate treatment of paths of quanta at small distances could
improve the predictive power of the model. Possibly, such a mass dependence could
also be the answer to the unsolved question of the mass spectrum of existing elemen-
tary particles.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licen
ses/by/4.0/.

References

1. Gauthier, R.: Quantum-entangled superluminal double-helix photon produces a relativistic superluminal
quantum-vortex Zitterbewegung electron and positron. J. Phys. 1251, 012016 (2019)

2. De Broglie, L.: The Revolution in Physics: A Non-mathematical Survey of Quanta. Noonday Press, New

York (1958)

Weyssenhof, J.: On two relativistic models of Dirac’s electron. Acta Phys. Pol. 9, 47 (1947)

Barut, A.O., Sanghi, N.: Classical model of the Dirac electron. Phys. Rev. Lett. 52, 2009-2012 (1984)

5. Pavsic, M., Recami, E., Waldyr, A., Rodrigues, G., Jr., Maccarone, D., Raciti, F., Salesi, G.: Spin and elec-
tron structure. Phys. Lett. B. 318, 481488 (1993)

o

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Foundations of Physics (2022) 52:41 Page 190f19 41

o~

hed

11.
12.

13.

14.
15.

Hestenes, D.: The Zitterbewegung interpretation of quantum mechanics. Found. Physics 20(10), 1213—
1232 (1990)

Niehaus, A.: A probabilistic model of spin and spin measurements. Found. Phys. 46, 3-13 (2016)
Niehaus, A.: Zitterbewegung and the electron. J. Mod. Phys. 8, 511-521 (2017)

Niehaus, A.: Quantum interference without quantum mechanics. J. Mod. Phys. 10, 423-431 (2019)
Niehaus, A.: An alternative model of proton and neutron. J. Mod. Phys. 11, 285-293 (2020)

Pohl, R., Antonigni, A., Nez, F., et al.: The size of the proton. Nature 466, 213-216 (2010)

Odom, B., Hanneke, D., D’Urso, B., Garielse, G.: New measurement of the electron magnetic moment
using a one-electron quantum cyclotron. Phys. Rev. Lett. 97, 030801 (2006)

Einstein, A., Podolski, B., Rosen, N.: Can quantum-mechanical description of physical reality be con-
sidered complete? Phys. Rev. 47, 777-780 (1935)

Bell, T.S.: On the Einstein-Podolski-Rosen paradox. Physics 1, 195-200 (1964)

Christian, J.: Disproof of Bell’s theorem by Clifford algebra valued local variables, https://arxiv.org/abs/
quant-ph/0703179 (2010). Accessed 22 Apr 2010

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer


https://arxiv.org/abs/quant-ph/0703179
https://arxiv.org/abs/quant-ph/0703179

	Trying an Alternative Ansatz to Quantum Physics
	Abstract
	1 Introduction
	2 Photon
	3 Electron and Positron
	4 Neutron and Proton
	5 Summary and Conclusions
	References




