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Comprised of rods and clocks, a reference system is a mere intermediary between the

motion that is of interest in the problem and the motions of auxiliary test bodies the

reference system is to be gauged with. However, a theory based on such reference sys-

tems might hide some features of this actual motion-to-motion correspondence, thus

leaving these features incomprehensible. It is therefore desirable to consider this corre-

spondence explicitly, if only to substantiate a particular scheme. To this end, the very

existence of a (local) top-speed signal is shown to be sufficient to explain some peculiar-

ities of the weak interaction using symmetrical configurations of auxiliary trajectories

as a means for the gauge. In particular, the unification of the electromagnetic and weak

interactions, parity violation, SU(2)L × U(1) group structure with the values of its cou-

pling constants, and the intermediate vector boson are found to be a direct consequence

of this gauge procedure.

1 Introduction

We shall apply a direct motion-to-motion gauge to the elec-

troweak interactions. In so doing, our sole tool is the counting

of the numbers of the top-speed signal oscillations in order to

arrange test particles in special configurations of their trajec-

tories possessing a particular symmetry. First we shortly re-

view the basics of the motion-to-motion measurements

(Sec. 1). Second we introduce compact symmetric configu-

rations suitable for the gauge (Secs. 2, 3). Third we apply

this gauge to construct a regular lattice suitable to unambigu-

ously transport the (integer) value of the electric charge unit

over the space-time and find that parity violating weak inter-

action is a necessary component of this (Sec. 4). In the Sec.

5, we describe some other applications of the gauge. The bur-

den of the argument is as follows. The cube-star arrangement

of electron and positron trajectories allows for the construc-

tion of a regular gauging lattice only under some conditions.

In particular, it turns out that the particle charges must be al-

tered, so as to let them leave the gauging cell intact notwith-

standing the residual uncertainty pertinent to the gauge. Aim-

ing at the finest lattice, we have found its minimal cell size

required for the gauge. This size defines the range which is

free to introduce an additional (“weak”) interaction having no

effect on the gauge itself. We can use this additional interac-

tion to realize the necessary charge conversion (the electrons

into the neutrinos). However, the top-speed signal oscillation

numbers define not a single but two trajectories, and we have

to provide the weak interaction with the property to select one

of them. This interaction must depend on spin and contains

parity violation as a necessary ingredient of electric charge

gauge and transport.

2 Motion gauged with auxiliary motion

Ultimately, mechanics is based on comparing a trajectory of

the body which is of interest in a problem to the trajectories

of test bodies that are measuring force in the related points.

Applications of the scheme also require a means to follow

motions of the body. Otherwise, one could never be sure (in

the absence of instant communication) that at a later moment

it is the same body rather than a similar one. To this end,

a top speed signal must exist in the scheme for not to loose

the object upon its possible accelerations. In the conventional

version, the required comparison is being carried out via an

intermediate reference system comprised of rods and clocks.

However, finally the real devices designed to measure the tra-

jectories of bodies are to be gauged with the use of some stan-

dard motions. Thus, narrow light rays or free fall are used to

determine whether or not the rod is rectilinear, and clock read-

ings are to agree with astronomical and/or atomic processes.

So, a reference system comprised of rods and clocks is just

an intermediary in the comparison of one motion to another.

One could guess that this intermediary might either add some

features of its own to the gauge or, on the contrary, hide some

important information in cases when the standard procedure

is used beyond its traditional scope. It is therefore desirable

to dispense with any intermediary so as to gauge motions di-

rectly, if only to obtain a criterion of suitability of the inter-

mediary. To this end, many authors attempted to define the

structure of space-time solely in terms of trajectories. In par-

ticular, natural topologies have been proposed to conform to

the special role of the time axis [1-5]. A drawback of some

of these approaches is the premise of a four-dimensional dif-

ferentiable manifold for the space-time a topology to be in-

troduced in. (However, the very idea to construct open sub-

sets out of all trajectories, rather than of only free ones, and

to deduce space-time properties, e.g., its dimension, out of

their intersections was already considered [2].) Furthermore,

topology is a too general structure, and practice requires more

details. Thus, in order to define metrics based on a subset of

trajectories, it was proposed to eliminate rigid rods (see, e.g.,

[6] and references therein); still clocks, at least in the form of

affine parameters, seemed unavoidable.

50 Felix Tselnik. Motion-to-Motion Gauge for the Electroweak Interaction of Leptons



Issue 1 (January) PROGRESS IN PHYSICS Volume 11 (2015)

But then, trajectories cannot be taken as primary entities

in a theory to be developed from scratch, even though they

might be considered directly observed (contrary to empty

space-time!). It must be explained why just the trajectories of

bodies are of particular interest rather than arbitrary changes

in nature. Already in the Einstein’s picture of the space-time,

the event is defined as the intersection point of world lines

of particles or of light pulses. This approach was further

developed by Marzke and Wheeler [7]. In actual fact, pri-

mary definitions must be substantiated by the intended ap-

plication of the theory, and therefore they must arise directly

from the desirable statement of the problem, that is, to be ax-

ioms rather than hypotheses. Of course, a general uncertain

concept of event cannot be basic for technical use that aims

at a method to provide predictions, and therefore mechanics

offers a particular kind of event, namely, contact (collision).

The idea is to leave aside the question as to what results from

the contact, assuming instead that nothing will happen, pro-

vided the contact does not occur. Whereas the notion “mate-

rial point”, i.e. “infinitesimal body”, requires a preliminary

concept of metric, the concept of contact is self-contained:

the contact either exists or not. Only such problems are al-

lowed for the analysis in mechanics. To this end, we define

trajectories merely as a means to predict whether or not the

contact of interest will occur in a particular problem upon

detecting only some auxiliary contacts to be appropriately se-

lected. Each trajectory possesses its own linear order, since

it is introduced just for step-to-step predictions. This order

introduces the topology of a simple arc on the trajectory to

provide the basis for emerging structures. For this to be pos-

sible, we have to prepare a set of auxiliary (standard) trajec-

tories in order to encode final, initial and intermediary states

(contacts) solely in terms of these. Yet the choice of standard

trajectories needs an explanation of its own. Can we dispense

with geodesics? What properties of these are actually neces-

sary for the scheme? Might these properties be deduced from

meager information?

A reliable concept to begin with is the communication of

bodies with a top speed signal (which is necessary anyway

to follow motions of the body, while ensuring its unambigu-

ous identification). Top speed signal can be defined indepen-

dently of any general concept of speed. Consider two bodies

A and B, the problem being stated of whether or not they will

come into contact. Let A contact with an auxiliary body X

which then contacts with B. Among these X’s we look for the

first to reach B, whatever ways they go. Only the order of

these contacts matters, e.g., an X might put a mark on B, so

that all the X’s, except the first, find B already marked. It is

this top-speed body that will serve as the signal. Let further

there be a triple contact (B,X,Y), such that Y is, in turn, the

first to meet A afterwards. If the contact (A,B) occurs, the

number of these oscillations (multiple “echo”) is infinite, cor-

responding to the so-called Zeno sequence. Otherwise, the

last oscillation would occur before (A,B), and then this last

oscillating body would not be a top-speed one. We could re-

verse this argument, suggesting that tending the number of

oscillations to infinity could be used to predict the occurrence

of (A,B), if in the absence of this contact the number of os-

cillations were not infinite as well. In conventional notions

this implies infinite time of oscillations, but we cannot in-

troduce space-time terms a priori aiming at a solution solely

in terms of contacts. For this purpose, let us provide in our

scheme some auxiliary X, such that (B,X) does occur. Then

we can state that (A,B) occurs, provided the ratio of the (infi-

nite) numbers of oscillations between A and B to that between

B and X tends to a finite limit. For this to be actually used,

one begins to count oscillation numbers at a moment, and the

value of the ratio is determined as its limit when the num-

ber of oscillations as measured for the contacts of the signal

with, e.g., A tends to infinity. This limit does not depend on

the moment it starts from or on the reciprocal positions of the

signals coming to A from B and X within one oscillation cy-

cle [8]. We emphasize, that only local existence of the top

speed signals is important (no cm/sec and no free trajecto-

ries to appear from the outset!). The counting of such ratios

will be our sole tool in the sequel; however in some cases

also finite oscillation numbers are suitable. (Finite numbers

of top-speed signal oscillations were already used to compare

distances [6, 7].)

We define space-time R not as something pre-existing but

rather as an envelope of combination of all possible trajec-

tories, the occurrence of contacts between which can be de-

termined by means of top speed signal. In fact a (single!)

reference system does exist in this approach, comprising an

appropriate subset of trajectories – X’s – chosen under the

following conditions: i. Any pair of them either have no com-

mon contact or have only one (at least locally – with respect

to their own topology); ii. If some trajectory A has a contact

with some other trajectory B, there exists some X with the

triple contact (A,B,X); iii. Although X’s might have multiple

contacts with trajectories not belonging to the subset, any pair

of such contacts could be separated to insert a sequence of the

top-speed signal oscillations for each of them. Moreover, just

multiple contacts determine dynamics in terms of X’s upon

using an additional subset of “charged” test bodies, the tra-

jectories of which are also encoded via X’s. Under these con-

ditions, infinite oscillation numbers provide the space-time

with differential topology as a means to clearly separate pos-

sible contacts. Moreover, space-like hyper-surfaces S and the

projections of trajectories thereon (“paths”) might also be de-

fined in these terms. The condition for a so defined contact

scheme to represent any finite arrangement of the projections

with their mutual intersections, while excluding any unneces-

sary for this purpose subsets, defines the topology of S. In the

framework of traditional topology [1-5], dim R=ind R=1, but

S is not a sub-space of R, though the set of its neighborhoods

can be induced by trajectories from R: Each neighborhood of

a point of the trajectory defines the corresponding neighbor-
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hood of this point in S, consisting of all its points connected

with top-speed signal to this neighborhood of the trajectory.

However, S is not a topological image of R, and its dimension

is to be defined independently of R.

Unlike the trajectory itself, its projection on S need not

be a simple arc, and it might have various self-intersections.

However, according to the Nöbeling-Pontryagin embedding

theorem, any n-dimensional metrizable topological space

with a countable base of open subsets can be embedded into

the (2n+1)-dimensional Euclidean space. In fact, the theorem

states that in this space its n-dimensional subspaces are free

to intersect or not, while a space of a lower dimension might

be too “dense” forcing some of them to intersect necessar-

ily, and a space of a higher dimension would add nothing to

this freedom. This is particularly clear for n=1: In only two

dimensions a line cannot pass a closed boundary line with-

out crossing it, whereas in three dimensions this is always

possible (traffic interchange, say), while the fourth dimension

would be redundant. For a finite (and even for a countable)

array of trajectories its map in S has n=1, so dim S = 3. It fol-

lows that each contact might be encoded with only three X’s.

This fact could never be understood unless the space-time is

defined as a union of actual trajectories [2] rather than being

accepted in advance. In this version, the extension of bod-

ies should itself be regarded just as their property to obstruct

some trajectories or their paths.

Upon focusing in this presentation only on some features

of motion-to-motion measurements relevant for weak interac-

tions, further analysis of geometrical properties of the space-

time that arise from this approach is left for discussion else-

where.

3 Compact arrangements of trajectories

Consider a set of trajectories with their common contact. We

can choose some triple of them to provide a basis, so that any

other member of the set can be specified with its oscillation

numbers ratios with those of the basis. However, there exists

the twin to any so defined trajectory. Indeed, let us consider

for the sake of visualization such decomposition in the rest

frame of one of bodies of the basis. Then the other two de-

fine a surface, e.g., a plane, and the dual to a trajectory is its

mirror image with respect to this plane. In order to specify

the trajectory uniquely, we have to add some internal degree

of freedom, a doublet, in close analogy to the spin variable.

Among all such sets we select a particular subset –

spheres – that is defined as follows. It is convenient to in-

troduce an additional body for the center of the sphere. The

sphere is comprised of a finite number of trajectories with

equal oscillation numbers with respect to the center body,

that is, their ratio equals 1 for each pair of the sphere mem-

bers. The sphere might be viewed as a compact arrangement

of trajectories which are specified solely by their mutual an-

gles. While the ratios of the oscillations numbers between

the members themselves to those between them and the cen-

ter are in general different, we can define for each trajectory

its neighbors as those for which this ratio is maximal. The

spheres might be used to specify a condition for forces that

are permitted to act on bodies over their trajectories. If we

accept that everything in sight must be described in terms of

signals, we have to define forces in these terms as well. Such

a rule must be independent of the space-time point, i.e. to

require the force not to alter oscillation number ratios.

Let us take the sphere consisting of A, B, C and use con-

ventional variables in order to reveal the familiar forces that

satisfy this condition. The ratio AΓBC of the oscillation num-

bers between the bodies A and B to that of A and C is [8]:

AΓBC = lim
nAB→∞

nAB

nAC

=

ln

(

uAiuBi +

√

(uAiuBi)
2 − 1

)

ln

(

uAiuCi +

√

(uAiuCi)
2 − 1

) (1)

where uAi and others are the four-velocities of the bodies, and

summation over i is implied. Evidently the ratio AΓBC will

not change under a force if the scalar products of the four-

velocities do not.

Consider the electromagnetic force, Fik. Then for velocity

of light c, the charges and masses of the bodies e and m:

duAi =
e

mc
FikuAkdsA . (2)

Hence:

d(uAiuBi) =
eA

mAc
FikuAkuBidsA +

eB

mBc
FkiuBiuAkdsB . (3)

But dsA = dsB since A and B are the members of a sphere.

Then, d(uAiuBi) = 0, if Fik = −Fki and also eA/mA = eB/mB.

Apart from electromagnetic field, anti-symmetry of which

can be expressed, in the connected space-time manifold, via

potentials as Fik = ∂Ai/∂xk − ∂Ak/∂xi, a field might also in-

clude commutators [Ai, Ak] if the components of the potential

do not commute. (Quanta of these fields must be bosons,

whereas fermions would require only anti-commutators.) We

can then reverse the argument to state that only fields pre-

serving the ratios of the oscillation numbers can appear in the

theory as bosons. Moreover, propagation of the fields can

also be expressed via appropriate contact schemes by means

of Green functions [9]. To complete the method, we stay in

need of a condition, in terms of contacts, for the constancy of

charge and mass in (3) everywhere, and in order to find this

condition we need a means to translate these values over the

whole space- time. For this purpose consider a particular sub-

set of spheres, in which the oscillation number ratios with its

neighbors are the same for each member of the sphere. Such

a sphere will be called a star. In three-dimensional space only

five stars are possible. These are known as Platonic solids.

Note that the definition of star doesn’t imply that its bodies

move uniformly.
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4 Star-based gauge of electric charge

Eventually, all that is actually measured in experiments re-

lates to motion under electromagnetic force of, e.g., particles,

products of their interactions etc. It is therefore this force pro-

portional to the electric charge of the particle it acts upon that

must be gauged in the first place. The value of this charge

is commonly accepted to be the same everywhere. Still a

method is needed to detect this identity in terms of contacts.

We want to use the stars for gauging electric charge with-

out any intermediary. To this end, we have to specify the

charge not only locally but also to develop some motion-to-

motion gauge for its translation to any point the body of in-

terest might occupy along its trajectory. This should be based

on the symmetries of stars, which can easily be expressed in

terms of equality of some oscillation numbers.

Suppose all the members of a star (in the gauge procedure

we will call them particles) are electrically charged with equal

e/m values and move only under mutual electromagnetic in-

teraction. In any star comprised of identical particles they

move along straight lines repelling each other, and the parti-

cles cannot reach the center. Moreover, the trajectories might

become curved, provided some of the particles differ from

others in charges or masses, and for this reason they miss

the center as well. But in a symmetry-based charge gauging

procedure, it is the disparity of charges and masses that is de-

tected as a star symmetry breaking. If the particles miss the

star center anyway, we cannot be sure that the symmetry is not

broken just at the closer vicinity of the center, still being ob-

served far from it. We must therefore use for the gauge only

neutral as a whole stars with equal numbers of positive and

negative particles. Of all Platonic solids, the center is reached

only in the cube with opposite signs of the charges between

the tetrahedrons the cube is comprised of. Although in the

cube star the particles keep moving along straight lines (even

if the absolute values of their charges differ between its two

tetrahedrons, while being identical within each of them), the

symmetry will be broken because the tetrahedrons are being

differently accelerated by mutual attraction.

Starting the counting of the oscillation numbers between

the particle and an introduced, for the sake of simplicity,

imaginary central particle at a moment before the contact,

we detect the symmetry breaking if these numbers, as mea-

sured at the center, differ at least by one oscillation. In the

limit of the smallest star size, defining the highest precision

of electromagnetic gauge, one tetrahedron nears the center

over only one oscillation while another — over two oscilla-

tions. At a smaller initial radius the second oscillation has no

time to occur. Since we detect only integer numbers of sig-

nal oscillations, the values of charge to be detected must be

discrete. Indeed, suppose that the charges differ by some in-

finitesimal value. However close to the center the symmetry

was detected, we cannot be sure that asymmetry could still be

detected upon continuing the counting, since nothing is being

registered in between the neighboring contacts. So, we are

able to detect with our method only discrete values of charge

(and/or mass), hence a minimum value of charge e can be

registered, the next value being 2e. Now, whereas in a given

external field acceleration depends on e/m, for a case of in-

teracting particles it depends on e2/m, and in order to observe

the symmetry of a star the masses and the absolute values of

the charges of its particles are to be equal.

The particles of the tetrahedron having the charge 2e ex-

perience smaller acceleration as compared to the tetrahedron

having the charge e. The related symmetry breaking gauge

condition — one extra oscillation — is reached at some fi-

nal radius rmin. Smaller radii are not involved in the gauge

procedure, leaving this region free to introduce a new interac-

tion under our general trend to regard possible in mechanics

everything described with the motion-to-motion schemes. In

the next section, we will find such an interaction to be neces-

sary for the gauge itself.

5 Application to electroweak interactions

With the basic cube star at hand we proceed to develop the

whole regular lattice, along which the value of the electric

charge can be transported to a point of the trajectory in ques-

tion. Along our general lines, the regular lattice must com-

prise elementary cube-star cells. For this purpose, we use

some particles of one star, after they pass its center, as a seed

for the next star. According to Sec. 2, just three stars are suf-

ficient to completely define their next star. As a matter of

fact, this simple picture cannot be trusted, because deviation

of the charge at radii that are smaller than those involved in

the gauge for the finest lattice might either prevent electrons

and positrons from escaping the star against the exit potential

barrier formed by the attraction of the other members of the

star or to have a final energy differing from what is needed

as the input energy of the next star. Even small charge devi-

ation are important, since the energy near the minimal radius

is typically much higher than the energies of the particles at

the star entrance, and momentum conservation would yield

large final fluctuations there; moreover, the deviation might

be collected over a sequence of stars. In particular, even low

level radiation that has a small effect on the matching of in-

coming to outgoing energies in a single star might cause large

deviations over long sequences.

Radiation is negligible in stars comprising large bodies,

and our gauge is quite feasible in this case. Long sequences

might then be directly arranged, in which the outgoing bodies

are directly used in the next star, since their velocity return to

the initial values being decelerated after passing the star cen-

ter. This is impossible in the limit of elementary particles. If,

however, a new — “weak” — interaction converts the charge

of the particles to zero at the smallest radius of the symmetry

detection, the gauge becomes independent of radiation. Being

constrained to radii that are smaller than those involved in the
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electric charge gauge, such a conversion doesn’t obstruct the

gauge. Over a larger scale, one could consider stars consist-

ing, e.g., of ions, which can change their charge via charge

exchange or stripping. We, however consider the limiting

case of the finest lattice comprised of stars having the small-

est possible size, still allowing the motion-to-motion charge

gauge. Then only elementary particles might participate in

the lattice, and an elementary neutral particle must complete

the collection. It is just in this extreme case the weak interac-

tion with its parity violation appears.

In order to form the lattice, this newborn particle, the

“neutrino”, has then to be converted back into the electron

of the next star. This can happen under the same weak inter-

action, provided the neutrino collides with the anti-neutrino

to create the electron-positron pair. Though never observed in

practice, such a limiting process, as well as the charged star it-

self — with its eight particles’ simultaneous collision, should

be considered a feature of our formal language to question

nature, providing as concepts for theories so also rules for ex-

periments. We need therefore to introduce intermediate cube

stars made up of only neutrinos and anti-neutrinos and posi-

tioned at the corners of the charged cube. These neutral stars

are “blind” in the sense that their symmetry cannot be de-

tected electromagnetically. Still, suitability of the whole reg-

ular lattice might be detected, provided the following charged

star is found to repeat the original symmetry. So, we need

a doublet consisting of electrons and neutrinos to prepare a

regular lattice. The doublet corresponds to two charge states

that convert one into another at the vertices, suggesting the

SU(2) group for transformations of the inner (charge) space

in the gauge field theory, but now it appears as an indispens-

able mechanism to realize the regular lattice by means of the

motion-to-motion gauge.

Our next step is to define all the members of the next star

starting with the trajectories that are continuations of its three

preceding stars. For any star, it is sufficient to take a basis

of three trajectories to determine all the others. In order to

visualize this construction, it is convenient to proceed using

the conventional picture, that is, to imagine the cube star in

its center-of-mass (CM) reference system as eight particles at

its vertices moving toward the center with equal velocities v

(β = v/c). Let us take, for example, the trajectory A and its

neighbors B and C as the basis for the star to be constructed

and choose the line of A for the x-axis, the line through the

cube center parallel to the line between the vertices B and

C for the y-axis, and the z-axis as orthogonal to these two.

We have to find D as the third neighbor of A. In so chosen

coordinates, the decomposition coefficients of the basis are:

βAx = β, βAy = βAz = 0

βBx = βCx =
β

3
, βBy = −βCy = β

√

2

3

βBz = βCz = β

√
2

3











































, (4)

and those of D:

βDx =
β

3
, βDy = 0 , βDz = − β

2
√

2

3
. (5)

But we know from Sec. 2 that via the oscillation num-

ber ratios counting — our sole means — the basis A, B, C

defines actually two trajectories, that is, there exists another

trajectory E besides D with the same ratios of the oscillations.

In order to determine the coordinates of E, we transform (4)

and (5) to the reference system, in which A is at rest, to find E

there as the mirror image of D, and then to return to the CM

system to find the coordinates of E there. From the relativistic

transformation formulae for velocities, we find:

β
′

Ax
= β

′

Ay = β
′

Az
= 0

β
′

Bx = β
′

Cx = − β
2

3 − β2

β
′

By = − β
′
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√
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′
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√
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3 − β2
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′
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√
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Using (6), we obtain the mirror image E of D trajectory

with respect to the plane defined by the transformed B and C

velocities as:

β
′

Ex = − β
2(3 − 5β2)

(3 − β2)2

β
′

D
′
y
= 0

β
′

D
′
z
= β

2
√

2(1 − β2) (3 + β2)

(3 − β2)2















































. (7)

Upon back transforming (7) to the laboratory reference

frame, we find finally:

βEx =
β

(

(3 − β2)2 − 2(3 − 5β2)
)

(3 − β2)2 − 2β2(3 − 5β2)

βEz =
2
√

2 β (1 − β2)(3 + β2)

(3 − β2)2 − 2β2(3 − 5β2)



































. (8)

Though in our example (D placed between B and C) E

moves in the same xz plane as D, (8) does not define a vertex

of the cube. Even the absolute values of the D and E veloci-

ties differ already in the order of β, though their oscillations

numbers with respect to the basis are the same. So, upon con-

structing the next star we must introduce some additional —

internal — degree of freedom, helicity, to define just D but

not E by means of choosing a particular order in the basis A,
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B, C. Mathematically, this is similar to the spin variable, the

spin being directed either in the direction of the momentum

of the particle or oppositely. So, parity violation turns out to

be a necessary property of the motion-to-motion gauge, since

only the projection of spin on the momentum direction con-

veys the necessary information to select the appropriate tra-

jectory out of the two. In the electron/positron cube star, the

opposite sense particles belong to different tetrahedrons, and

of the two particles on each main diagonal of the cube one is

the electron while another – the positron. Therefore the order

of the basis for the electron is seen as reversed from its oppo-

site positron, and the product of parity and charge conjugation

is the same for both (CP conservation).

We are able now to use parity in the electric charge gauge

as performed solely with photon oscillations counting. In the

symmetric cube star magnetic field is zero on the trajecto-

ries, hence there is no orbital angular momentum, and only

the spin of the particle defines its total angular momentum.

Then our electric charge gauge fails to distinguish between

particles with left and right orientations, letting both enter the

weak interaction zone. In order to define the fourth trajectory,

the neutrinos must be provided with a definite, e.g., left, he-

licity, and therefore the charged star must generate only these.

To this end, the weak interaction must be spin-dependent to

create only left-handed neutrinos (and right-handed antineu-

trinos) in the collision of the particles in the charged star. It

is sufficient to consider only the electron and its neutrino, the

argument being similar for their antiparticles. In the blind star

the neutrino will turn into the electron with the same projec-

tion of its spin in virtue of the angular momentum conserva-

tion.

For the left-handed electrons in the charged star, the func-

tion of the weak interaction is dual. On the one hand, the

weak interaction for the left-handed electrons possesses its

own dynamics, since it should match the output and input

energies in the sequence of charged stars over the whole lat-

tice. On the other hand, its intensity defines charge conver-

sion probability, scaling as γ2 = (1 − β2)−1 according to the

general properties of all acceptable fields as satisfying the

condition (1), and the same field should also accelerate the

electrons to maximize the cross-section of charge conversion

along with minimizing that of annihilation. (The latter scales

as γ−2; so the ratio of the related probabilities (however small)

is proportional to γ4.) This relationship of the dynamics and

the charge conversion implies their common coupling con-

stant. For the same reason charged particles created in the

neutral star are to leave the weak interaction region avoiding

annihilation.

When the left-handed electron passes the weak interaction

region of the star, it has some probability either to turn into

the neutrino or to annihilate or to cross this region intact. In

the latter case this left-handed electron might be reflected by

the exit potential to pass the star center in the opposite direc-

tion now as a right-handed one. Being reflected once again,

this electron can turn into the neutrino becoming left-handed

again, thus sharing the total neutrino flux. This cannot be al-

lowed for the gauge, since the time moment of this electron

would differ from that of the normally leaving star electron to

result further on in the incorrect initial moment of the new-

born electron in the next star. This unwanted process can be

suppressed by annihilation of the electron-positron pair when

the reflected particles flip their helicity. The related probabil-

ities depend on the value of the weak coupling constant gL,

given the electromagnetic coupling constant e (the subscript

L refers to the left-handed electron).

Let us first consider the energy matching dynamics ig-

noring radiation. In the charged star, the electron is being

accelerated from γi at the radius ri, as defined by the finest

star cell still possible for the gauge of electron charge, up

to some γ f at rmin ≪ ri [10]. As any field satisfying the

general motion-to-motion condition (1), the weak field has

to satisfy a wave equation [9]. In particular, the finite range

weak interaction could be expressed via the Yukawa potential

gr−1 exp(−r/rmin) satisfying the wave equation with an addi-

tional “mass” term. For not to disturb the charge gauge, the

weak potential should be at most of the order of the Coulomb

potential e2/r at the minimal gauge-defined radius rmin. Apart

from the short range, parity violation and electric neutrality,

the dynamical behavior of weak field should be quite similar

to that of electric field, as prescribed by (1). For the esti-

mations let us approximate the weak field Yukawa potential

with its averaged factor g2/r, analogous to the electromag-

netic e2/r, though defined only within the weak field range

r/rmin ∼ 1: For r/rmin < 1, the potential gr−1 exp(−r/rmin) ≈
g/r − g/rmin constant second term being immaterial. We in-

troduce therefore a combined radius rL, rL = (e2 + g2
L
)/mc2 to

write the following equation for γ in the CM reference sys-

tem:

γ3 = γ3
f + 3ArL

(

1

r
−

1

rmin

)

(9)

where A ≈ 10 represents the force created by all the other

particles of the cube star together [10]. In dimensionless vari-

ables ηL = 3ArL/rmin and x = r/rmin (8) reads:

γ3 = γ3
f + ηL

(

x−1 − 1
)

. (10)

In the transition from one star to the next, the electron

starting with γ = γ f is accelerated by both the electromag-

netic and weak forces from rmin down to some smaller r′,

where it turns into the neutrino, which moves to some r′′ on

the opposite end of the weak region under the weak force

only, then this neutrino moves freely to start being acceler-

ated by the weak field of the neutral star at rmin, where it

turns into the new electron at r′′, which finally decelerates by

both the electromagnetic and weak fields to become a mem-

ber of the next star, now at its own ri, where it must have

γ = γi. In this oversimplified scenario the total contribution

of the weak field over the whole path from the output of one
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charged star to the input of the next charged star is zero, and

it is the sole electric field, which is active only over its parts,

defines the final velocity. In order to obtain a non-zero re-

sult also for the weak field, we have to switch it on and off

over some parts of the transition. A natural means to realize

this switch is to include an intermediate particle with a dif-

ferent mass as its carrier. This is the typical situation for a

random process (at least, for a local one [11]), e.g., for quan-

tum mechanics: the described with the wave function particle

can be found (with some probability) anywhere at the same

moment, still remaining point-like. The required intermedi-

ate particle will then have some mass M, the value of which

must be large, being defined only within the short weak field

range Λ = ~/Mc ∼ rmin, so describing the transition solely in

terms of the charge gauge.

For the energies relevant in our gauge procedure such a

massive particle can only be a virtual one, its sole role con-

sisting in correctly transporting the momentum, charge and

spin data. For this to be possible, this meson must possess

its own charge and polarization, having the spin equal to 1

to preserve the total angular momentum in the charge con-

version, since the two other particles — the electron and the

neutrino — have spin 1/2. Similarly, transporting the value

of momentum as encoded by means of the boson properties

implies its motion. Then the moments of creation and decay

of the boson must be separated by a time interval, however

short due its small velocity for the large mass. The whole

transition between the charged stars will now look as follows.

In electron at rmin having γ = γ f is being accelerated to reach

the energy mc2γ′ at r = r′. Here the electron turns into the

intermediate boson, non-relativistic because of its large mass,

moving with the velocity v = c(γ′2m/M)1/2.

Over the characteristic time Λ/c the boson moves a dis-

tance of the orderΛ(γ′2m/M)1/2 ∼ rmin(γ′2m/M)1/2 (neglect-

ing acceleration due to its large mass) to turn into the neu-

trino, moving with the same energy the distance ∼ ri with

velocity c to turn back into the boson at r = r′′ (now mea-

sured from the center of the neutral star). Here the newborn

electron is being decelerated, again by the electromagnetic

and weak forces to reach γ = γi at r = ri as measured from

the center of the next charged star. In order to get in the

course of the transition to the required γi given γ f , we put

r′′ = r′ − rmin(γ′2m/M)1/2 to obtain for the whole transition:

γ3
i = γ

3
f + ηL















x′−1 −
1

x′ −
√

2m/Mγ′















. (11)

This equation should be supported with the equation for

γ′ = γ(x′):

γ′3 = γ3
f + ηL

(

x′−1 − 1
)

. (12)

We eliminate x′ from the system of (11) and (12) to ob-

tain:

F(γ′, ηL) = γ3
f
− γ3

i

−

(

ηL + γ
′3 − γ3

f

)
√

2m/M γ′

ηL −
(

ηL + γ′3 − γ3
f

)
√

2m/M γ′

= 0.

(13)

Still, the condition of reducing γ from γ f to γi in the

course of the whole transition doesn’t define the points r′ and

r′′ of the charge flips uniquely, unless the charge conversion is

connected with the related dynamics (otherwise the flip might

occur at any point within the weak interaction region), and

we look for the maximum of γ′ to achieve the maximal ratio

(increasing as γ′) of the charge conversion cross section to

that of the dominating (two-photon) electron/positron annihi-

lation.

The equation (13) implicitly defines γ′(η) given γ f and γi,

and the condition for its maximum dγ′(ηL)/dηL = ∂F/∂ηL =

0 (provided ∂F/∂γ′ , 0 at ηL = ηL(max)) yields:

ηmax =
(

γ′3max − γ
3
f

) 1 +
√

2m/M γ′max

1 −
√

2m/M γ′max

. (14)

Substituting (14) in (13), we obtain the equation for γ′max,

given γ f and γi:

γ′3max −
(

γ3
f − γ

3
i

)

(

1 −
√

2m/M γ′max

)2

4
√

2m/M γ′max

− γ3
f = 0. (15)

For the finest lattice as defined by the electron charge

gauge, the equation for γ f is similar to (9), in which, how-

ever, the electric force, introduced via re = e/mc, acts alone:

γ3
f = γ

3
i + 3Are

(

1

rmin

−
1

ri

)

. (16)

In the gauge procedure, the value of γi is of great im-

portance, because it is this lowest velocity that mainly con-

tributes to the sensitivity of asymmetry detection in the stars:

Since ri ≫ rmin, it will be: γ f ≫ γi and the exact value of

γ f (since β f is very close to 1) is but of minor importance in

the integration of the disparity between the tetrahedrons [10].

However, γ f is important in equations (9)-(15).

With resulting from the gauge condition [10] γi ∼ 3 and

rmin ∼ 3×10−3re, we find from (16): γ f ∼ 30. Then from (15)

and (14): γ′max ∼ 50 and ηL(max) ∼ 105. This value of ηL(max)

corresponds to g ∼ 2e, in agreement with the experimental

data: sin θw ∼ 0.5.

Until now we ignored radiation, and we have to consider

its importance. In the gauge process itself, i.e. for ri > r >

rmin, radiation decreases the value of γ f , and in the weak field

regions, rmin > r > r′ and r′′ < r < rmin, radiation is active as

well. Both effects decrease the related γ’s and therefore the

probability of the charge conversions.
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Whereas only the mean values of mechanical variables

(behaving classically) are important in our gauge, as based

solely on the top-speed signal oscillations, the analysis of the

role of radiation requires the full quantum theory. Indeed,

it was shown [10] that in the classical limit, corresponding

to multiple soft-photons emission [11], radiation restricts the

size of the star for the finest lattice down to the order of re.

But it is well known that the classical field theory is no longer

valid at these distances. Instead, we are bound to calculate

only the cross sections for the emission of single photons.

Contrary to the classical limit, single photon radiation in

QED occurs only with some probability, i.e. there is also

a finite probability for the absence of emission. Only this

case is relevant for our gauge, since radiation decreasing the

related γ accordingly decreases the proportional to γ ratio of

charge conversion cross section to that of annihilation. If the

radiation cross section is not too close to unity, the charge

conversion events which are not accompanied by radiation

might be isolated as providing correct γ f to γi transitions in

accord with (11).

In the close vicinity of the star center only some small

central part of the wave packet can take a part in the inter-

action, which is the source of radiation. Therefore, only a

small part of the infinite range Coulomb interaction is actu-

ally involved, behaving there like a short range interaction.

A similar effect in scattering on (neutral) atoms is accounted

for by means of “screening” the potential [11, 12]. When the

particle interacts with atom, this screening appears as a form

factor effectively reducing the range of Coulomb potential to

the size of the atom. In the same way, the short range Yukawa

potential could be regarded as a screened initially long range

fictitious potential, and we consider also the electromagnetic

interaction to be screened as well, because now the flux of

incoming particles should be normalized for a wave packet

of the relevant size rather than for a plane wave. We start

with the ultra- relativistic case for the radiation cross section

formula in the center-mass system [11]:

dσrad = 4αr2
e

d f

f

(

1 −
2

3
(1 − f ) + (1 − f )2

)

×
(

ln 4γ2
0

(

1

f
− 1

)

−
1

2

)

,

(17)

where α = e2/~c ∼ 1/137 is the fine structure constant f =

~ω/ǫ0 (ω is the frequency of the emitted photon, ǫ0 is the en-

ergy of the incident electron in the CM system, γ0 = ǫ0/m).

Integrating (17), we find σrad. The integral diverges for small

f . For a simple estimation let us replace ln(1/ f − 1) with its

average value Q. Integrating f from some fmin, (to be deter-

mined later) to 1:

σrad = 4αr2
e

(

Q −
1

2
+ 2 ln 2γ0

)

×
(

5

6
−

4

3
(ln fmin − fmin) −

1

2
f 2
min

)

.

(18)

In the scattering matrix theory, the analysis is carried out

over the infinite distances from the interaction region both

for initial and final states of the system, so that the incoming

and outgoing wave functions are plain waves over the whole

continuum, and in the derivation of (17), the integral for the

Fourier component of the infinite range Coulomb potential is

taken from 0 to ∞. In our case, only radiation events within

the star are important, e.g., for ri > r > r′ in the charged star

and for r′′ < r < rmin in the neutral one. We shall therefore

accept a model, in which the wave functions outside the inter-

action regions are still plain waves though bounded laterally

to the interaction radii. These functions are given in advance,

not taking care of how they were actually prepared. Then we

can replace r2
e with r2

i
for the gauge region in (17) and (18), so

normalizing the plane wave spinors in the S-matrix element

with one particle in r3
i

rather than in the unit volume, in ac-

cord with the flux density of one electron per r2
i
. Similarly,

rmin will replace re for the weak field region. We have also to

modifyα to account for the weak potential: αL = e(e+gL)/~c.

It will then be possible to use the Feynman diagram tech-

nique to calculate the radiation cross sections. Considering

the interactions as existing only in these regions, we calculate

the related interaction potential in the momentum representa-

tion. In particular, for the pure Coulomb potential eA0(q) (the

time component of the four-vector eAi) in the gauge region

(ri > r > rmin) we write (see, e.g., [11]):

A0(q) = − 4πe

∫ ri

rmin

dr exp(iqr)

=
4πe

q2

(

cos(qri) − cos(qrmin)
)

,

(19)

where we put the boundary radii instead of usual ∞ and 0.

(If ri were to tend to infinity, the exponential factor with a

negative real power should be included in the integrand (to

be set zero at the end in order to cancel the first term in the

parenthesis, while and the second term becomes unity). In

the derivation of (17) (see, e.g., [11, 12]), the argument q has

to be set equal to the absolute value of the recoil momentum

according to the total four-momentum conservation. In the

ultra-relativistic case q ≈ mc/~, so for the gauge region (ri ∼
re ≫ rmin), qri ∼ e2/~c = α≪ 1, and it follows from (19):

A0(q) = −
2πe

q2
α2. (20)

Since the S-matrix element is proportional to (20), the ra-

diation cross section (17), proportional to the S-matrix el-

ement squared, becomes modified by the additional factor

α ∼ 10−9. In order to obtain the total probability wrad of

emission in the interval (ri > r > rmin) of a single photon with

fmin < f < 1, the modified according to (20) cross section

(18) is to be multiplied by the flux j = 2v/V (v ≈ c is the

velocity in the CM system, and V ∼ r3
i

is the gauge region

volume) to obtain the probability for unit time, and then mul-

tiplying by ri/v to find the probability for this region. With all
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these substitutions:

wrad ≈ 4α5

(

Q −
1

2
+ 2 ln 2γ0

)

×
(

5

6
−

4

3
(ln fmin − fmin) −

1

2
f 2
min

)

.

(21)

Due to the factor α5, this probability is very low, unless

fmin is sufficiently small. For wrad to be of the order of unity, it

must be: ln(1/ fmin) ∼ α−5, whatever all other factors in (21)

might be. Evidently, such soft photons cannot bring about

any changes in the value of γ f in the gauge region. The same

reasoning and with the same conclusion holds in the weak

field region for γ′max and ηmax.

The factor α4 in (21) suppresses radiation of the elec-

tron that does not pass the star center, the nearest vicinity

of which provides main contribution to radiation. However,

for the electron that passes the center without turning into the

neutrino the full radiation cross section must be accounted

for. As it follows from (18), the probability of emitting even

rather high energy photons is of the order of unity, and it will

be collected over a sequence of stars, since radiation can only

decelerate the electron. Loosing even a small part of its final

energy (≥ mc2γi), this electron either reaches a lower value

of γi than allowed for the next stars, or even fails to over-

come the exit potential barrier of the last star of a short star

sequence, so destroying the gauge lattice.

Although the right-handed electrons take no part in the

charge conversion, they might ruin the charge gauge. Indeed,

their helicity becomes opposite if they are reflected by the

output electromagnetic barrier of the star, and the initially

right-handed electron becomes a source of the left-handed

neutrino as well. Such oppositely moving neutrinos would

make uncertain the choice of the charge sign in the next star,

being admixed to the proper antineutrinos generated by the

positrons. The flux of these neutrinos could be somewhat

suppressed by the electromagnetic electron-positron annihi-

lation, provided the weak interaction acts against the electro-

magnetic acceleration. So, for the right-handed electron the

weak interaction also receives some dynamical meaning.

In order to determine the value of the corresponding cou-

pling constant gR in the Yukawa potential, we have to find the

probability wan of the two-photon electron-positron annihila-

tion when they are decelerated from γ = γ f down to γ = 0 at

the turning point. We start with the well-known Dirac’s for-

mula for the annihilation cross section in the CM system. In

our case it looks:

σan =
2πr2

min

γ4
√

γ2 − 1

[ (

γ4 + γ2 −
1

2

)

ln

(

γ +

√

γ2 − 1

)

−
1

2
γ
(

γ2 + 1
)

√

γ2 − 1

]

.

(22)

The probability of annihilationwan, increasing with decel-

eration, depends on the function γ(r), which, in turn, depends

on r:

γ3 = γ3
f − ηR

(

1

x
− 1

)

(23)

where ηR = 30rR/rmin, rR = (g2
R
− e2)/mc2, x = r/rmin. Anni-

hilation probability dw an over the interval dx is:

dwan = σan

2v

r2
min

dx. (24)

From (22), (23) and (24) we obtain:

wan = 12πηR

∫ γ f

1

dγ

×

(

γ4−γ2− 1
2

)

ln
(

γ+
√

γ2−1
)

− 1
2
γ
(

γ2+1
)
√

γ2−1

γ2
√

γ2−1
(

γ3
f
+ηR−γ3

)2
.

(25)

Given γ f , this equation defines a function wan(ηR), which

possesses a maximum. A simple numerical calculation with

γ f ≈ 30 gives: wan(max) = 0.12 for ηR(max) ≈ 2500. This

value of ηR(max) corresponds to gR ≈ 1.15e, again in close

correspondence with the experimental value of cos θw. In a

standard probabilistic approach, this 12% difference is suffi-

cient to reliably discern between particles and antiparticles.

6 Conclusion

In summary, our argument goes as follows:

i. A direct gauge of electric charge using motion-to-

motion measurements might be based on the very existence

of a (local) top-speed signal, no matter how high this speed is

in any units whatsoever.

ii. Letting this signal oscillate between test particles and

counting the ratios of the (infinite) numbers of these oscilla-

tions, we are able to detect the symmetry of the stars arranged

as Platonic solids.

iii. Of the five Platonic solids, only the neutral as a whole

cube-symmetrical star, consisting of the two tetrahedrons –

one for the electron and another for the positron – is suitable

for the electric charge gauge, since it is the only symmetry

in which the particles move under electrical interaction along

straight lines to cross at their common center.

iv. In order for the electron charge to be gauged as having

the same value everywhere, the stars must be arranged in a

lattice extended over the whole space-time, in which the ini-

tial star arrangement gives rise to its followings by means of

the same signal oscillations counting.

v. For this to be possible, the method must uniquely de-

fine the transitions in the star sequences; however, the oscil-

lation ratios counting method defines two trajectories rather

than only one, and some internal degree of freedom (spin)

should be given the particle to make the choice unique.

vi. With our gauge confined to integer charge values and

sensitive to deviation from these, however small, beyond the
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gauge region, transitions between the stars in the lattice be-

comes uncertain; however, our charge gauge leaves free some

vicinity of the star center, where an additional interaction not

destroying the gauge might exist, and it could be used for

charge conversion to make this uncertainty immaterial.

vii. The weak interaction realizes the necessary charge

conversion with the neutrino that must also provide the nec-

essary information to select a single trajectory out of the two

in the next star, their spin projection onto the momentum di-

rection being the sole source for this selection. The transition

within the lattice also requires appropriate matching between

the in and out energies of the electrons in the succeeding stars;

this can be reached only with an intermediate vector boson.

viii. The design of the lattice requires only one conversion

of the electric charge, so involving only two charge eigen-

states (the SU(2) doublet).

ix. The charge gauge naturally combines the weak and

electromagnetic interactions in a single interaction as pertain-

ing to the common cube star, and the numerical relationships

between the three coupling constants directly follow from this

gauge.

It is fascinating that just the existence of top-speed sig-

nals is sufficient to predict the existence of the weak interac-

tions with its range, parity violation and even the intermedi-

ate boson, basing solely on Platonic symmetries. The elec-

troweak segment in the standard model suggesting SU(2)L ×
U(1) group with adjusted coupling constants to account for

the previously observed in experiments data including par-

ity violation (while PC is still preserved for the leptons) pro-

vides good predictions as well. One should appreciate, how-

ever, the difference between a theory predicting these features

from its own ”first principles” and a developed ad hoc the-

ory that only explains, however successfully, already known

experimental results. Moreover in other applications, the ex-

istence of top-speed signal is sufficient to construct the non-

singular part of the Green function (the so-called Huygens’

tail) in general relativity [9]. Also, motion-to-motion mea-

surements are relevant in stochastic approach to quantum me-

chanics [13], in which random scattering on the measuring

device, that is realized as a set of macroscopic bodies mov-

ing so as to correspond on average to that of the particle in

question, leads to the Schrodinger equation: In the form of

the Madelung’s fluid with its “quantum potential” depending

on the same wave function, the external force vector corre-

sponds to the total average acceleration of the particle, that is,

the “scattering medium” itself depends also on the own mo-

tion of the particle under measurement. One more application

of the motion-to-motion gauge helps to explain the existence

and masses of the heavy µ- and τ-mesons [14]: In the cube

cell, the same gauge regular lattice might occur if one (for the

τ) or two (for the µ) electron/positron pairs are being replaced

by the heavy mesons. These two sub-symmetries of the cube

star may form the whole regular lattice, provided these “for-

eign” entries move under the mutual acceleration in the cell

nearly identically to other electrons and positrons. This situa-

tion was found to exist only for some particular values of the

mesons’ masses, found to be close to experimental data.

We deduce therefore that the pure motion-to-motion

gauge eliminating all artificial ingredients (even free falling

bodies) and basing only on the (local) existence of top-speed

signals provides not only its own interpretation of observa-

tions, but it can predict experimental results, otherwise hid-

den. This is not surprising, since such a gauge is based solely

on the very statement of practical problems, and the attached

theoretical scheme merely prescribes appropriate notions

to address nature. Experiments, as carried out along these

lines, can give then nothing but what these notions already

imply, in accord with the viewpoint of I. Kant [15] (see also

H. Bergson [16]).

Submitted on November 24, 2014 / Accepted on November 28, 2014

References

1. Zeeman E.C. Topology, 1967, issue 6, 161.

2. Tselnik F. Sov. Math. Dokl., 1968, v. 9, 1151.

3. Hawking S.W., King A.R., McCarty P.J. J. Math. Phys., 1976, v. 17,

174.

4. Gobel R. Comm. Math. Phys., 1976, v. 46, 289.

5. Fullwood D.T. J. Math. Phys., 1992, v. 33, 2232 and references therein.

6. Ehlers J., Pirani F.A.E. and Schild A. In: General Relativity, ed. by L.

O’Raifeartaigh, 1972.

7. Marzke R.F., Wheeler J.A. In: Gravitation and Relativity, ed. by H.Y.

Chiu and W.F. Hoffmann, New York, 1964.

8. Tselnik F. Preprint N89-166, Budker Institute of Nuclear Physics,

Novosibirsk, 1989.

9. Tselnik F. Nuovo Cimento, 1995, v. 110B(12), 1435.

10. Tselnik F. Communications in Nonlinear Science and Numerical Simu-

lation, 2005, v. 12(8), 1427.

11. Berestetskii V.B., Lifshitz E.M., Pitaevskii L.P. Relativistic Quantum

Theory. Pergamon Press, 1971.

12. Gingrich D.M. Practical Quantum Electrodynamics. Taylor & Francis,

2006.

13. Tselnik F. Sov. Phys. Dokl., 1989, v. 34(7), 634.

14. Tselnik F. Cube star gauge implies the three lepton families (to be pub-

lished).

15. Kant I. Prolegomena to Any Future Methaphysics. New York, Bobbs-

Merrill, 1950.

16. Bergson H. Creative Evolution. London Macmillan, 1911.

Felix Tselnik. Motion-to-Motion Gauge for the Electroweak Interaction of Leptons 59


