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Abstract
The observed variation of the electromagnetic coupling constant o seen in high
energy e'e” — e*e” collisions, has been explained in terms of work done compressing the

energetic electron. A simple monotonic law has been found, which describes how the
electron resists compression, without transmutation. Variation of the strong coupling

constant as has also been analysed in terms of equivalent work done by the gluon field

within a proton’s component parts.
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1. General Introduction.

It has been observed experimentally that the electromagnetic coupling constant o
increases with the squared four-momentum transfer during electron-positron collisions; see
TOPAZ Collaboration (1997), L3 Collaboration (2005), OPAL Collaboration (2006) , Mele
(2006). This effect has been explained in terms of vacuum polarization and virtual-loop
corrections to the photon propagator see Gell-Mann & Low (1954), Steinhauser (1998),
Jegerlehner (2003). Other experiments have discovered that the strong coupling constant o
decreases substantially with momentum transfer, for interactions between quarks and
gluons within the colliding hadrons; see Bethke, (2000), (2007), Prosperi et al (2007), and
the CMS Collaboration (2015). However, concepts like ethereal vacuum energy and
renormalisation of bare electrons possessing infinite charge are considered to be irrational

and unphysical beyond reason.

2. Electromagnetic coupling constant (o = e?/Ac)

Here in this paper, we shall make use of realistic models of the electron and muon
presented in Wayte (2010a, b), (Papers 1, 2), and attribute the running of a to the electron’s
robust reaction to compression. Paper 1 shows how an electron grows from a small seed
during its creation and develops an intricate expanded mechanism in equilibrium.
Apparently, this force of expansion can react to oppose the compression which occurs
during a subsequent collision process. A simple monotonic law which relates o to
momentum transfer is required, in contrast to the adhoc addition of many separate
components in standard electroweak theory. It will be presumed that throughout an elastic
collision, the electron and positron retain their normal structure (but compacted
dimensions), and do not continuously transform into other species as proposed in QED
theory.

A direct fit to observational data will be derived in terms of work done on the
electron during an energetic collision; then an equivalent fit will be derived employing the
beta function as a scaling factor involving the work done.

Figure 1 illustrates our proposed theoretical fit of a smooth curve to published data
on the running of o, from the L3 collaboration, (2005). The dotted line is for an elementary

formula, which will be refined by iteration to the solid line. Two QED theoretical values



are shown, plus or'(m;?) = 128.936 calculated according to Burkhardt and Pietrzyk (2001).
The LEP measurements of o at large momentum transfer lic above the QED prediction by a

few percent, giving (C = 1.05 rather than 1.0) in the QED formula [a. = a0 /(1-C A a)].

2.1  Analysis.

The dotted line in Figure 1 describes o, given by the expression:
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Figure 1. The theoretical variation of alpha with squared momentum transfer.
Dotted line shows as from Eq.(2.1); solid line shows the refined value of o from

Eq.(2.10). Three hollow markers show QED predictions, and the four solid markers
were taken from L3 Collaboration (2005).

Here ao! = 137.035999139 is the inverse fine structure constant empirical value, Q

represents the total momentum transfer in the e'e” — e*e” process, mo is the electron or



positron rest mass, and e, = 2.718281828 is the natural log base. Factors (n/2) and V2 have
been used in Papers 1, 2 within action equations. By taking logarithms and differentiating
Eq.(2.1) we get:
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which has the appearance of a self-normalised equation, employing two main terms on the

right-side.

First of all, factor In[(Q/2+mo)/mo] will be interpreted in terms of work done in
compressing the electron, as follows. The most basic action expression for an electron in
Paper 1is:

82/ C=moClo (2.3)
where r, is the classical electron radius and e, is the constant electronic charge. Electron
spin s is given by:

s=YameCre=%"n , (2.4)
where (re = o™ 1o) is the Compton radius (%/moc). When an electron is accelerated by an
electric field, it gains kinetic energy but its spin remains constant. Its relativistic mass Mr is
therefore contained within a smaller electron spin-loop, and its classical radius is also
smaller by the same factor:

e = €%/ MrC?. (2.5)
While the electron is moving freely at high velocity, its charge remains constant at the
stationary value e,. However, during a head-on elastic collision with the positron, the
electron is brought to rest with increased static rest mass density. This strains its internal
mechanism, which causes swelling of the radius above its natural value r«e , and increases
the charge above e, .

Now, the force required to compress an electron core-segment has to act around its
circumference against the guidewave creation force, operating as described in Paper 1. It
will be put inversely proportional to circumference length but proportional to the electronic
charge-squared, therefore:

F =ke?/ 2nr, (2.6)



where K is a constant. This agrees with the muon analysis in Wayte (Paper 2, Section 4).
Total work done to compress from original radius ro to final radius r«e at the metastable rest

position is then:
2Tl 2
w=- | [kin(an) , (2.7a)
27y
2,
which for (2 — eo?, constant) yields:

W, ~ke2In(12) ~ ke2In(M,/m,) ~ ke2h[(Q/2+m,)/m,]. (2.7b)

KE
Here, MR is the relativistic mass which has become rest mass temporarily and can be related
to the momentum transfer factor for the individual electron or positron,
ie.(Mg =Q/2+m,). When the electron-positron collision is glancing rather than head-on,
Mg is the effective temporary increase in rest mass produced by whatever momentum
transfer and slowing of the electron occurs.

Factor k in Eq.(2.7) needs to be related to the work coefficient (encio /N2) given in
Eq.(2.1), as follows. Let the charge per core-segment be (e, /137) and the self-interaction

potential energy associated with it around the circumference be classically

[Eos = (8o /137)? / 2mry]. Then we will let (keo?) be given by:

2 _, [ (e, /137)?
key® =2 (ﬁ j{ ot } . (2.8)

The compression work done W should then be normalised by standard energy Ecs, to

satisfy Eq.(2.2). Factor 2(encio /N2) is effectively a measure of the guidewave compression
force relative to the Coulomb force. Factor V2 and Eq.(2.6) were discovered for the muon
guidewave binding force, (Paper 2); and factor (enoo) was employed for the muon-pearl
creation. So these terms are also available here for describing electron compression
processes.

The (n/2)? term in Eq.(2.2) has the effect of increasing every element of
compression work done, to produce an elemental increase in the fine structure constant.
From Paper 1, it may be caused by the electron's pearls and grains rotating at enhanced
velocity [c'=c(rn/2)] orthogonally to the core-segment and to each other; but the detailed

mechanism is not known.



2.2  Refined analysis.

Given the reasonable success of Eq.(2.1) with the above description of terms, the
theory can now be improved by iteration. In Eq.(2.7) the integration for work done should
retain variable e? because it increases slowly during the integration, (e? = aeo?/at). This was
done numerically by introducing the approximate value ou from Eq.(2.1) into Eq.(2.7) to
get a slightly greater, better value of W:
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which led to a corresponding better o via the Eq.(2.1) format. The new value oz was then
introduced to get a better value of W3 and o ; and so on to finally get ae which is accurate

to 9 decimal places. The satisfactory expression for o is ultimately:
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shown in Figurel as the solid curve, which fits the L3 Collaboration data very well.

2.3 Analysis employing the beta function.

Running of the strong coupling constant described in Section 3 appears to be simply
associated with the beta function, although the coefficients and interpretation are very
different from those used in the QCD standard model. Therefore, we will try applying the
general beta function as a scaling factor to the electron’s response under compression in an

energetic collision. So let:
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then integration gives running alpha immediately:
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which is numerically close to Eq.(2.10) shown in Figure 1, that is within 0.02% at Mz.
When (Q = 91.1876GeV), this produces (o= 1/128.9741). And for comparison with
Eq.(2.1) or Eqg.(2.10) this could be re-expressed as:

5 Q/2+m (nl2f
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The logarithmic term can again be interpreted as normalised work done, analogous to
Eq.(2.7). Partial coefficient of this work term (1/16x) happens to be equal to the electron-
mite structure constant (u) derived in Section 2.7 of Paper 1, for the pen-ultimate
component of the electron; but such attribution here is not explicit. Given that Eq.(2.12) has
a pole at (Q ~ 4 x 10*GeV), it is probable that the colliding particles will annihilate to
produce particles below this value.

The straightforward description of running o in Eq.(2.12) and running as in Eq.(3.1)
implies that the beta function is a realistic scaling factor, using a single coefficient. In each
case, the logarithmic term is directly due to work done compressing the electron or proton.
There is nothing to gain from expanding Eqg.(2.12) into a series of unreal higher-order

components.

3. Strong coupling constant as

In QCD theory, as describes the inter-quark coupling mediated by gluons. Similarly
here, gluon coupling binds the proton’s components together. This is to be distinguished
from the exterior strong nuclear force (Yukawa potential) which binds neighbouring nuclei
together.

A realistic model of the proton, presented in Wayte (2010c), (Paper 3), will be used
to help interpret the running of as with momentum transfer, in a collision process. Paper 3
shows how a proton mass mp is composed of 3 trineons (differing from quarks), which
consist of 3 pearls each. The mass of a pearl is therefore (m¢ = mp/ 9 = 104.25245MeV).
Running of as is found to be based upon this pearl mass, rather than the proton mass, in a

monotonic law.



Figure 2 illustrates our proposed fit of a theoretical curve to published world data on

the running of os . The line fits data accurately at large momentum transfer, giving for

example as(Mzo) = 0.11854, using the latest value for Mz, (91.1876GeV).
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Figure 2. The theoretical variation of as with momentum transfer, as calculated from
Eq.(3.1), which gives as(Mzo) = 0.11854. Empirically, as(Mzo) = 0.1185+0.0010. Data
points have been taken from Bethke (2007) Table 1, and Baldicchi et al (2007) Tables
1-7 for Q > 150MeV, and CMS Collaboration (2015).

3.1  Analysis
The line in Figure 2 is described by the expression:

o = {(\/5 I 2){& |n(wﬂ}_l . (3.1)
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Here m¢ is the proton's pearl mass, and Q' represents the total momentum transfer Q plus
2mg ; that is, an extra factor compared with Eq.(2.1). This expression could be derived by

integrating the beta function:

doig =—(a52 In 4)@|n(%j . (3.1b)
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Differentiation of Eq.(3.1) yields:

dog _d{v2n[Q/2+m,)/m, ]}
o W2n[Qr2+m,)m,]

which is reminiscent of Eq.(2.2), but is self-normalised with only one main term.

(3.2)

Factor {2'2In[(Q/2+m¢)/m¢]} will now be interpreted in terms of work done in
compressing the proton’s internal gluon field. First of all, the size of the proton and its
pearls are governed by electromagnetic forces. For example, from Paper 3, the proton’s
effective radius is equal to the Compton radius:

o = i ImyC = (€% /mpc? Yoot = 0.2103fm. (3.3)
A trineon’s radius is (2/m)ao times smaller, and a pearl is 24 times smaller still. Proton
spin is given by:

S =Yampcrp = Yok, (3.4)
and this remains constant when a proton is accelerated by an electric field. Its relativistic
mass is therefore contained within a proportionally reduced proton radius, which stays the
same when the KE is converted temporarily into rest mass energy during a head-on
collision. However, the internal trineons and pearls are also proportionally reduced in size
but are strained to accommodate this temporary high rest mass density. This will generate a
small increase in the overall electromagnetic charge, as for the electron.

Now the gluon field strength operating around pearl, trineon, and proton
circumferences is also affected by having to accommodate the temporary high rest mass
density. Remarkably, the shrinkage of dimensions with relativistic mass increase is readily
accepted by the gluon field like an extended spring being relaxed. Work done is therefore
nominally negative potential energy, and o decreases, as follows. Let the gluon force field

acting around a pearl circumference, binding the constituent grains together, be given by:

Fy =—xg2/2nr | (3.5)
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where « is a constant, g° is an effective gluon charge squared for the proton, which will

empirically evaluate to:
[gz Ihec=ag = (JE In 2)‘2 =1.0406845 at (Q'/2=m,) in Eq.(3.1)}. (3.5a)

Work done to compress from an original radius r¢ to final radius rxe at the metastable rest
position is then approximately:

2nle 2
w= | (&] d(2nr)=—xg?hn [r—’] = kg2 In (%] . (36)
2y r m
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Here values of re and r¢ are inversely proportional to the pearl relativistic mass energy as
in Eq.(2.7). And, analogous to Eq.(2.7b), we might propose that mge represents (Q'/2 = Q/2
+me).

However, the extra m¢ in the numerator of Eq.(3.1) has to be explained as a residual
momentum transfer which remains as Q — 0, and Q'/2 — m¢ . It will be attributed to the
pearl itself having its own momentum within the trineon which travels around the proton at
velocity c. This is like Dirac's electron having internal spin velocity +/— c, as explained in
the real electron model of Paper 1. So, even very slow protons in collision will transfer this
momentum. Therefore W should be increased to:

(Q'/2+m/}

my,

W = —kg? In{ (3.7)

Finally we will set [kg? = \2 (g%/2nr¢)] arbitrarily, then normalise the magnitude of W by a
standard energy of self-interaction around the pearl (g%2mnr¢). Then the main factor in
Eq.(3.1) or Eq.(3.2) will equal the normalised compression work done:

\/Eln(Q'/”mﬂ]: 2|W| —W, . (3.8)

This expression accounts for Eq.(3.1) very well, and the abscissa Q' of Figure 2 is the
published value of Q, plus 2m; .

At first sight, the analysis appears to suggest that only one pearl in a colliding
proton conveys the total impact energy/momentum. However, the 9 proton pearls are tied
together by an elastic gluon field, which will rapidly equalise momentum transfer

throughout.
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4, Conclusion

Running of the electromagnetic constant o has been attributed to the work done in
compressing the electron’s internal structure, during a collision process. Generally, an
electron retains its basic design and spin, but shrinks in scale to accommodate its kinetic
energy. Only when this KE converts to rest mass in a collision, does the internal stress
cause an increase in charge, therefore o. A monotonically increasing power law fits the
empirical data very well.

Running of the strong coupling constant o has been attributed to the effective work

done in compressing the internal gluon field in a proton. This occurs when a proton is given
kinetic energy which then converts to rest mass energy in a collision process. A

monotonically decreasing law fits the empirical data very well.
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