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The vector boson wave functions are built by combining the fermion wave functions, coupling constants, partial
derivatives and the generators of the symmetry groups which these vector bosons are associated with. This representation of
the gauge bosons allows one to explain a wide range of the facts relating to the elementary particles in a natural and simple
form. The visible traces of the flickering nature of the early stages processes in the universe, usually called Big Bang
processes, in the nuclear scale properties of the chemical elements is also discussed..

The possible original SU(2). H SU(2)r symmetry  leads to the customary definition of the Z boson and to
of the fermions allows us to consider the electroweak  the well - known Mw - Mz mass relation [5].. In this
interaction bosons W: and B: as the fused states of  work we build the wave functions of the vector bosons
the fermions [5]. by combining the fermion wave functions (the

There are two sets of the vector bosons in this  complex Dirac fields) R(x), the coupling constants,
model, (W:)., (B:)L and (W:)gr, (B:)r, belonging to the  the generators of the corresponding symmetry groups
domains of the left - handed fermions and right -  of these vector bosons and the partial derivatives
handed fermions, respectively. The coupling of the  M:, which recover the Lorentz indices of the vector
(B:)c to the right - handed fermions breaks the SU(2).  boson wave functions. In the case of the B:, the
H SU(2)r symmetry. symmetry group is U(1) which has the unit matrix as
The assumption of the proportionality of the its only generator. Therefore the ingredients of the
electroweak vector bosons' masses to their normalized B: wave function will be R(x), the

corresponding coupling strengthsl coupling constant gr and M::
Mw/Mg = g/gN @) |
B:(x) = R*(X)(i/gr)M:R(X)/(R*(X)R(X)) )

The local gauge transformations exp{-i7(x)) of R(x) produce the familiar gauge transformations for the B:(x):
B:(x) 6 R*(x)exp{i7(x)) (i/gr)M:exp{-i7(x)) R(X)/R*(X)R(X)) =
R*(x)(i/gr)(M: - i M:(x)) R(X)/(R*(X)R(X)) = B:(x) + M:(x)/gr
B:(x) 6 B:(x) + M:(X)/gr (3)
The triplet of the vector bosons W: can be represented as
(W): =R*(X)Fi(2i/g)M:R(x)/(R*(X)R(X)) 4

Here R(X) is the fermion, spinor doublet and F; are Pauli matrices.
As we will see in the following discussion the non - Abelian infinitesimal gauge transformations of the fermion
doublets

R(x) 6  exp{-iFi7i(x)/2)R(X) (5)

indeed generate the local gauge transformations for the vector bosons W:.. The phase shift for the R(x), Eq. (5)
induces the following transformation for the vector boson field:

(W1): 6 R*(X)exp{iFi7i(x)/2)Fi(2i/g)M:exp{-iFi7i(x)/2) R(X)/(R *(X)R(X)) =

R *(X)exp{iFi7i(x)/2)F[(2i/g)M: + (1/g)FiM:7i(x)]exp{-iFi7i(X)/2)R(X)/(R *(X)R(X))
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The two terms in this equation correspond to the (W): +(7(x)HW:(x))1 and M:7,(x)/g terms of the local gauge
transformations of (W)):, respectively. For the former term, because of the infinitesimally small values of 7;(x),

F exp{-iFi7i(x)/2) =F (1 - iFi7i(X)/2) =F - i(FiF| + 2i g|ika)7i(X)/2 = (1- iF; 7i(X))F| +i g|ik7i(X)Fk =
1 - iR7002)F + giaTi(X)Fe = exp{-iFi7i(x)/2)F + (7T(x)H F)1 = exp{-iFi7i(x)/2)(Fi + (7(x)H F)i)

In the last line we took into account that these calculations are done up to the first order only in 7i(x). Similarly,
because of the infinitesimal nature of the gauge transformations typically considered, in the term with the
derivative of the 7i(x), exp{-iFi7i(x)/2) can be readily taken to the left side of F; up to the first order in 7i(x)
calculations and for the product FiF; we use the anti commutation property of the Pauli matrices and take into
account that both | and i are dummy indices at the scale of Lagrangian or cross section expressions:

(M/g)RFi M:7i(x) 6 (1/(29))(FiFi + FiFi) M:7i(x) = M:7:(x)/g

We can describe this transition procedure more explicitly as follows: FiF; is sandwiched between ~_ and ~g
structures in the cross section expressions and by using the anticommutation relations for the Pauli matrices we
can write

~ FFi~r = ~FiF~r +2 ~L*il ~r 6 ~ FIFi~r + ~LFiFI~r = 2 ~L*il ~r

The two terms on the left hand of side of the second equation are equal because | and i are dummy indices.
Therefore

~LFFi~r = ~L%il ~r

In summary as a result of the gauge transformation of the second kind the vector field W': undergoes the
transformation essentially the same as the well familiar transformation of the electroweak vector bosonl

W6 W + (7()HW:(X))' + M:7'(xX)/g (6)
If we add a leptonic hypercharge factor Y = -1 to the | space - time trajectory than fermions. This more
argument of the exponent in the gauge transformation,  awareness feature of bosons makes them also a good
exp{-iFi7i(x)/2) 6 exp{-iYFi7i(xX)/2), we will get the choice as the interaction intermediaries. The Pauli's
second and the third terms in Eq. (6) for the gauge exclusion principle could well be the consequence of
transformation with minus sign. This is good enough this difference of fermions from bosons. Gauge
for the field strength W:< to transform like a vector transformations formula for bosons consist of two
under the gauge transformations. We can argue that  parts, quantum mechanical part and essentially
these fused state fermions do not act in the ordinary  classical part, M: Denominators in Eq. (2) and Eq. (4)
space - time. Here we are talking about Planck take off most of the quantum mechanical nature of
distance scale processes.Z: and A: fields themselves  gauge bosons and this may well lead to the quantum
are formed by adding up two fields, multiplied by the  mechanical part plus classical mechanical part type of
coupling constants (Eq.(10) and Eq.(11) in this paper).  formula. One could conduct Bohm - Aharonov effect
One can consider the phase factor 7(x) (its derivative  type of experiment to see if the gauge transformations
more precisely) inducing the gauge transformations of the gauge bosons lead to the change in the
also as some type of field created due to the formation interference pattern. Instead of two electron beams
of the ordinary space - time. The ingredients of the  two photon beams should be used here naturally.The
electromagnetic field, the electric field E and the challenge here is to make the medium between the
magnetic field B are also different forms of slits and the interference patterns detection screen as
derivatives of the electr:omagnetic four - potential A.. non - uniform as possible to induce large enough
The structure of the B:, Eq.(2) and W:, Eq.(4) value for M:7i(x). At CERN photon - photon
fields is close to partial derivative M: of InR(x) interactions are often studied via ultraperipheral
sandwiched by R*(x). It is natural to expect that the collisions (UPCs) of heavy ions, such as gold or lead
structure InR(x) will reveal smaller experimental [8]. Part of theinteraction effect could well come from
fluctuations than the fermion field R(x) itself. So one  the highly non - uniform environment created in these
must expect smaller standard deviation factor in the experiments. PVLAS experiments conducted there
vector boson related data according to its Eqg.(4) strongly support the presence of new physics in the
structure. One would say that vector bosons are more  domain of these experiments, typically ascribed to the
‘comfortable’ (more aware of movement) along the existence of axions.

1 \We wrote the vector field in a contravariant form here for the sake of brevity of notations and
for its more customary look

37



EIZULI AGAMUSA MAMEDOV

A few words about the Lorentz covariance aspect
of the boson field structures in Eq.(2) and Eq.(4)
discussed earlier. After the gauge transformation we
have gotten two component and three component
expressions, Eq.(3) and Eq.(6). Each term in these
expressions is Lorentz covariant to the four -
dimensional vector. This is most visible in the last
component, in the M:7(x) term, in these expressions.
This component is the simplest form of four -
dimensional vector. Eq.(2) and Eq.(4} forms for gauge
bosons could also be a good starting point to bring
together quantum mechanics and the theory of
relativity. The right - hand side of these equations is
built of quantities inducing 'spooky action at a
distance' (A. Einstein), but the quantities in the left -
hand side, the gauge bosons are unlikely to induce
'spooky action at a distance'. Fractional form of these
equations trims part of the quantum mechanics nature
of wave functions.

The phase shift factor 7(x) of the gauge boson
fields defined by the Eq.(2) and Eq.(4) reveals their
important space - time related property. It is the
presence of this phase shift that gives the four -
dimensional vector M:7(x) in the explicit form (Eq.(3)
and Eq.(6). So in order for the B: and (W)): fields
defined by Eq.(2) and Eq. (4) to be Lorentz - covariant
to the customary four - dimensional boson fields the
phase shift has to be present all the time. In other
words, the fields with this type of structure always
have to move in non - uniform space - time
environment, all the gauge boson intermediaries
should be in the condition of constant motion.
Metaphorically speaking, we cannot get a cup of
bosons in the lab which makes them different from the
fermions. Therefore to be the interaction
intermediaries is their chance to exist. Fermions and
gauge hosons can be considered as complementary
physical quantities to some extent, fermions shape the
the space - time (the universe), through their masses,
the masses of the atomic nuclei and electrons mainly.
The gauge bosons from the other side create
interactions among the elementary particles by
traveling through this space - time. This approach to
understanding the properties of massive gauge bosons

another question. Are the photons indeed massless?
The energy - mass elation formula

E = moc?//{1 - V?/c?} @)
does not forbid the existence of massive photons. By
squeezing mg 6 0 and v 6 ¢ we can still get a finite
photon energy. It is true that after the certain value of
the photon mass we will encounter the quantum
fluctuations aspect of this procedure. We also see the
parallelism of energy - mass formula to the boson
structure formulas discussed above: we can talk about
the photon energy within the realm of the partial
derivatives (their ratios) only. Moving from the
Heisenberg's uncertainty principle objects, the wave
functions R(x) to the structures with the partial
derivatives by itself is an indication to the shift to the
Lorentz - invariance world, we can have consistent
equations with derivatives, with infinitesimally small
quantities present, in the Lorentz -covariance, Lorentz
- invariance world only.

In the frame of the currently used models for the
elementary particles, there is a noticeable disarray of
the values for thehypercharge of particles, the
particles' coupling intensity indicator to the most
fundamental field. It is natural to expect that at the
most fundamental level hypercharges of particles are
distributed according to the definite type of symmetry.
SU@2). H SU2)r symmetry model of bosons
discussed in [5] brings significant clarity to this
situation. The scalar doublet introduced in the
Standard Model leaves the hypercharges of particles
unchanged, the spontaneous symmetry breaking
process does not affect quantum numbers of
elementary particles. The fermion fusion model
approach does not have an explicit Lorentz
invariance violation problem too in the shift in the
symmetry process.

We have already told earlier that it is most likely
that the fermion - vector boson couplings appear after
the shift in the symmetry. In terms of the Lagrangian,
this means replacement of the Lie derivative M: by the
covariant derivative D:. Interestingly, the replacement
of M: by D: has no significant effect on the definitions

brings them one step closer to photons. Here we have | of the B: field:

B:(x) = R*(X)(i/gr)D:R(X)/(R*(X)R(x)) = R*(X)(i/gr)(M: + igrB:(X))R(X)/(R*(X)R(x)) =

-B:(x) + B%(X)

Or

B:(X) = B%:(x)/2

®)

Here B°:(X) is the B:(x) field defined through M: only. We can interpret this twice smaller value of the B:(X)
field as follows: the emergence of the covariant derivative factor mitigates the shift in the symmetry process.

For the vector boson W:(x)

(W): = R (X)Fi(2i/g)D:R)(R*(X)R(X)) = R*(X)F(2i/g)(M: - iFi/2(W;):)(x)/(R*(R(X)) =

(W% + (LIg)RY(X)FIF/2(Wi):(X)/(RT(X)R(X)) 6 (Wi)°: + (1/2g)R*(X)(FiFi + FiF)(Wi):(X)/(R*(X)R(x)) =

(W1)°: + (Lg)(Wh):

(1 - Ug)(Wi): = (Wi)%: or (Wi): = (W) /(1 - 1/g)
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EQ.(10) tells us that in reality the (W)): field
might have a slightly more complex structure than
described by Eq.(4) (compare Eq.(9} and Eq.(10)..The
replacement of the M: by the D: does not change the
field strength B:< for the B: field. For the triplet of
vector boson (W): this leads to the emergence of the
self - coupling term in the F:<:

Fi< = M:(W)< - M<(W)< - ggik (WH): (WK)<

This essentially familiar difference between
these two fields resonates well with the lw = 0 nature
of the B:.field. Its interactions with the other particles
occurs at the more fundamental level.

The replacement of the derivatives M: by the
covariant derivatives D:, the emergence of the
interactions among the particles, is the result of the
appearance of the 'curvedness' in the space - time after
the shift in the symmetry. Different points of the space
- time are no longer equal for the wave functions R(x),
grYB: and g(Wi):)F/2 are the measures of this
difference of the points of the space - time.
Interestingly, the mass terms for the vector bosons,
Mg?BIB' and Mw?WIW!2 are Lorentz invariants
built out of the measure of the ‘curvedness' of the
space - time, grB: and g(Wi):)Fi/2, respectively, up
to the coefficient k, discussed in [5] (see also Eq.(1)):
during the early stages of the formation of the
universe the symmetry priority shifts to the space -
time symmetries. The coupling constants g and gr
drop out of the fermion - vector interactions
Lagrangian completely, if the B: and W: fields are
defined by Eq.(2) and Eq.(4), respectively. The
perturbation series terms should still decrease from the
lower to the higher order: the product of probabilities
of two (or more) transitions is always less than or
equal to the probability of one of the transitions and
the vertices in the Feynman diagrams correspond to
the transitions between the spinor fields (fermions).
This aspect of the theory also supports the idea that
fundamentally g and gr are part of the mass
generation mechanism only in the shift in the
symmetry process bringing quantum field theory one
step closer to the theory of gravity.

The structure of the massive Z: field

Z: = (gW2: - grB: )/I{g? + gr?) (10)
somewhat resembles the structure of the covariant
derivative, the full differential minus the 'universal
influence'2, B: related differential: it consists of the
difference of the 'creases in space - time' created by
the W: and B: fields. The massless A: field is a
different form of manifestation of the fundamental
fields, it has a symmetrized or redistributed form of
the mass generating factors, gand gr.

A: = (gr'We: + gB: )I{g? + gr?) (11)
We can say that the A: field partially regains the
pre Big Bang symmetry of the fields. For the gauge

2 Richard Feynman
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transformations of the vector boson W and A field
alike we have the coupling constant in the
denominator. According to Eq.(1) the bigger the
coupling constant the bigger the corresponding
particle's mass. Bigger particle mass creates bigger
creases in space - time around the particle according to
the theory of General Relativity, bigger derivative
M:7(x) and the coupling constant in the denominator
brings balance to this tendency making the
contributions of the 7(x) HW and M:7(x)/g terms
always comparable to each other. This resonates well
with the discussion above of the Z boson and the
electromagnetic field A. It is also reasonable to
believe that similarity of Eq.(1) to dipole radiation
zero condition [9] is not accidental. The tiny
deviations of the B: and W: fields from their original
positions would not lead to some type of radiation at
the early stages of formation of space - time. At the
Planck distance scale gauge bosons might well form a
dipole due to the gravitational attraction. The process
which we usually call as Big Bang must be a process
of shift in the symmetry and/or symmetry
requirements for producing the certain structures
which we could call higher instance products. The
zigzag picture of nuclear binding energy of chemical
elements tells us complex and certainly not unique
nature of this process: different universe, different
masses of particles and different values for the binding
energy of nuclei. The binding energy, nuclei radii and
decay time parameters of nuclei from helium up to
uranium fit into one quite interesting picture. The
experimental data of the radii of atomic nuclei are
available only for several chemical elements currently,
at least through the internet search. Because the radius
of the Helium nucleus has been measured only
recently [10], it looks plausible to work with the
readily available experimental data. The premodial,
more precisely Big Bang times produced elements, Li’
and Be’ have visibly small binding energies. Li’ has a
binding energy per nucleon 5.6 MeV.

The available data for its nuclear radius is 4.5 fm
[11], which is significantly bigger than the one
calculated by the empirical formula

r=roHA (12)
even when the value r, = 1.5 fm is used for the
calculations. The stable isotope of berillium, Be® also
has a relatively small binding energy per nucleon. The
iron Fe% isotope, the isotope with the highest nuclear
binding energy per nucleon (together with the Fe®®
isotope) has a relatively small nuclear radius [12]. The
uranium isotopes also reveal these binding energy -
nuclear radius - stability tendencies. The nuclear
radius of the U?3 isotope is noticeably larger than that
of for the U?® isotope, larger than predicted by
Eq.(12), has smaller binding energy and substantially
larger half - life time. The following table succinctly
exhibits these mentioned features of the nuclei.



FIZULI AGAMUSA MAMEDOV

nucleus binding energy, p.n., MeV radius, fm half - life time, 10° year
Li’ 5.6 45 stable
Be® 6.30 - stable
Fe® 8.79 3.74 stable
23 7.59 7.0 0.704
yzse 7.5 7.4 4.5

These features of nuclei fit well into following
picture of early stages of the universe's formation.
After the first sudden expansion some compression
processes also followed for this particular universe.
This must be the reason why the binding energies of
nuclei have a zigzag form for the primordial nuclei.
Different kinds of atoms experienced differently the
impact of Big Bang. Li and Be nuclei felt the shift of
symmetry at largest scale. They have low binding
energy, that means bigger mass per nucleon and
bigger nuclear radius (occupying bigger space). The
same feature is true for the iron nucleus. Smaller mass
per nucleon and smaller nuclear radius. The question
here is can the nuclear forces partially squeeze
nucleons back into pre Big Bang state here and there?
The available data for the uranium isotopes confirm
this scenario of the shift in the symmetry with their
additional half-life time data. The U?® has bigger mass
per nucleon, bigger nuclear radius and substantially
bigger half-life time. Therefore we can say it had
experienced the impact of the Big Bang much more
than the U?% isotope did so.

We can see the same pattern of the nuclear
binding energy - nuclear radius relation among the
iron isotopes too. The stable iron isotope Fe®®, which
is also the most abundant isotope on Earth, has almost
the same nuclear radius  (3.738 fm) as another iron
isotope, Fe>* (3.735 fm) [12], yet it has noticeably
higher binding energy per nucleon.

Taking into account the extreme relevance for
the daily life, it also looks plausible to discuss the
wider range implications of above mentioned features
of the nuclear isotopes. Could the life also be another
channel of continuation of the Big Bang processes,
shift in symmetry processes? The available data on the
impact of the lithium and beryllium on human body is
consistent with this idea. Lithium, the chemical
element with the biggest impact of the shift in the
symmetry, is widely used for the healing of the
nervous system, the core of the human organism.
From the other side the excess of next chemical
element with the next biggest impact of the shift in the
symmetry processes,

Beryllium often leads to the cancer disease, to
the abnormality in DNA, to its hyperactivity. DNA is
also the core of the living creatures with a different
approach to the matter. So here we see extremely
subtle interplay of the nervous system, DNA and after
Big Bang, shift in symmetry processes. From what
have been said it is tempting to conclude that the
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nervous system is more fundamental feature of the
living creatures than DNA is (lithium vs beryllium),
the former revealing itself at the later stages of
evolution only.

CONCLUSIONS

The representation of the gauge bosons as the
fused states of the fermions allows us to explain a
variety of the facts relating to the elementary particles
in a natural and simple form. According to this
approach to the elementary particles, the triplet of the
vector bosons W: and the singlet vector boson B:
which contributes to the electromagnet interactions
only in the capacity of the electroweak interactions
intermediaries, originate from the same source. An
assumption of the simple relation between the masses
of the electroweak vector bosons and coupling
constants Eqg.(1) leads to the 1) well - known
definitions of the Z boson and photons as the mixed
states of the W: and B:, 2) the correct Mz - Mw
relation, which is among the major results of the SM
supported by the current experimental data.

The wave functions of the vector bosons built out
of the fermion wave functions R(X), the partial
derivatives M:, the coupling constants and the
generators of the corresponding groups readily
reproduce their gauge transformation properties. This
successful results somewhat resemble us ancient
Greek philosopher Plato s4 endeavors to build the
model of the universe out of the regular polyhedra and
polygons with the difference being in the usage of the
contemporary tools and standards in describing nature.

The self - couplings of the vector bosons
belonging to the non - Abelian groups appear to be
also the consequence of the shift in the nature of
symmetry, the mathematical expression of which is
the replacement of the partial derivatives M: by the
covariant derivatives D:. The u niversality of the
gauge couplings occurs because after the shift in the
symmetry, certainly the same measure of the
‘curvedness' of space time, grB: (times the
hypercharge of the particle) or g(Wi):Fi/2, is added to
the partial derivatives M:. Besides, different from
the B:, due to the lw 1 value the triplet of the
vector bosons W: are 'aware' that all the fermions are
the members of the electroweak doublets and therefore
the fermion - triplet vector boson couplings do not
include additional charge factors.
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