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The Origin of the Z and W Bosons

Sylwester Kornowski

Abstract: Here, within the Scale-Symmetric Theory (SST), we showed that the Z and W
bosons can be created due to three different mechanisms. One mechanism is associated with a
transition from electromagnetic interactions to weak interactions of protons with electrons in
the presence of dark matter (DM) while the second one concerns a transition from weak
interactions of protons to weak interactions of charges of protons, which mimic behaviour of
electrons in absence of DM, with muons associated with protons. In the first mechanism,
calculated mass of Z is 91.181 GeV whereas of W is 80.427 GeV while in the second
mechanism we obtained respectively 91.205 GeV and 80.385 GeV. The third mechanism
leads to masses of W bosons equal to 80.473 GeV and 80.380 GeV (mean value is 80.427
GeV). We showed that the recent cosmic-ray antiproton data from AMS-02 concern
transitions between different interactions a'so so the results do not follow from dark-matter
annihilation. Emphasize that in an earlier paper, we calculated lifetimes of the Z and W
bosons which are very close to experimental data.

1. Introduction

The initial conditions for the Theory of Everything (ToE) [1] lead to the phase transitions of
the initia inflation field, to the atom-like structure of baryons, and to structures of other
particles. Such problems are described within the Scale-Symmetric Theory (SST) [2], [3].
There is the two-component spacetime i.e. the Higgs field composed of non-gravitating
tachyons and the Einstein spacetime (ES) composed of the spin-1 neutrino-antineutrino pairs.
All more massive particles are built of the entangled or/and confined ES components —
sometime there can be some neutrinos also [2].

Among a thousand theoretical results calculated within SST [2], [3], we can find quantities
we will use in this paper (in the parentheses we compare them with experimental central
values [4]): the mass of electron, €, Myegronsst = 0.5109989 MeV (Myectroneq.=
Maectronsst [4]), the mass of muon, 1", Muyonssr = 105.6563 MeV (Mruonexp. =
105.6584 MeV [4]), mass of neutral pion, 7, Myion(g).sst = 134.9767 M€V (Myion(o) exp.
= 134.9766 MeV [4]), mass of charged pion, 7", Myion(+-).sst = 139.57041 MeV
(Myion(+ ) exp. = 139.57013 MeV [4]), mass of neutral kaon, K®, Myaon(o) sst = 497.760
MeV (Mon()ep. = 497.611 MeV [4]), mass of charged kaon, K, Miaon(+-),SST =
493.734 MeV (Maon(+ -)ep. = 493.677 MEV [4]), mass of the electric charge of the core
of baryons X'~ = 318.2955 MeV, the coupling constant for the weak interactions of



protons: Cly(proton) = 0.0187229, the coupling constant for the weak interactions of muons
with electrons in the absence of dark matter (DM) (the electrons can be replaced by X' 7):
aw(electron_n'uon) = 951108210_7 (X = aw(proton) / aw(electron_n'uon) = 19,6853), the f|ne'
structure constant for the electromagnetic interactions: olem= 1/ 137.036, and the coupling
constant for the weak interactions of protons with electrons in the presence of dark matter:

OL’W(proton-electron): 1.1194358-10™ (Yw = Olem/ OL’W(proton-electron) = 651.878).

Here, the symbols of particles denote their masses al so.

According to SST, the DM are the structures composed of the entangled (it is the
superluminal quantum entanglement [2]) ES components [5]. Such structures cannot
annihilate because of perfect stability of the stable neutrinos the ES components consist of .

2. Calculations

Consider arelativistic proton-antiproton pair which interacts electromagnetically with a pair
composed of charged pions. To protect the pair of pions from a quick annihilation, it interacts
with a spin-1 electron-positron pair. Next there is a transition from the electromagnetic
interactions of the proton-antiproton pair with the pair of charged pions to the weak
interactions of the proton-antiproton pair with the electron-positron pair in the presence of
DM. Due to such transition, the mass of the carrier of interactions, i.e. of [(z' €) + (7~ €")],
increases Y,, / 2 times and next decays to Z boson and neutral pion.

Why thereisY,, / 2 instead VY,,? According to SST, coupling constant for weak interactions
isdirectly proportional to the product of mass of ES condensate responsible for the interaction
and sum of masses of exchanged condensates. For a pair, number of exchanged condensates is
2 so0 coupling constant is two times higher i.e. instead oy is 20u, so instead Y,y is Yy / 2. This
problem does not concern X,, because in both the nominator and denominator there are the
coupling constants for weak interactions.

For Z boson we obtain following relation

[ +e)+(x +€)]Yu/2>Z+7°. (1)

Emphasize that spin of the ee pair is unitary so of the Z boson as well. According to SST,
the structure on the left side in relation (1) collapses to the ES condensate [6] but before it,
there is exchanged neutral pion between the structure and colliding proton — it could be two
photons but the structure is electrically uncharged so there is exchanged the lightest meson i.e.
neutral pion. On the other hand, the structure collapsing to W boson, which is electrically
charged, exchanges with colliding proton two low-energy photons (their total spin must be
egual to zero) — it can be abinary system of ee pairs (see relations (2) and (4)).

According to SST, the spin-1 Z and W bosons are the ES condensates composed of the
confined ES components (the Z and W bosons rotate). The Einstein spacetime components
are the still undetected neutrino-antineutrino pairs. They are the carriers of gluons and
photons which are their rotational energies. The different properties of the gluons and photons
do not follow from different structure of the carriers (their properties are the same and they
have the three internal helicities/colours) but due to their interna helicities, they behave
differently in fields having internal helicity (the nuclear strong fields have internal helicity so
there are 8 different gluons) and in fields without internal helicity (the electromagnetic fields
and gravitational fields do not have internal helicity so there is 1 photon). We can see that
photons inside the nuclear strong fields behave as gluons [2].



Applying the SST results and formula (1), we obtain mass of Z boson equal to My =
91.181 GeV -this value is very close to the experimental result: 91.1876 = 0.0021 GeV
[4].

One of the two charged pions can be neutral. But initially all particles must be electrically
charged because of the oLgm in the nominator of Y,,. It leads to conclusion that initialy the
neutral pion must decay to muon and electron. For W boson we obtain following relation

[(eN+€)+(m +€)] Yu/2>DW +2(e" €). )

Emphasize that spin of the ,u_e+ pair is zero whereas of the € € pair is unitary so of the W~
boson is unitary also.

Applying the SST results, we obtain mass of W™ boson equal to my,= 80.427 GeV - this
value is very close to the experimental result: 80.385 = 0.0015 GeV [4].

We can calculate the masses of Z and W bosons applying the second mechanism as well.
Notice that the objects carrying mass equal to the mass distances between charged pion and
neutral pion or between neutral kaon and charged kaon are electrically charged. Initially, the
charged objects with masses equal to the mass distances interact weakly with proton. Next,
the created X" X" pair, which mimics behaviour of electron-positron pair in absence of DM,
interacts weakly with a muon-antimuon pair associated with proton. Why, contrary to ee
pair, the X" X" pair do not interact with DM? SST shows that a particle can behave in a
guantum way only when its mass density or surface density is close to mass density or surface
density of field in which the particle is embedded. Then such particle can disappear in one
place and appear in another one, and so on — it leads to the wave function. Surface density of

the charges X" is about 300,000 times higher than the Einstein spacetime [2] so they

behave classically. Such behaviour does not lead to wave function so X~ ™ cannot interact
with DM which occupies the part of the Universe filled with baryonic matter.

The second mechanism leads to following relation for Z boson (it is an analogue to relation
(1))
("= X+ X] + (@ +X) D> Z+7°. ?3)

Emphasize that spin of the X"X" pair is unitary so of the Z boson as well.
Applying formula (3) and the SST results, we obtain mass of Z boson equal to My =
91.205 GeV.
The second mechanism leads to following relation for W boson (it is an analogue to relation
(2))
[(K=K) Xy + X+ (K°+X) > W +2(e" €). (4)

Applying formula (4) and the SST results, we obtain mass of W' boson equal to my=
80.385 GeV.

There is the third phenomenon that leads to the mass of the W boson. SST shows that there
are 4 different ES components which are the carriers of the gluons and photons (gluons and
photons are their rotational energies so there are left-handed and right-handed gluons and
photons) [2]. There are only 4 different ES components because during the SST inflation, the
tau-neutrinos were not created — they were produced at the end of the SST inflation when
creation of ES was ended (see[7] plus[8]). Contrary to electromagnetic and weak fields, only
nuclear strong fields have internal helicity so they “see” the internal-helicities/colours of the



ES components [2]. It leads to conclusion that a lightest spin-O structure, which conserves

spin and internal helicity of the nuclear strong field, must consist of 8 different rotating ES
components — then such structure in the nuclear strong field does not interact strongly but it

can interact electromagnetically or weakly [9]. A structure composed of 8 rotating different
ES components can transform into 8 electron-positron pairs; S= 8y = 8g = 8(e'e) = 16e
= 8.175982 MeV. Notice that a bare S structure has mass Syare = 1664re = 8.166512
MeV, where €are = 0.5104070 MeV [2].

The third mechanism leads to following relation for W boson

SXy> W + W . (5)
From this relation we obtain my,= 80.473 GeV. But there can be as well
S)arexwéw + W (6)

From this relation we obtain my,= 80.380 GeV. The arithmetic mean of results obtained
from (5) and (6) ismy,= 80.427 GeV —the same result we obtained applying formula (2).
In an earlier paper [6], we calculated lifetimes, 77, of the Z and W bosons/ES-condensates

zw=RI1T= Rl (2" cwprowon M &), 7

where [ is the decay full width and M is the mass of the Z and W bosons.
Applying formula (7) we obtain following lifetimes [6]

;=27310%s, (8)
w=3.1010%s. (9)

Obtained results are very close to experimental data[4]: tzep = (2.6379 0.0024)-10"25
sand twep = (3.157 + 0.064)-10 > s,

Notice that the transitions between interactions can change masses of the cosmic antiprotons
also. For example, the transition from the strong interactions of mesons inside antiproton via
gluon loop (the coupling constant is ag™® = 1 [2]) to the weak interactions of antiproton
increases mass of the antiproton to Parti 0ts™° / Cw(proton) = 50.1 GeV, transition from
strong interactions of mesons to electromagnetic ones increases mass of the antiproton to

Panti 0% | Olem = 128.6 GeV. The arithmetic mean of these two masses in respect of the

coupling constants is 2 Panii 0ts” > / (Ow(proton) + Gem) = 72.1 GeV, and so on. It suggests
that the recent cosmic-ray antiproton data from AMS-02 [10], [11], do not concern DM
annihilation.

3. Summary

The two mechanisms of creations of the Z and W bosons described within SST lead to
masses very close to experimental results. It shows that within SST we can calculate the
initial parameters applied in the Standard Model (SM) (this paper and [2]). This leads to
conclusion that SST is the more fundamental theory than SM.



We showed that the recent cosmic-ray antiproton data from AMS-02 do not concern dark-
matter annihilation.
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