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Abstract

We propose a quark-lepton unification model where quarks and
leptons share the same fundamental charge (—e), and the fractional
charges of quarks (e.g., —1/3e for strange quarks) arise from enhanced
vacuum polarization shielding. Using Laplace transforms, we derive
the running coupling a(Q?), incorporating contributions from all vir-
tual particles (electrons, muons, tauons, quarks). We integrate the
electromagnetic field energy over radial shells in the vacuum polariza-
tion region (2.16 fm to 33 fm), quantify the production rate of strong
and weak field quanta, and predict particle masses using a shell-based
model. Applying this to the omega minus baryon (27), we show that
its observed charge of —1e results from three —1le charges shielded by
a factor of 3. We further analyze how the running of the weak and
strong couplings relates to the shielded electromagnetic energy, esti-
mating the energy densities of all three fields to demonstrate energy
redistribution.



1 Introduction

The Standard Model assigns fractional charges to quarks (e.g., —1/3e for
strange quarks), as seen in the omega minus (27, sss, charge —le). We
hypothesize that quarks and leptons share a fundamental charge of —e, and
the fractional charges are due to vacuum polarization shielding. For three
closely spaced charges in the 27, overlapping electromagnetic fields enhance
vacuum polarization, reducing the observed charge beyond the IR cutoff (33
fm) from —3e to —le. We derive the running coupling using Laplace trans-
forms, integrate the field energy over radial distance, predict the production
of strong and weak field quanta, compute particle masses, and analyze how
the running weak and strong couplings relate to the shielded electromagnetic
energy, providing evidence for quark-lepton unification.

2 Running Coupling via Laplace Transforms

2.1 Massless Coulomb Propagator

The Coulomb potential for a charge e:

e
" Adweqr’
In natural units (h=c=1, ;== =1)
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The Laplace transform converts this to a momentum-space propagator:
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Using Feynman’s rules:
m = /A%d% = al,

where A is the UV cutoff (91.19 GeV, corresponding to the Z-boson mass).
This gives a non-running bare mass.



2.2 Screened Potential Propagator

The screened potential includes a mass term:
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o T 0 (m+ k)
Integrating with Feynman’s rules for a fermion of mass my:
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For multiple fermions:
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2.3 Running Coupling with All Virtual Particles

The running coupling a(Q?) arises from vacuum polarization:
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where ap = 1/137, Q = A = 91.19 GeV, and the sum includes:
e Electrons (m, = 0.511MeV, Ny =1, Qf = 1):

: ((91.19 x 10%)2

05112 ) ~ In(3.18 x 10'%) ~ 24.18,

e

1
Aol = —3- X 24.18 ~ —2.57.
Y8

e Muons (m, = 105.7MeV, Ny =1, Q; = 1):

91.19 x 103)2
n (W) ~ In(7.44 x 10°7) ~ 13.52,

Aa;l ~ —1.44.



Tauons (m, = 1776.8 MeV, Ny =1, Qf = 1):

01.19 x 103)2
In (#

(776.8)° ) ~ In(2.63 x 10%) ~ 7.87,

Aot ~ —0.84.

Up quarks (m, =2.3MeV, Ny =3, Q; = 2/3):
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~ In(1.57 x 10°) ~ 21.18
(23)2 > n( X ) )

9 2
Aa;t ~ 3 x (5) X (—2.57) ~ —3.43.

Down quarks (mg = 4.8 MeV, Ny =3, Qf = —1/3):

1.19 x 10%)2
1n((9 9 x 10°)

~ In(3.61 x 10%) ~ 19.71
(137 ) n(3.61 x 10°) ~ 19.71,

1\ 2
Aa;' ~ 3 x (5) x (—2.57) ~ —0.86.
Strange quarks (m, = 95MeV, Ny =3, Qy = —1/3):

1.19 x 10%)?
In (%) ~ In(9.22 x 10°) ~ 13.74,
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Ao~ 3 x (5) X (—1.46) ~ —0.46.

Charm quarks (m. = 1275MeV, Ny =3, Q; = 2/3):

1.19 x 10%)?
ln((9 9 x 10°)

~ In(5.11 x 10%) ~ 8.54
T35y ) n(5.11 x 10%) ~ 8.54,

[

92 2
Aa' = 3 x (g) x (—0.91) =~ —1.21.



e Bottom quarks (m, = 4180 MeV, Ny =3, Qy = —1/3):

01.19 x 103)2
o (#

~ In(4.76 x 10%) =~ 6.17
(4180)2 ) n(4.76 x 107 ’

1 2
Aay' =~ 3 x (g) x (—0.66) ~ —0.20.

Total:

Aa''~ —2.57—1.44 —0.84 — 3.43 — 0.86 — 0.46 — 1.21 — 0.20 = —10.01,

~ 0.00787.

1~ 137 —10.01 = 126. ~
Qo 37 0.0 6.99, « 126.99

This matches experimental values (a~! &~ 128) at 91.19 GeV.
2.4 Running Coupling for Three Charges
For three charges, Q. = 3 X th At r =33fm, Q. = 17.94 MeV:

e Electrons: In (%) ~ 7.12,

e Up quarks: In <(1(;:§‘)12)2> ~4.11,

e Down quarks: In ((1(1:2;12)2> ~ 2.64,

2

1 2\° 1
Aot~ —3—(7.12 +3x (5) x 4.11 4+ 3 x (§) X 2.64) ~ —1.48,
s

a !~ 135.52.
At r =2.161fm, Q. = 273.57 GeV:

Aa~la —12.01, o'~ 124.99.



3 Electromagnetic Field Energy with Run-
ning Coupling

3.1 Energy Density

For three charges:

3e 9¢? a(Q?
Etotal = 0 5 (4 ( ( eff)) .

4megr?’ 32m2egrt Qg

3.2 Integration Over Radial Distance

2 33 2
_ 9L/ 1 (M) dr ~ 1.80 x 10 MeV.,
2

87T€0 16 7’2 Qp

Shielded energy:

1
Ushielded = (1 — g) x 3 x 0.511 ~ 1.022 MeV.

3.3 Shell-by-Shell Attenuation
e 2,16 to 5 fm: U ~ 1.40 x 10 MeV,

e 5t0 10 fm: U ~ 3.50 x 10'® MeV,
e 10 to 20 fm: U ~ 8.75 x 10'" MeV,
e 20 to 33 fm: U ~ 2.50 x 107" MeV.

4 Production Rate of Strong and Weak Quanta

Shielded energy per quark:

1.022
Estrong, per quark — T ~ 0.341 MeV.



5 Energy Redistribution: Running Couplings
and Shielded Energy

5.1 Running of Weak and Strong Couplings

The weak (az) and strong («3) couplings run with energy scale, as shown in
Fig. 1 (Amaldi et al., 1991). At low energy (@ ~ 1 MeV):

e o =apy ~ 1/137,
e ay ~ 1/30,
e a3~ 1.
At the UV cutoff (Q = 91.19GeV):
o a1~ 1/126.99,

e ay ~ 1/30 (SU(2) coupling, relatively stable due to non-Abelian na-
ture),

e a3~ 0.1 (asymptotic freedom reduces the strong coupling).

The running of oy and a3 is governed by their beta functions:

dOéQ - bg 2 . 19 . .
im0 52 by = 5 (for SU(2), with 3 generations),
dOzg bg 9 . . .
= ——a;, b3=7T7 (for SU(3), with 3 generations and 5 active quark flavors at 91.19 Ge
dn@Q 21
Integrating:
07 (Q) = 03" (Qu) + 2 (2
? ? 2m Qo) ’
_ bs Q
a3 (@) = a3 (Qo) + 5~ In (@)
From Qg = 1MeV to Q = 91.19 GeV:
1.1 103
In (W) ~ 11.42,



e Weak: ay'(1MeV) = 30,

—1
a;'(91.19 GeV) =~ 30+ 29/6 x11.42 ~ 30—5.75 &~ 24.25, g ~ 0.0412,

m
e Strong: az'(1MeV) ~ 1,
7

07 (91.19GeV) m 14 o= x 1142 ~ 1+ 1271 ~ 18.71, oy = 0.0729.
m

These values align with Fig. 1, confirming the running behavior.

5.2 Energy Densities Using Running Couplings

In natural units, the classical Coulomb energy density for a charge Q:

1 Q Q?
—CeE), E=—% . y=_<2
R Adregr?’ “ 32m2egrt
In natural units (Q = /o, ¢ = 1):
«
u= :
8mrd
For three charges:
Uins — 901 (Q2g)
M 8rrt

For weak and strong fields, we adapt the energy density using their couplings
and ranges:

e Weak Field: Mediated by W/Z bosons (range ~ - =~ 2.5 x

myyc?
1073 fm), use a Yukawa-like potential:

9052 —2mwr
8mrd ’

Uweak ~

e Strong Field: Confinement scale ~ 1fm, use as:

9@3
S

Ustrong ~ (for r < 1fm, then drops due to confinement).



At r=2161m, Q.q = 273.57 GeV:

aq Qg 00412, a3 ~ 00729,

~ 124.09’

9 x (1/124.99)
Uu ~
M 87(2.16)*

~ 1.31 x 107 MeV /fm®,

9 x 0.0412

——e¢

87m(2.16)*
Ustrong =~ 0 (beyond confinement scale).

At r =0.5fm, Q. ~ 1182 GeV, a3 ~ 0.06:

9 x 0.06 3
Ustrong ~ m ~ 0.138 MeV/fm .

—2x80.4x103x2.16 5.37 x 10—4 % 6—3.47><105 ~ 0
~ . ~ 9

Uweak ~

5.3 Shielded Energy Redistribution
The shielded electromagnetic energy (1.022 MeV) is redistributed:

e Strong Field: Dominates within 1 fm, contributing to the {2~ mass
(1672 MeV).

e Weak Field: Negligible beyond its range.

The increase in a3 at low energies (e.g., ag &~ 1 at 1 MeV) corresponds to the
shielded energy converting into strong field quanta, supporting the binding
energy of the Q.

6 Particle Mass Predictions

Using the shell model:

mun = n(N + 1)771210(

=35.0n(N + 1) MeV,

Electron: n =1, N = 0, adjusted to 0.511 MeV,
e Muon: n =1, N =2, 105 MeV,
e Tauon: n =1, N =50, 1750 MeV,

Proton: n =3, N =8, 945 MeV.

9



7 Quark-Lepton Unification

The €27’s charge of —1le results from three —1le charges shielded by a factor
of 3, suggesting strange quarks have a charge of —1le, unifying them with
leptons.

8 Conclusion

This framework supports quark-lepton unification, with detailed running cou-
plings, field energy attenuation, mass predictions, and energy redistribution
analysis providing a cohesive model.
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Figure 1: Running couplings (1/ai, 1/as, 1/a3) in the Standard Model
(Source: Amaldi et al., 1991).
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Fig. 23: the reciprocals of the running couplings rep-
resenting electromagnetic charge, weak isospin
charge and sirong colour charge in the Standard
Model (far left) and in the Minimally Supersymmetric
Standard Model, “MSSM" (left, assuming a super-
symmetric partner mass scale of 1 TeV). The energy
scale is the logarithm of the collision energy in GeV,
s03is 10° GeV or 1 TeV, 5is 10° GeV, 10is 10'° GeV
and 15 is 10'5 GeV. The MSSM is a epicycle-type
contrived falsehood, since “unification” is not mere
numerology (making all running couplings exactly
equal at 10'¢ GeV by an abjectly speculative 1:1
boson:fermion supersymmetry). Unification instead
has a physical mechanism: sharing of conserved
field energy between all different kinds of charge.

The electromagnetic running coupling increases
with collision energy as you get closer to a particle
and penetrate through the shield of polarized vacu-
um which extends out to the Schwinger IR cutoff
(~33 fm radius). This “shielded” field energy is
checkably converted into short-range field quanta.

Scepticism about undeveloped alfernative ideas is psendoscience; science 18 unpreiudiced scepticism for mainstream speculations.

Figure 1: Running couplings (1/aq, 1/ag, 1/a3) in the Standard Model

(Source: Amaldi et al., 1991).
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