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Abstract

The Standard Model of particle physics requires nine lepton and quark
masses as inputs, but does not incorporate neutrino masses required by neu-
trino oscillation observations. This analysis addresses these problems, ex-
plaining Standard Model particle masses by describing fundamental particles
as solutions of Einstein’s equations, with radii 1/4 their Compton wavelength
and half of any charge on rotating particles located on the surface at each end
of the axis of rotation. The analysis relates quark and lepton masses to elec-
tron charge and mass, and identifies neutrino masses consistent with neutri-
no oscillation observations.
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1. Introduction

The particle physics Standard Model involves three trios of charged fermions,
three neutrinos, three spin one bosons with average charge zero, and a scalar
Higgs boson. The nine charged fermion masses must be provided as inputs to
the Standard Model. Neutrinos are massless in the Standard Model, in conflict
with observations of neutrino oscillations. This analysis resolves these problems
by describing particles as solutions of Einstein’s equations, with radii 1/4 their
Compton wavelength /and half of any charge on rotating particles located on
the surface at each end of the axis of rotation, to explain Standard Model masses
consistent with PDG 2020 [1] and neutrino mass error bars. Particle internal
mass and pressure distribution is described by cubic equations for / in each
charge state, allowing at most three particles in each charge state. This analysis
replaces the Standard Model assumption of massless neutrinos that conflicts
with neutrino oscillation observations, and avoids point particle infinite density.

Charge neutrality of the universe is important to the analysis.
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2. Cubic Equations for Wavelengths from Mass
and Pressure Distribution

Internal particle mass and pressure distribution, involving volume ~ I°, surface
area ~1?, and diameter /2, results in cubic equations in /and allows at most
three particles in each charge state. Describing mass and pressure distribution

with surface and linear elements requires minimum surface shell thicknesses and
[nG
axial core radii near the Planck length I, =, |—- . Total particle mass is the sum of
C

mass equivalents of pressure, /2, in the volume, mass equivalent of surface pressure

2 4 (1Y 4 p(1Y 1Y | ,
—SI°,and coremass LlI.So —mp|—| =—n—=|—| +4nS|—| +2L| —|. This
4 3 4 3 2\4 4 2

cubic, written as AI*—BI>-Cl =0 with A:%p, B:?,and C=2L,has

discriminant A = B2C2—4AC®.

3. Charged Fermions

The Standard Model involves three constituent quarks in protons. With electron

charge —e and two trios of quarks, hydrogen atom charge neutrality requires two

2e —e
charge 3 up quark and one charge 3 down quark constituent in each

2

. e 1 . .
proton. Using the fine structure constant h_zﬁ’ electrostatic potential
Cc

energy from repulsion between equal surface charges at opposite ends of the ro-

2 2 2
tation axis is (qej (Ij:qzmc2 € =q° me . With electron mass m,,
6 2 18nc 2466

electrostatic potential energy of charged ground state fermions is identical if up

quark mass = 4m, and down quark mass = 9m., well within PDG 2020 error
bars.

Discriminant A is positive for fermions regardless of the sign of B, so the cubic
has three real roots corresponding to three fermion Compton wavelengths in
each charge state [2]. Wavelengths in each charge state are projections on the /
axis of vertices of Nickalls triangles, centered on average wavelength |, (a)
and circumscribed by circles with radius R(q) intersecting the / axis at
lyy (4)+R(q). Largest wavelength I, (q)=1,,(q)+ R(q)cos[&(q)} , smallest
wavelength 1,(q)=1,,(q)+R (q)cos[@(q) + 275/3] , and intermediate wave-
length 1,(q)= lovg (a)+R(a)cos| O(q)+4n/ 3} . Nickalls triangle offset distance,
in Figure 1, is d(q)=/R?(q)-D?(q), where D(q)=R(q)-L(q)-1l,,(q)-
With up quark mass = 4m, and down quark mass = 9m., hydrogen atom charge

2e
neutrality relates lepton wavelengths to quark wavelength in charge states 3

and _?e by d(-e)=d (%ej -2d (%) . Strange quarks, with lowest mass and

longest wavelength of 2°¢ and 3 generation fermions, have greatest “leverage”
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on Nickalls triangle orientation, and PDG 2020 masses satisfy the d(q) rela-
tion if strange quark mass is increased 0.5% to 93.45 MeV/c?.

Fermions described [3] as Godel solutions to Einstein’s equations have matter

. » _48nc . 1 , 24nc
energy density pc° = o vacuum energy density -5 pC = and
T T
Lo s 3¢l (a) .
fermion internal gravitational constants G = . Fermion

1[0.21, () ~1,, (a) ]

equatorial tangential velocity > ¢ allowing closed time-like curves, is pathologi-
cal in Godel cosmologies but not a problem in fermions unchanged from crea-

tion to annihilation.

4. Neutral Particles

Considering our universe as a closed vacuum-dominated Friedmann solution of
Einstein’s equations so large it is almost flat, with Hubble constant

H, =67.8km-sec™-Mpc™ and Q, =0.692, cosmic vacuum energy density is
p, =5.98x10¥g / cm® [4]. Electron neutrinos are neutrino ground state if

electron neutrino vacuum energy density is the negative of cosmic vacuum

. . . ’24?1
energy density, with electron neutrino wavelength |, =4 and mass
TpC

m, =1.36x10eV . Neutrino oscillation data [5] mZ-m?=7.37x10"°(eV)’
and m} _l(mf +m? ) =2.50x107(eV)’ estimates m, =8.58x107°eV,
2

m, = 5.08x107 and neutrino mass sum 0.61 eV, about half Vagnozzi’s [6] 0.12
eV upper bound on neutrino mass sum.

Electroweak symmetry breaking requires three vector bosons with zero average
charge: W. (mass m, =80379 MeV/c? and |, =2.45x10°F) and Z (mass
m, =91187.6 MeV/C2 and |, =2.16x10°F ). Two equal W. wavelengths occur
if discriminant A =0, requiring B’ =4AC, p= %ns—: , and vector boson in-

L 25¢°1°
ternal gravitational constants G; =

. Scalar Higgs bosons (mass

my, =125100 MeV/c? and |, =1.58x10°F) have no rotation axis, and no /
term in mass equivalent distribution. So only one charge zero scalar particle is

allowed, AI-B=0, S= % , and Higgs internal gravitational constant
Ty

_
"o

These results account for the masses of all Standard Model particles with zero

average charge.

5. Relation to Point Particle Idealization

Classical physics idealizes the force of gravity between extended bodies as the

force between masses concentrated at the center of mass of each body. The ma-
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thematical construct corresponding to the center of mass of extended Standard
Model particles provides a link to the idealization of point particles in quantum
mechanics. At the instant of particle-antiparticle creation, the centers of mass of
the respective Einstein solutions coincide and the spin axes are aligned. Corres-
pondingly, at the instant of particle-antiparticle annihilation, the centers of mass

of the respective Einstein solutions coincide and the spin axes are aligned.

6. Conclusion

Describing Standard Model particles as solutions of Einstein’s equations, with
radii 1/4 their Compton wavelength and charge on rotating particles located on
the surface at each end of the axis of rotation, explains Standard Model masses
consistent with PDG 2020 and neutrino mass error bars. Study of interacting

Einstein solutions with radii 1/4 Compton wavelength of their mass seems justi-
fied.
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Appendix: Cosmological Context

Our universe can be described as a closed vacuum-dominated Friedmann solu-
tion of Einstein’s equations so large it is almost flat. If there are compact extra
dimensions, the universe could originate by quantum fluctuation from nothing

[7], with dark energy identified as energy associated with compact dimensions.

2
The holographic principle [8] indicates only N = 8(33 [liJ =4.69x10'* bits
Py P

of information will ever be available to describe the observable universe. With no

source or sink for information outside a closed universe, the number of bits of
. .. . . € .

information in the universe remains constant. Two states ig of each bit define
electric charge e, and origin of the universe by quantum fluctuation from noth-

ing requires zero net charge in the universe. Energy difference between bit states

requires a small antimatter/matter ratio, consistent with observations [9].

Figure 1. Particle wavelengths related to Nickalls triangle vertices on circumscribing circle.
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