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Abstract

It is found that the Standard Model symmetry group U(1) 5  SU(2) 5  SU(3) is physically misinterpreted: the U(1) 5  SU(2)
gauge theory is confused and does not require a separate Higgs field to generate mass and break the electroweak symme-

try. SU(2) with massless gauge bosons is proved to model electrodynamics, using massless electrically charged field quanta.

This involves disproving the infinite self-inductance objection to massless charged field quanta. This objection simply does

not apply to an equilibrium of exchange of charged field quanta between charges, since the magnetic vectors undergo a

cancellation. The extra two “polarizations” of the photon needed in electrodynamics to  account for both attractive and

repulsive interactions are actually electric charges, hence an SU(2) based Yang-Mills electromagnetism, in which the charge

transfer term is prohibited (i.e., set equal to zero) by the physical self-constraint that charge massless gauge bosons can only

be exchanged in equilibrium situations where the rate of reception of charge from massless charged field quanta equals the rate of emission of

such charge, cancelling magnetic curl vectors, thus eliminating the infinite self-inductance of massless charged radiation. This physical con-

straint constitutes an effective prohibition of charge transfer in SU(2) electromagnetism, therefore automatically reducing

preventing the charge transfer in the the Yang-Mill equations from operating, and thus reducing those equations to Abelian-

type Maxwell equations. The value charge transfer term (the key distinguishing feature between Maxwell and Yang-Mills

equations) is constrained to a value of zero for massless charged field quanta. Thus, electromagnetism can be represent-

ed as a massless field quanta version of the weak isospin interaction.

The two forces, electromagnetism and weak interactions, still arise from a Weinberg mixing with a U(1) hypercharge, but

U(1) Abelian symmetry is now the basis of a (spin-1 graviton) quantum gravity theory, the charge of which is mass. The

gravitational charge (mass) of U(1) partially breaks the electroweak symmetry of SU(2). The massless neutral SU(2) gauge

boson is mixed with the U(1) hypercharge boson to produce gravitons, while only weak bosons interacting with left-hand-

ed spinors acquire mass. This is not an arbitary and ad hoc chiral adjustment as occurs in the Standard Model (which makes

the weak isospin a left-handed interaction by assuming that all neutrinos are left-handed), but is physically justified by the

correction of a systematic error in the status quo analysis of beta decay, where lepton to lepton decay is mediated by a

decaying weak boson, but quark to lepton decay mediated by decaying weak bosons (as occurs experimentally) is ignored

in favour of an inconsistent analysis whereby the direct (rather than weak boson decay mediated) product is a quark, not a

lepton. This inconsistent and dogmatically pursued misinterpretation corrupts the entire analysis of particle categories,

leading to false definitions of antimatter, and artifacts such as an apparent excess of matter over antimatter in the universe.

The theory makes checkable predictions by replacing the Higgs mechanism with a more highly predictive theory of mass,

corrects the definition of antimatter for quarks and leptons, and produces a new unification of all particles which predicts

their couplings, masses, and mixing angles. The superficial spin-2, rank-2 spacetime curvature formulation of general rel-

ativity is proved just one representation for energy conservation in gravitation, because formulating field strengths in terms

of spacetime curvature invokes second order (rank-2) tensors, which are physically and mathematically merely a duality to

Faraday’s first order (rank-1) formulation of field strengths as gradients of “field lines”. It is easy to represent gravitation-

al fields or electromagnetic fields by either spacetime curvatures (rank-2 equations) or “field line” gradients (rank-1 equa-

tions) so the usual claim that the form of the equations is a physically deep distinction between electromagnetism and grav-

itation is wrong. The spin-2 graviton claim is proved to be a reductionist error, based on ignoring graviton interactions

with all surrounding masses. The empirically checked theory was published in stages during research since 1996; this paper

compiles and consolidates that research.

1. Phase transformations, gauge theory and the Standard Model

ORIGIN OF THE PHASE CHANGE FACTOR, eiS/h.  Schroedinger’s time-dependent equation, Hψ = -ih dΨ/dt, has the solution

ψt /ψ0 = eiHt/h.  In first-quantization, or undergraduate textbook quantum mechanics, the Hamiltonian H is represented by

a non-relativistic sum of the kinetic and classical Coulomb potential energy of the particle, with the momentum and dis-

tance related by Heisenberg’s uncertainty principle. The Hamiltonian for energy then contains a second-order derivative of

the wavefunction with respect to distance, whereas the dependence of the wavefunction is the first-order derivative of time.

This dissimilar treatment of space and time is why the 1st quantization Hamiltonian is non-relativistic, and why Dirac

derived an alternative, quite different, relativistic Hamiltonian which has a non-classical Coulomb potential. In 2nd quan-

tization, the uncertainty principle applies to the Coulomb field rather than to the kinetic energy of the particle. Feynman



in his 1985 book QED showed that 2nd quantization is not a supplement or addition to 1st quantization, but is rather a

replacement for it. The wave aspect of the particle then arises from the quantum interactions it has with its own field sur-

rounding it in space as it moves. Dirac’s Hamiltonian equation successfully predicted particle spin and antimatter. Feynman

reformulated quantum mechanics in terms of path integrals which allow forces to arise from the summing of contribu-

tions from virtual photons whose exchange spaces are called force fields. Hence the name, “quantum field theory”.

In Feynman’s 2nd quantization path integrals, the product of Hamiltonian energy H and time t is replaced, for one path,

by the integral of the lagrangian energy equation for a particle over time, i.e. action S = ∫Ldt = Ht, so we obtain ψS /ψ0 =

eiS/h.  The exponential factor eiS/h is a unit vector rotating anticlockwise about the origin on an Argand diagram, as action
S is increased. Therefore, it is real and positive for the case S = 0, thereby maximising contributions for small actions, and

it is uniformly periodic, and thus usually self-cancelling, for large actions where it is real and negative just as much as real

and positive, and imaginary and positive as much as imaginary and negative. Physically, eiS/h can be summed on an Argand
diagram by plotting on such a diagram each path as a fixed length (but direction varying) arrow, with the arrows arranged

from nose-to-tail (the order in which the arrows are summed is immaterial for the end resultant, provided that they are

placed nose-to-tail of the each other). The resultant arrow conveys two pieces of information. Firstly, the length of the

resultant arrow is proportional to the wavefunction, so the square of the length is proportional to the probability of find-

ing the particle in a unit volume, and thus is proportional to the effective “cross-section” (the area of the particle that needs

to be struck for a given interaction to occur once). Secondly, the direction of the resultant arrow indicates which contribut-

ing paths have the greatest contributions to the resultant, since those path arrows which are most nearly parallel to the result-

ant arrow contribute the most to it. (All contributing arrows have equal length; only their direction varies with S.)

PHASE TRANSFORMATIONS AND LAGRANGIAN INVARIANCE IN GAUGE THEORY. Noether’s theorem states that an invariance

or symmetry is accompanied by a conservation law. E.g., rotational invarianceproduces conservation of angular momen-

tum, and translational invariance produces conservation of energy. Gauge theories are constructed so that the Lagrangian

energy density is conserved or “kept invariant” under a local symmetry transformation like U(1) or SU(N). The energy of

the particle system is modelled by a Lagrangian equation L which is integrated over time to yield action S = ∫Ldt.  The phase

change of the wavefunction over a given path is then ψS /ψ0 = eiS/h. Summing this relative amplitude eiS/h over all virtual

paths gives the “path integral” of quantum field theory, the square of which is proportional to the probability of finding

a particle within a given volume of space, which is in turn ssproportional to the cross-section area (or relative probability)

for a reaction. Gauge theory is constructed by examining the effect of a phase transformation upon the Lagrangian equa-

tion for energy. Global phase transformations, such as simultaneously changing the wavefunctions of all the particles in

the universe to the by the same factor (such as reversing all the spins of particles), leaves the Lagrangian unchanged, since

the relative energy of any given particle to its neighbours is the same (because they have all undergone the same phase trans-

formation). Local (non-universal) phase transformations, however, do change the energy of the particular particles rela-

tive to their neighbours.

Gauge invariance must keeps the Lagrangian invariant under these local wavefunction phase transformationsψS /ψ0 = eiS/h

by changing the Lagrangian to compensate for the accompanying change in the energy of system due to the interaction

with a field quanta which produces the transformation.    Every phase change is accompanied by a virtual boson interaction which com-

pensates for the change in the kinetic energy of the particle whose phase changes.  The nature of this field change is therefore to introduce a gauge

field that mediates forces via a virtual boson.  The Lagrangian, L, is the kinetic energy minus the potential (field) energy. A change

in phase, ψS /ψ0 = eiS/h, alters the kinetic energy term in the Lagrangian but the potential energy term is invariant.

Therefore, to preserve the invariance of the whole Lagrangian, the change in kinetic energy must be cancelled out by adding

an additional term to the Lagrangian which cancels out the change in the kinetic energy (a function of the change in phase,

eiS/h). The addition of this new term, which represents the force-causing transfer of energy via a virtual boson, makes the

Lagrangian invariant regardless of phase change eiS/h.

The kinetic energy density of the real particle (e.g. an electron with wavefunction ψ) is (dµ ψ)(dµ ψ), but this gives a local

phase transformation of dµ ψS = eiS/h [dµ ψ0 + (i/h)(dµS)ψ0]. The term (i/h)(dµS)ψ0 here prevents local phase invariance,

which requires a local phase transformation (dµ ψS)/(dµ ψ0) = eiS/h. Therefore, a term must be added to the Lagrangian to

eliminate (i/h)(dµS)ψ0. So the kinetic energy (dµ ψ)(dµ ψ) is replaced with (Dµ ψ)(Dµ ψ), where Dµ = dµ − ieAµ (this is the

minimal coupling procedure of quantum electrodynamics, QED). This definition for Dµ  has been selected to give a

Lagrangian with the correct local phase transformation. Inserting Dµ = dµ − ieAµ into the local phase transformation and
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solving yields (Aµ)S = (Aµ)0 + [1/(eh)]dµS. The term [1/(eh)]dµS therefore adds to the electromagnetic field, to give a

phase-invariant field energy density (Lagrangian). It is the compensating factor which is required to preserve local phase

invariance. The origin of this idea is Noether’s theorem (that symmetry arises from invariance), but the link between gauge the-

ory and symmetry was made by Weyl, applied by Pauli to U(1) quantum electrodynamics, and then applied by Yang and

Mills to SU(2) isospin Yang and Mills showed in their famous 1954 paper, Conservation of Isotopic Spin and Isotopic Gauge

Invariance,1 that this can be extended to SU(N) fields, allowing the derivation of the Yang-Mills equations.

Physically, the modification to field Aµ to make the Lagrangian invariant for local wavefunction phase transformations is

the basic Dirac interaction between matter and photons: the wave function of a particle of matter is altered when it emits

or receives a field quanta or virtual photon. This Dirac interaction corresponds to the simplest of all Feynman interaction

diagrams; the interaction of a charged particle with a photon, depicted on a Feynman spacetime diagram as a straight line

(the charged particle) being deflected by interaction with a wavy line (the photon). Since there is only one vertex on the

diagram, the interaction amplitude is proportional to three factors: (1) the relative electromagnetic interaction strength or

“coupling”, e, (2) the size of the current, Jµ, caused by the motion of the charge in spacetime, and (3) the amplitude of the

electromagnetic field strength delivered by the photon’s field Aµ. Therefore the interaction amplitude is proportional to

eJµAµ. The electromagnetic Lagrangian energy density, LEM, is then the sum of the field energy density, -3Fµν Fµν, and

the Dirac matter energy density: LEM = -3Fµν Fµν + LDirac, where Dirac’s equation produces a free field Lagrangian ener-

gy density (for the simplest Feynman diagram), LDirac = ψ(iγµ dµ - m)ψ, where γµ are the Dirac gamma matrices. In the

minimal coupling procedure for local phase invariance (already explained), Dirac’s dµ is replaced by Dµ = dµ − ieAµ, so:

LEM = -3Fµν Fµν + LDirac

= -3Fµν Fµν + ψ(iγµ Dµ - m)ψ

= -3Fµν Fµν + ψ[iγµ (dµ − ieAµ) - m]ψ

= -3Fµν Fµν + iψγµ dµψ − ψγµ eAµψ − ψmψ

= -3Fµν Fµν + iψγµ dµψ − eJµAµ − ψmψ,

where the electric current density Jµ = ψγµψ.  Hence, Dirac’s field interaction term, eJµAµ, appears in the electromagnetic

Lagrangian. The electromagnetic field strength tensor, Fµν = dµAν − dνAµ, is invariant under local symmetry phase

changes, (Fµν)S = (Fµν)0. Fµν = dµAν − dνAµ. The mass term in the electromagnetic Lagrangian above, ψmψ, purely

ascribes mass to the electron of wavefunction ψ, not to the field. A separate term must be added for the mass of field

quanta, which suggests that a separate field gives mass to electroweak field quanta. Although such mass terms can be added

in such a way that the local phase invariance (Langrangian symmetry) is maintained, the introduction of mass reduces the

range of a field and reduces its strength since massive bosons move slower than the velocity of light, reducing interaction

rates, and they are unstable with have a limited lifetime, which limits how far they can travel. Due to masses of field quan-

ta, all observed short-range gauge symmetries are believed (in the Standard Model orthodoxy) to be broken gauge symmetries,

compared to the long-range U(1) interaction. However, SU(2) and SU(3) were originally proposed since they describe

observed symmetries in lepton and quark combinations.

For Yang-Mills interactions, Dirac’s Lagrangian field interaction term for electromagnetism, eJµAµ, is still analogous to the

to the most important interaction between a charged particle and a field, but there is a vitally important difference. This

difference is that the field Aµ is presumed to be uncharged for electromagnetic interactions, but it is charged for the charged

field quanta of SU(N) Yang-Mills interactions. Due to the charge carried by charged Yang-Mills field quanta, the field itself

− being charged − creates an additional source term of field, added to the fermionic current density Jµ. So the current den-

sity of on-shell fermions, Jµ, is only part of the charge and a term must now be added for charge carried by the charged

field quanta. Yang and Mills in 1954 found that for a charged SU(2) isospin field Aν, the charge current of the bosonic

field quanta adds the term 2εAν × Fµν to a fermion current Jµ therefore making the total current Jµ + (2εAν × Fµν) = -

dνFµν. This can be compared directly to the Maxwell equation for electromagnetism: Jµ = -dνFµν. The presence of both

the charged field Aν and field strength tensor Fµν in the charged field current term 2εAν × Fµν is simply explained by the

fact that any electric current is proportional to both the charge density and to the force which is moving that charge. The product of boson-
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ic charge ε and field Aν is simply analogous to the charge density, which will not constitute any current at all unless it is

moved by an electromotive force, which is analogous to role of the field strength tensor Fµν. Thus, the current density

delivered by charged field quanta is the product of the charge of the bosonic field, 2εAν, and the field strength tensor Fµν

induces the motion of the charged bosonic field quanta in order to produce the bosonic field current density. The factor

of 2 in the 2εAν charge of the bosonic field is due to the fact that bosons have twice the isotopic charge of fermions (isospin charge

is ±1 for left-handed fermions but is ±1 for bosonic field quanta).

The equation Jµ + (2εAν × Fµν) = -dνFµν. has a non-linear feedback effect where Jµ << 2εAν × Fµν, because then 2εAν ×

Fµν ≈ -dνFµν, so that the dνFµν, the rate of variation of field strength, is directly proportional to the field strength Fµν itself!

This relationship is analogous to a supposedly problematic situation in quantum gravity, where gravitons carry energy and

therefore gravitational charge (mass-energy), acting as a source term for the field. However, the equations for charged fields

represent physical mechanisms which prevent these feedback phenomena where the charged field quanta are massless

because a light velocity charged field quanta is relativistically “frozen” by time-dilation and therefore has a zero rate of emis-

sion/reception of field quanta from its charge.

The Maxwellian U(1) electromagnetic field strength tensor for electrically neutral and massless field quanta is:

Fµν = dµAν − dνAµ, (Equation 1)

whereas the Yang-Mills field strength tensor for SU(2) which includes charged gauge bosons is:

Fµν = dµWa
ν − dνWa

µ + gεabcW
b
νWc

µ. (Equation 2)

Comparison of equations 1 and 2 shows that the Yang-Mills field strength tensor is simply the Maxwell field strength ten-

sor with an added charged boson term, gεabcW
b
νWc

µ (where g is the weak field coupling factor and εabc is the weak boson

structure constants) which allows the charged field quanta to convey isospin charge was well as force, permitting charge-changing

interactions. The SU(2) interaction fields involved are a, b, and c. Field a is the chargeless boson analogous to Maxwell’s

photon, so dµWa
ν − dνWa

µ represents the Maxwell field dµAν − dνAµ for a neutral field boson. Boson’s b and c are the

charged weak field bosons, which is why only the terms Wb
ν and Wc

µ occur in the “extra term” for charged field bosons.

MAINSTREAM JUSTIFICATION FOR THE ELECTROWEAK U(1) 5  SU(2) GAUGE THEORY. The Yang-Mills SU(2) gauge theory
equations were derived for the charged bosonic isospin field quanta of the weak nuclear interaction by Yang and Mills state

in their famous 1954 paper, Conservation of Isotopic Spin and Isotopic Gauge Invariance: “The conservation of isotopic spin is a

much discussed concept in recent years. Historically an isotopic spin parameter was first introduced by Heisenberg in 1932

to describe the two charge states (namely neutron and proton) of a nucleon. The idea that the neutron and proton corre-

spond to two states of the same particle was suggested at that time by the fact that their masses are nearly equal. ... The

quanta of the [isotopic spin] field clearly have spin unity and isotopic spin unity. We know their electric charge too because

all the interactions that we proposed must satisfy the law of conservation of electric charge, which is exact. The two states

of the nucleon, namely proton and neutron, differ by charge unity. Since they can transform into each other through the

emission or absorption of a [isotopic spin] quantum, the latter must have three charge states with charges ±e and 0.”

This 1954 Yang-Mills SU(2) isotopic spin gauge theory of weak interactions was required to reformulate Fermi’s theory of

beta decay into a consistent quantum field theory for the beta decay of neutrons into protons and similar weak interactions.

The U(1) electromagnetism gauge theory or “quantum electrodynamics” had already been completed by the work of

Feynman, Schwinger and Tomonaga, while the Yukawa gauge theory of the strong attractive interaction which binds pos-

itive and neutral nucleons together into nuclei had been successfully predicted the properties (radioactive half life and mass)

of the pion, Yukawa’s field quanta. However, the Yang-Mills equations for the isospin field and therefore the weak nuclear

force suffered from the problem highlighted vigorously by Pauli during Yang’s original lecture. Pauli asked what the mass

of the field quanta were. Yang and Mills could not predict the mass of the isospin field quanta.

Because the weak field quanta must carry both electric charge and isospin, the idea of unifying the SU(2) interactions with

electromagnetism, by allowing electromagnetic interactions be mediated by the neutral massless field quanta of SU(2), was

developed in 1956 by Schwinger and his student Glashow. However, this theory gave the wrong electric charges to quarks
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and leptons in SU(2) doublets. If SU(2) isospin charges were also electric charges, the electric charges in SU(2) doublets

would be equal to the isospin charges. Since isotopic charges are not equal to electric charges in SU(2) doublets, the

Schwinger-Glashow SU(2) electroweak unification failed. Two changes are required to the Schwinger-Glashow SU(2) elec-

troweak unification to turn it into the modern Weinberg-Glashow-Salam electroweak theory of 1967. First, all of the SU(2)

weak bosons are given mass, including the neutral boson, predicting “weak currents” that change isotopic spin but not elec-

tric charge. Secondly, the role of electromagnetism is generated by a mixing of the massless neutral SU(2) boson - before

it acquires its mass - with an unobservable “hypercharge” force generated by a Abelian U(1) symmetry group by an ad hoc

formula of empirical convenience: (electric charge) = (isospin charge) + (half of hypercharge).

Hypercharge is a necessary “hidden variable” charge (akin to hidden variable “conceptual necessities” like epicycles, caloric

and phlogiston in obsolete theories), and while self-justified by its important role in the Standard Model, it has to be spec-

ified in an ad hoc way to make the theory agree with an analysis of beta decay in which muons decay via weak bosons into

electrons, but downquarks don’t decay via weak bosons into electrons, but instead decay directly into upquarks. See Fig. 1.

2. Identification of faults in Standard Model symmetry representations, and in general relativity

“The underlying source of the problems of superstring theory is that the theory is not built on a fundamental symmetry

principle or expressed within the language of representation theory. ... If one takes Weyl’s point of view seriously, to search

for a more beautiful physical theory than the standard model one must do one of two things. One must either find new

symmetry groups beyond those already known, or one must find more powerful methods for exploiting the mathematics

of representation theory to get physical understanding. ... Similarly, the fundamental principle of general relativity is that of

invariance under the group of general coordinate transformations (diffeomorphisms), and little is known about the repre-

sentation theory of this group. Perhaps the true secret of quantum gravity can be found once the representation theory

of these gauge and diffeomorphism groups is better understood.”

- Peter Woit, Not Even Wrong (Jonathan Cape, London, 2006, pp. 266-7).

The electromagnetic interaction in the quantum electrodynamics, part of the Standard Model, requires gauge bosons with

four polarizations rather than two, in order to make similar electric charges (or similar magnetic poles) repel and unlike

charges (or unlike magnetic poles) attract. Fig. 2 examines the mathematical model and the physical explanation of this

four-polarization gauge boson. The nature of the extra two polarizations is not physically elucidated in quantum electro-

dynamics, but they are vitally necessary to make the mathematical model represent major observational features of electro-

magnetism. This paper shows that a physical treatment of the nature of these extra polarizations leads to corrections and

improvements for the Standard Model, without affecting the experimentally defensible broken symmetry lagrangian. The

standard approach makes simplistic errors of analysis since includes no effort towards understanding the physical process-

es implied by the structure of the mathematical models which are necessary to represent observed physical phenomena.

The second fundamentally simplistic error we allege to exist in the Standard Model is the analysis of weak interactions (beta

decay) when the decay transformations of 2nd and 3rd generation leptons into 1st generation leptons are compared to the

beta decay of quarks. A simple example is the beta decay of a neutron, producing a proton, electron and antineutrino. This

involves the decay of a downquark, the products being an upquark and a massive negative weak boson which decays into

leptons (antineutrino and electron). Notice that the massive weak boson decays into leptons, although dogmatic conven-

tion views the upquark as being the primary decay product of the downquark, not the massive negative weak boson which

decays into leptons. We point out in Fig. 1 that this leads to an inconsistency and thus a conflict when compared to the

Feynman diagram for the analysis of the beta decay for heavy leptons, where primary decay sequence is considered as going

through the weak boson’s decay.

If the weak transformation of an unstable particle transforms it in a decay chain via a weak boson, as is accepted to be the

case in the decay of a muon or tauon into an electron via a weak boson, then for consistency a downquark must be viewed

as decaying via a weak boson into an electron, not the upquark which is not emitted via the decay of a weak boson!  The

purpose of science is not to introduce ad hoc epicycles based on uninformed prejudice, but to seek out self-consistency in

nature and to examine the consequences of introducing such self-consistency. Dogmatic refusal to search for errors of

analysis in existing theories is a defense of pseudo-science. For consistency, if you wish to view beta decay of muons into

electrons via weak bosons as a correct analysis of beta decay (which is indeed the mainstream analysis), then you should

use exactly the same analysis for downquark decay, seeing the quark decay via a weak gauge boson into a lepton. This self-

consistent analysis of beta decay for leptons and quarks is vital evidence of the need to modify the Standard Model.
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