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Today I will discuss a simple question: Does spatial inversion
exchange matter and anti-matter? Or in other words, are matter
and anti-matter mirror images of each other?
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Before answering that question, let me discuss a little background
information. Parity conservation, or symmetry between left- and
right-handedness in physical processes, was regarded as a basic
law of physics until 1956. Lee and Yang then proposed a left-right
asymmetry in weak interactions. This asymmetry means that
certain physical processes are intrinsically left-handed (and others
are intrinsically right-handed). Lee and Yang noted that this result
could be consistent with parity conservation if certain particles
(such as protons) have a definite handedness and are not their own
mirror images. Their prediction was confirmed by Wu et al, who
along with everyone else interpreted the results as implying parity
violation, which means that there is no physical process
corresponding to what is seen in a mirror.
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Wu’s experiment involved beta decay of Cobalt 60. Electrons
are emitted anti-parallel to the nuclear spin. In the mirror
image the beta particle is emitted parallel to nuclear spin,
since velocity is a polar vector whereas spin is an axial
vector. Theorists call this parity violation, meaning that the
mirror-image process has no physical realization. But in fact
there is a simple physical interpretation: The mirror-image
process behaves exactly as if mirror-imaging exchanged
matter and anti-matter. Therefore parity is conserved, but the
conventional parity operator is incorrect. Theorists try to avoid
this problem by saying that “PC” is conserved, as if charge
conjugation were unrelated to spatial inversion. But it is clear
from the experiment that spatial inversion has already
conjugated the charge. Anyone with no theoretical
preconceptions would rightly infer that matter and anti-matter
are related by spatial inversion. If the question is: “Does
spatial inversion exchange matter and anti-matter?”, then the
experimental answer is “YES”, but the conventional theory
says “NO”.
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Prior to 1956, if a theory disagreed with experiment, then it
was time to get a new theory. But since 1956, disagreements
between theory and experiment have been attributed not to
violations of theory, but to violations of natural symmetries. If
medical researchers had a similar attitude, then any failure of
an experimental therapy would be taken as proof that the
disease is incurable. The inexplicable belief in the infallibility
of the theory of spatial inversion has greatly harmed the
development of theoretical physics over the last half-century.
Any theory sensible enough to incorporate parity
conservation has been denied proper consideration.
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Lee and Yang were motivated to consider parity violation by the socalled theta-tau puzzle. What are now called K mesons have decay
modes which were originally attributed to two different particles
because the decay products have theoretically different parity
values. But if one looks at the particles themselves, and not at the
numbers, the data are again consistent with the idea that matter
and anti-matter are mirror images of each other.
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Mesonic decay of long-lived neutral kaons yields different signs of
the theoretical PC operator. However, the actual particles still
behave as if matter and anti-matter are mirror images of each
other.
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The so-called “direct” PC violation in neutral kaon decay involves comparison
of decay rates of the long- and short-lived neutral kaons into 2pi 0 or pi ++ pi -.
Again, the claim of PC violation is based on theoretical calculations, and not
on any observed mirror asymmetry between matter and anti-matter.
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In its semi-leptonic decay modes, the long-lived K meson is slightly
more likely to produce a positron rather than an electron. This
result does indicate an asymmetry between matter and anti-matter.
However, the asymmetry appears to be in the composition of KL
rather than in the decay process itself (KL-bar would presumably
decay with an equally slight preference toward electrons). One
would have to perform a similar experiment in an anti-matter
universe to determine whether this process really violates the
mirror symmetry between matter and anti-matter.
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To summarize, when viewed in a mirror, ALL known physical
processes proceed exactly as if matter and anti-matter were
exchanged.
The simplest explanation for this symmetry is that matter and antimatter are related by spatial inversion and that parity is in fact
conserved in nature.
Applying Occam’s razor and choosing the simplest explanation
implies that the conventional parity operator must be incorrect.

10

There are two reasons why this is so:
First, Probability density is not a function of the matrix gamma0.
This will seem obvious to anyone who has never derived the parity
operator.
Second, Rotation cannot change the parity of a variable.
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Dirac’s original equation has this form. The beauty of this form is
that the matrix coefficients of the time and space derivatives are the
ones used to compute the physical observables: probability density
from the identity matrix and probability current from the velocity
matrices. These form a Lorentz 4-vector since they are related by a
continuity equation, which can be derived directly from the Dirac
equation.
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Now let’s see how the conventional parity operator is derived. It is
currently fashionable to write the free-particle Dirac equation in this
form which differs from Dirac’s original form by a factor of gamma0
everywhere. The squared temporal and spatial coefficients have
opposite sign, yielding elements of the Minkowski metric. However,
there is no logical reason why the coefficients should have this
property. People who think this is a relativistic requirement don’t
understand relativity. Dirac’s original equation without the
gamma_0 factors is also Lorentz-invariant.
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Now gamma_0 is assumed to be the time component of a 4-vector.
The probability density and current are rewritten to make them
appear to be functions of gamma_0 and gamma_i.
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The conventional parity operator is required to include a factor of
gamma_0 so as to leave the new Dirac equation form-invariant.
The matrix gamma_0 commutes with itself and anti-commutes with
gamma_i in order to cancel the change of sign of the gradient.
What could be wrong with that?
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This analysis would be fine if the gamma matrices were actually
used in calculations. However, when physical observables such as
probability density are computed from the matrix coefficients, the
gamma_0 factor must be cancelled out by changing psi-dagger to
psi-bar. The illusory factor of gamma_0 in the probability density
(and also the current) is what I call the Parity Illusion. It is visible
only to theorists. All claims of parity violation or PC violation are
attributable to this illusion. The fact of the matter is that probability
density is independent of gamma_0, and the true parity operator
inverts gamma_0, as we shall soon see. Inversion of gamma_0 has
absolutely no effect on the time component of any Lorentz 4vectors.
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Here I summarize the first part of this talk. Many experiments have
been interpreted as violating parity or PC, but in fact the
experimental evidence is entirely consistent with mirror symmetry
of matter and anti-matter. Theorists treat probability density as a
function of gamma_0, although if we perform the experiment of
looking at its mathematical form we see that it is independent of
gamma_0. Finally, the theoretical parity operator preserves matter
and anti-matter, whereas the experimental parity operator seems to
exchange matter and anti-matter.
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Now let’s derive the correct parity operator using algebraic
principles. In Dirac theory, the matrices gamma5, gamma0, and
i_gamma5_gamma0 form a right-handed coordinate system with
exactly the same algebra as the Pauli or spin matrices.
Gamma5_sigma represents the velocity direction, while gamma0
and i_gamma5_gamma0 can be interpreted as relative orthogonal
directions perpendicular to velocity. These matrices are more
naturally designated beta_1, beta_2, and beta_3 since they
represent three orthogonal directions. One representation is shown
here. The matrices are just like Pauli matrices except that each
element is a two by two matrix. Notice that the unit imaginary
associated with relative velocity is a pseudoscalar, since velocity is
a polar vector. In contrast, the unit imaginary associated with spin is
a true scalar with respect to spatial inversion.
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Rotations in this relative velocity space simply determine which of
these matrices represents wave velocity.

19

Since the three matrices are related by rotations in this space, they
should all have the same parity.
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The conventional parity operator does not invert gamma_0
because it is treated as a unit normal of time in Minkowski space.
This assumption leads to an interpretation of parity violation in
weak interactions.
But the three orthogonal matrices associated with relative velocity
have been treated as geometrically unrelated. One component has
positive parity while the other two have negative parity. But in fact,
these three matrices are related by simple rotations. This situation
defies the laws of geometry.
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In order to find the correct parity operator, we first define a
pseudoscalar conjugation operator, which inverts only the
pseudoscalar imaginary associated with relative velocity, and not
the true scalar imaginary associated with spin. The pseudoscalar
imaginary is always the coefficient of the 2x2 identity matrix in our
representation. This operator inverts observables computed from
the matrix beta2.
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The correct parity operator is then beta2 times the pseudoscalar
conjugate of the wave function with argument minus r. This parity
operator inverts all of the relative velocity matrices. The
conventional parity operator corresponds to a rotation of these
matrices.

23

The new parity operator does not change the form of the Dirac
equation
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These angular eigenfunctions satisfy the free-particle Dirac
equation with opposite sign of energy eigenvalue E, corresponding
to matter and anti-matter. They are eigenfunctions of the
conventional parity operator. The new parity operator changes the
sign of the 2x2 imaginary but not imaginary numbers inside the 2component phi_lm functions.
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These angular eigenfunctions are exchanged by the new parity
operator.
Therefore spatial inversion exchanges matter and anti-matter.
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Now let’s return to the example of charged K mesons. The decay
states have opposite eigenvalues of the conventional parity
operator. However, the initial and final states are not eigenfunctions
of the new parity operator. Therefore there is no basis for P or PC
violation.
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Weak interactions involve either the left- or right-handed part of
wave function. This does not violate parity since it is the left-handed
part for matter and the right-handed part for anti-matter.
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In conclusion… viewed in mirror, ALL known physical
processes proceed as if matter and anti-matter were
exchanged .
Spatial inversion exchanges matter and anti-matter.
Parity is conserved.
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It is interesting to consider a torsion wave machine. Any
disturbance, such as rotating the central bar as shown here,
generates equal amounts of left- and right-handed torsion waves
propagating in opposite directions. This is a one-diminsional
analogy to production of matter and anti-matter, since matter and
anti-matter are also always produced in left- and right-handed
pairs. These waves are also described by a Dirac equation.
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The parity operator preserves the form of the Dirac equation. The
electromagnetic potentials must have opposite parity, and we
assume that the electrostatic potential term changes sign.
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Furthermore, the Dirac equation can actually be interpreted as a
classical wave equation for spin angular momentum. Simply
multiply through by psi_dagger sigma and add the complex
conjugate. Each term in the resultant equation corresponds to a
term in the classical wave equation. Notice that this is a purely
classical, deterministic wave equation. There is nothing quantummechanical about it.
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If the Dirac equation is equivalent to a classical wave equation,
then there are simple classical wave interpretations of spin onehalf, quantum correlations, quantum momentum and angular
momentum operators, the uncertainty principle, and the Pauli
exclusion principle. I don’t have time to discuss these now, but you
can find them on my web site.
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Assume a wave equation for an angular potential Q whose time
derivative is angular momentum density. The wave equation
includes a reaction term, or torque density, plus convection and
rotation terms.
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The wave equation can be factored to yield a Dirac equation which
has conjugate momenta similar to those found in quantum
mechanics.
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The time reversal operator, written here, inverts the spin matrices,
which also inverts the absolute velocity. The two relative axes
orthogonal to gamma5 are rotated 180 degrees so that they are
also inverted without changing handedness. This operation
preserves the free-particle Dirac equation.
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The new combined PT operator differs from the conventional one
by the gauge transformation factor i*gamma_5.
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First, consider the relativistic property of Lorentz Invariance. As an
example, consider the wave equation for transverse displacements
in an incompressible elastic solid. The assumption of Galilean
space-time yields a Lorentz-invariant wave equation. The
significance of Lorentz invariance (and hence Special Relativity) is
that the physical space-time is Galilean whereas the space of
measurements made with waves is Minkowski space.
If we add a restoring force proportional to displacement, then each
component of displacement satisfies a Klein-Gordon equation.
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The Dirac wave functions also satisfy a Klein-Gordon equation. So
why is it that in an elastic solid the Klein-Gordon equation
represents a wave in Galilean space-time, whereas in quantum
mechanics it is supposed to represent a wave in Minkowski space?
The logical assumption is that matter waves propagate in Galilean
space-time. Lorentz invariance is a property of equations and
measurements, not of absolute space and time. Therefore the
“natural” form of the free-particle Dirac equation is this, where the
matrix coefficients are the ones used to compute probability density
and current.

43

Just to clarify this point, here is a list of physical processes. All of
them are Lorentz invariant. And all of the theoretical descriptions
except quantum mechanics were derived from an initial assumption
of Galilean space-time. Lorentz invariance of equations for matter
means that measurements made with matter form a Minkowski
space. It does not mean that matter waves propagate in Minkowski
space, just as waves in an elastic solid do not propagate in an
elastic-wave-speed Minkowski space.
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The probability density and current form a relativistic 4-vector in
spite of the fact that the matrix coefficients have absolutely nothing
to do with the Minkowski matrix.
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