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Abstract. I show that there is a unique finite group that could possibly
underlie a discrete model of fundamental physics, via its group algebra and

representation theory. I summarise the structures that might give rise to the

gauge groups, spin groups and mixing angles of the standard model of particle
physics, and the structures that might give rise to general covariance and

the tensors of general relativity. I investigate the experimental evidence, and
conclude that a unified discrete model along these lines might be viable.

1. Fundamentals

1.1. Introduction. There is a tension between the discrete and the continuous
that runs through the whole of quantum mechanics and particle physics. Experi-
ment reveals that the fundamental physical processes are discrete, but the theory
is largely a continuous theory, built on continuous mathematics. This leads to the
need for renormalization, in order to get rid of the infinities (singularities) that
the continuous theory naturally includes. It also leads to deep problems such as
the measurement problem [1], which in a nutshell is the problem of extracting a
discrete answer from a continuous theory. Ultimately, as Einstein recognised [2],
fundamentally discrete physical processes must be modelled by fundamentally dis-
crete mathematics. Nevertheless, the continuous theory works so well that there is
little or no incentive for change [3].

Any putative discrete model must necessarily replace at least one of the compact
Lie groups of the standard model by a finite group. In particular, it is necessary
to include a finite version of SU(2), of which there are just three, namely the
binary polyhedral groups. It is reasonable to suppose that we need a 4-dimensional
real absolutely irreducible representation to model spacetime, 4-momentum and
other such concepts. This assumption reduces the possibilities to just one, the
binary icosahedral group [4, 5, 6, 7], [8, p.2] of order 120. Standard methods of
representation theory [9, 10] then produce a variety of different Lie groups [11] that
could potentially be used as the gauge groups and spin group(s) of the standard
model.

The purpose of this paper is to demonstrate that the real group algebra of
this particular finite group contains enough structure to model each of the four
fundamental forces individually, and to explore the possibilities for unification that
this implies. Naturally, any such unification must involve a realisation that certain
concepts currently regarded as absolute may be better regarded as only relative,
just as the absolute space and time of 19th century physics became the relative
spacetime [12, 13] of the 20th century. As we shall see, it is the absolute nature of
mass that is called into question by this model.
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1.2. Mathematical methods. Full details of the mathematics required are pro-
vided in [11]. Here I give just a summary of the essential points. The group has
four faithful (or ‘fermionic’) complex irreducible representations 2a, 2b, 4b and 6,
all of which are really quaternionic representations in half the dimension. There
are five faithless (or ‘bosonic’) irreducible representations 1, 3a, 3b, 4a and 5, all
of which are real, and therefore orthogonal. The compact subgroup of the faith-
ful half of the group algebra is Sp(1) × Sp(1) × Sp(2) × Sp(3). The first three
factors map onto a corresponding subgroup SO(3) × SO(3) × SO(5) of the faith-
less part, while the remaining factor SO(4) of the latter arises as the image of
Sp(1) × Sp(1). In particular, we have a quaternionic version of the complex gauge
group U(1)×SU(2)×SU(3) of the standard model, which is in principle sufficient
to model three generations of elementary fermions.

In order to include the Lorentz group in this scheme, we must extend to the non-
compact subgroup. Ignoring the real scale factors for the moment, Sp(2) extends to
SL(2,H) and Sp(3) to SL(3,H). The former is isomorphic to Spin(5, 1), and con-
tains many copies of Spin(3, 1), also known as SL(2,C). Similarly for the faithless
representations, we obtain groups SL(3,R) on 3a and 3b, as well as SL(4,R) on
4a and SL(5,R) on 5. In particular, we have copies of the Lorentz group SO(3, 1)
acting on 4a and 5, but we do not have a canonical map from SL(2,C) as a sub-
group of SL(2,H) onto any subgroup SO(3, 1) of SL(4,R) or SL(5,R). Any such
map that we do choose, therefore, breaks the underlying symmetry in much the
same way that the standard model does.

This phenomenon is a special case of a much more general fact, that there is a
big difference between (a) using the representation theory of the finite group first
and constructing the Lie groups afterwards, and (b) constructing the Lie group(s)
first, and then using the representation theory of the Lie groups. This is, in effect,
the difference between multiplying functions together before or after integrating
them. Only (a) preserves the symmetry, while (b), as used in the standard model
and in many other theories [14, 15, 16, 17, 18, 19], necessarily breaks the symmetry.
My thesis is that (a) is likely to produce a more satisfactory theory in the end than
(b), regardless of how successful the current theories of type (b) actually are.

1.3. Overview. In order to go beyond the standard model, therefore, we must
break the connection between the two copies of the Lorentz group, that is SO(3, 1)
as a subgroup of SL(4,R) and/or SL(5,R), and SL(2,C) as a subgroup of SL(2,H)
and/or SL(3,H). There is no possible way to map SL(2,H) onto SL(4,R), since
they are different real forms of the same complex Lie group. One can, of course,
complexify the theory so as to blur the distinction, but one cannot avoid the prob-
lem that SL(2,C) acts on the vector representation of SL(2,H) as 1 + 1 + 4, while
SO(3, 1) acts on the vector representation of SL(4,R) as a complex 3. This is a fun-
damental mathematical incompatibility between the current theories of relativity
and quantum mechanics that will not go away.

From the particle physics point of view, the important group is SL(2,H) ∼=
Spin(5, 1), and its compact subgroup Sp(2), both acting on the representation 4b.
Instead of the adjoint representation of SL(2,H), we require the corresponding
representation of the finite group, that is 4b⊗ 4b− 1 = 3a+ 3b+ 4a+ 5. (Here ⊗
denotes a tensor product, often called a ‘direct product’ in the physics literature.)
This representation must be taken to describe the fundamental forces, split up in
an invariant way into four separate pieces.
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From the relativity point of view, the important group is SL(4,R) ∼= Spin(3, 3),
and its subgroup SO(3, 1), both acting on the representation 4a. Instead of the
adjoint representation of SL(4,R), we require the corresponding representation of
the finite group, that is 4a ⊗ 4a − 1 = 3a + 3b + 4a + 5. The fact that this is
the same representation as we obtained in the particle physics case is a strong hint
that unification along these lines may in fact be possible. But in order to achieve
such a unification, we must work throughout with the finite group, and only add in
the Lie groups at the end in order to describe a continuous approximation to the
fundamentally discrete reality.

2. Particle physics

2.1. The Dirac model of quantum mechanics. The finite model contains two
potential types of spinors, that is 2a + 2b and 4b. The former splits into two
chiral pieces, but does not support an action of the Lorentz group, while the latter
supports an action of the Lorentz group, but does not split into two chiral pieces.
To obtain Dirac spinors we must therefore restrict to a subgroup for which these
two are equivalent representations. This condition is equivalent to the absence of
elements of order 3, and there are two subgroups that are maximal subject to this
condition, one being the quaternion group Q8, the other having order 20.

For the whole group, however, we must consider both (2a+ 2b)⊗ (2a+ 2b) and
4b⊗ 4b as contributing to the Dirac algebra. If we require a Lorentz group action,
then only the latter can be used. The Dirac equation must therefore be expressed
in terms of the γ matrices as a basis for the 4-momentum representation 4a, so that
the equation is realised as a tensor equation mapping from 4a⊗ 4b onto 4b. Since
this tensor product has the form 4b+6+6 there is a unique possibility for a Dirac
equation of this type. Similarly, 4a ⊗ (2a + 2b) has the form (2b + 6) + (2a + 6),
so that again the projection is unique.

If we require a chiral action for the purpose of implementing the weak interaction,
on the other hand, then we have to use 2a+ 2b. It is shown in [11] that the Dirac
matrices acting on this representation are different from those acting on 4b, and
that the Dirac matrices used in the standard model are a compromise between the
two. This means that the standard model version of the Dirac algebra can only be
implemented in the discrete model if the discrete generation (flavour) symmetries
of order 3 are not used. We can still implement the spin symmetries (of order 2)
and either the weak symmetries (of order 2) or the strong symmetries (of order
5), however. The standard model implements the spin symmetries and the weak
(doublet) symmetries at this point, and puts the strong (colour) symmetries into
the equivalent of 3a⊗ 3b = 4a+ 5.

2.2. Parameters. The discrete model thus offers two distinct real versions of the
Dirac algebra, corresponding to a single complex version in the standard model.
Therefore the 16 different real 2-spaces each have their own complex structure,
defined by some mixing angle between the real and complex parts. Six of these
effectively identify the two symmetry groups SO(3, 1) and SO(4), while the other 10
are parameters that must appear somewhere else in the standard model. They can
be mapped to two scalars and two vectors under the action of SO(3, 1), so that the
two vectors can be identified with the Cabibbo–Kobayashi–Maskawa (CKM) matrix
[20, 21] and the Pontecorvo–Maki–Nakagawa–Sakato (PMNS) matrix [22, 23]. Each
matrix holds four real parameters of 4a in a 3 × 3 matrix representing 3a⊗ 3b.
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The two scalars probably represent the electroweak mixing angle and the fine
structure constant, although the former can also be interpreted as a mass ratio, so
might appear elsewhere, in which case we might replace it with the strong coupling
constant. Of course, all these parameters depend on a particular choice of identifi-
cation of SO(3, 1) with SO(4), which can only be constant on a subgroup SO(3),
so that they all vary with the energy scale.

In addition, the complex scalar in the Dirac algebra is used for the mass term, so
that each of the other 15 dimensions of the algebra gets its own mass value from this
mixing. While these naturally split into 3 + 3 + 4 + 5, the symmetry-breaking splits
4 as 1+3 and 5 as 1+1+3 complex dimensions, so that they can be identified with
3+3+3+3 masses for the elementary fermions, and 1+1+1 for the Z, W and Higgs
bosons, to give the 15 fundamental masses of the standard model. Here we get the
first hint that the masses of the elementary particles might be gauge-dependent. It
is known experimentally that the Z/W mass ratio varies according to the energy.
For quarks in general, and for neutrinos and the Higgs boson, the masses are so
difficult to measure accurately that there is no real evidence either way. That leaves
just three charged lepton masses, for which the experimental evidence is that they
are genuinely constant. This is consistent with a choice of constant SO(3).

2.3. The Hamiltonian. In a discrete model, the Hamiltonian comes as a collection
of infinitesimals, which must then be integrated to produce a scalar concept of
energy. The only place where we can conceivably quantise potential and kinetic
energy in a unified way is in the representation 4a, so that the scalar energy arises
from the scalar representation 1 in 4a⊗4a. Now to construct a Hamiltonian for each
of the four forces, as a function of momentum, we must tensor each representation
with 4a, and then project back onto 4a, in order to obtain a scalar by tensoring
with 4a again. As shown in [11], there is a unique such projection in each case, so
that the discrete model contains a unique possibility for the Hamiltonian. There
is no need to actually calculate the Hamiltonian here: it is enough to know that it
exists, and is well-defined.

We then have a Hamiltonian that splits into four terms, each arising from a
copy of 4a. Since these four copies of 4a are indistinguishable from each other,
they can be mixed together in arbitrary ways, without affecting the results of any
calculation. In other words, there is a gauge group GL(4,R) that allows different
observers to gauge [24, 25] the calculations in different ways, while not altering the
underlying physical reality. Since this group acts on the representation 4a itself, by
right-multiplication in the group algebra, as well as acting by left-multiplication to
mix the four copies of 4a, it can be interpreted as the group of general covariance
as defined in general relativity.

This general covariance of the model comes at a price, however. The infinitesimal
contributions to the mass, that is the masses of the elementary (or composite)
particles used in the calculation, are defined by a choice of subgroup SO(3, 1)
within GL(4,R). These masses are then generally covariant, but not generally
invariant. It is perfectly legitimate to gauge the mass values with a particular
choice of SO(3, 1), and we are guaranteed to get the right answers by doing so. But
if we use two different copies of SO(3, 1) at the same time, then we are no longer
entitled to assume that rest masses of elementary particles are well-defined, and
may well get the wrong answer if we do make this assumption.
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3. Gravity

3.1. The Einstein model of gravity. In order to derive general relativity as a
limiting case of the model, we need to identify all the important tensors. The field-
strength tensor and the stress-energy tensor are identified with the anti-symmetric
and symmetric parts of 4a⊗ 4a, which in the discrete model become 3a+ 3b and
1 + 4a+ 5 respectively. The non-scalar part of the latter can also be expressed as
3a ⊗ 3b. This corresponds to the standard construction as the tensor product of
the spin (1, 0) and spin (0, 1) representations of SO(3, 1) ∼= SO(3,C).

The Riemann curvature tensor is usually expressed in the form S2(3a+ 3b)− 1,
as a representation of SO(3, 1). The finite equivalent is also available inside the
group algebra, and splits as 1 + 4a + 5 + 5 + 5. Here we also see a (non-unique!)
splitting into the Ricci tensor 1 + 4a + 5 and the Weyl tensor 5 + 5. The former
splits further into the Ricci scalar and the Einstein tensor in the form 3a⊗ 3b.

There are a number of variants of these constructions which may also be useful.
For example, in place of the Riemann curvature tensor we might try instead the
fermionic equivalent S2(6) = 3a+3a+3b+3b+4a+5. This is the discrete equivalent
of the adjoint representation of Sp(3), which has not yet been used. Similarly, if
we use 4b ⊗ 4b as the fermionic equivalent of 4a ⊗ 4a, then the antisymmetric
square is swapped with part of the symmetric square, thereby swapping a force
(which is antisymmetric) with a ‘structure’ (symmetric). Hence, perhaps, the usual
interpretation of gravity as a structure (of spacetime) rather than a force.

3.2. Experimental evidence for a mass gauge. In order to determine whether
the proposed model is viable, we must look for experimental evidence that we have
in fact ‘gauged’ certain mass values based on our choice of SO(3, 1). Of course,
the masses do not change physically if we change our choice of SO(3, 1). What we
are looking for, however, is evidence that our choice of mass gauge was historically
conditioned by a decision to separate the theory of gravity from the theory of
elementary particles, and a decision to treat the laboratory frame of reference as
though it were an inertial frame.

The general principle of relativity declares that we are perfectly entitled to make
such a choice, and that the physics that we observe is independent of this choice of
coordinates. But it does not declare that everything we measure in terms of those
coordinates will necessarily be the same as another observer measures, with a differ-
ent choice of SO(3, 1). In other words, we are looking for unexplained coincidences
between parameters that describe the motion of the laboratory frame of reference,
with respect to an inertial frame defined on a larger scale, and parameters that
describe aspects of mass that we measure in the laboratory frame.

We should not expect these coincidences to be exact, since the correctness of the
theory does not depend on them being exact. But we should expect them to go right
to the heart of particle physics, and to be visible in the very first experiments. Is
there, in fact, an unexplained coincidence between the electron/proton mass ratio,
and some dimensionless parameter of the motion of the laboratory? Indeed there is:
M/m ≈ 1836.15 while 2 × 365.24/ sin 23.44◦ ≈ 1836.35, where 23.44◦ is the angle
of tilt of the Earth’s axis, and 365.24 is the number of days in a year. Of course, it
is perfectly reasonable to regard this coincidence as a pure coincidence, and in any
case, the coincidence has no physical meaning, but only reflects a choice of gauge.
But an accuracy of around one part in 10000 is certainly suspicious.
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3.3. Dating the choice of gauge. Since the tilt of the Earth’s axis varies signifi-
cantly over time, we can use this formula to estimate the date at which the choice of
gauge was actually made. First we need to decide what sort of days and what sort
of years to use in the formula. The underlying physical mechanism must presum-
ably be analogous to the operation of the Foucault pendulum, with the laboratory
attached to the Earth acting as the pendulum, and its orbit around the Sun as the
analogue of the surface of the Earth. Then the formula for the rotation period of
Foucault’s pendulum in units of the fundamental swing translates directly into the
formula for the proton/electron mass ratio. This implies that the appropriate day is
the solar day, and the appropriate year is the sidereal year. Hence the appropriate
value for the number of days in a year is 365.256336.

In order to obtain exactly the currently accepted experimental value 1836.1527
of the proton/electron mass ratio from this formula, the angle must have been, to
6 figures, 23.4438◦, or 23◦26′38′′. According to the Astronomical Almanac [26],
this value of axial tilt was attained in 1957, 1965 and 1973, and at no other time
in the past 20000 years. Since this is around the time of the development of the
standard model, it is consistent to suppose that the electron/proton mass ratio was
effectively defined by the model at some time during this period.

The historical record shows that the current value of this mass ratio was first
obtained to an accuracy of 1ppm in the 1973 CODATA adjustment [27] of the
recommended values of physical constants. The recommended value in the 1969
adjustment [28] was 1836.109(11), so that the 1973 value is nearly 4σ away from the
1969 value. The 1973 value was based on two accurate measurements in 1972 of the
magnetic moment of the proton in water, µ′p, in units of the nuclear magneton, µn.
These experiments were calibrated against gravitational mass by using a systematic
measurement of atomic masses [29] from 1965. It follows, therefore, that if we are to
investigate any potential drift of gravitational mass of individual particles relative
to inertial mass of the same particles, then we must use 1965 as our reference point.

4. Mixing

4.1. Astronomical data. In the previous section I have used two different meth-
ods, one mathematical/astronomical and the other historical/physical, to date the
fixing of the mass gauge. Both date it accurately to 1965. It seems unlikely that
this agreement is a coincidence, although it might be. To try to answer this ques-
tion, we need to look in more detail at the experimental data from the period. In
particular, we need to compare the astronomical data from the period leading up
to the 1973 adjustment with the physical data from the same period.

In the model discussed here, the equivalence principle fails at the elementary
particle level, although this may not be detectable in practice at the level of bulk
matter. Hence we must define separate inertial and gravitational masses for the
proton, MI and MG, and for the electron, mI and mG. We must take RI := MI/mI

to have its currently accepted value given above, and conjecturally

RG := MG/mG

≈ 730.5127/ sin θ,(1)

where θ is the true obliquity on the date of the experiment. Values of RG given by
this formula are tabulated in Table 1 for reference, showing both the close match
to RI in 1957, 1965 and 1973, and the significant divergence in all other years.



TOWARDS A DISCRETE MODEL OF PHYSICS 7

Table 1. Theoretical values of RG

Date Mean Nutation θ sin θ RG

1949 23◦26′45.2′′ 5.7′′ 23◦26′50.9′′ .3979082 1835.883
1951 23◦26′44.2′′ 9.0′′ 23◦26′53.2′′ .3979183 1835.835
1953 23◦26′43.3′′ 8.0′′ 23◦26′51.3′′ .3979099 1835.874
1955 23◦26′42.4′′ 3.1′′ 23◦26′45.5′′ .3978841 1835.994
1957 23◦26′41.5′′ −3.1′′ 23◦26′38.4′′ .3978525 1836.139
1959 23◦26′40.6′′ −8.0′′ 23◦26′32.6′′ .3978268 1836.258
1961 23◦26′39.6′′ −9.0′′ 23◦26′30.6′′ .3978179 1836.299
1963 23◦26′38.7′′ −5.7′′ 23◦26′33.0′′ .3978285 1836.250
1965 23◦26′37.8′′ 0 23◦26′37.8′′ .3978499 1836.152
1967 23◦26′36.9′′ 5.7′′ 23◦26′42.6′′ .3978712 1836.053
1969 23◦26′36.0′′ 9.0′′ 23◦26′45.0′′ .3978819 1836.004
1971 23◦26′35.0′′ 8.0′′ 23◦26′43.0′′ .3978730 1836.045
1973 23◦26′34.1′′ 3.1′′ 23◦26′37.2′′ .3978472 1836.164

Table 2. Possible mixing of inertial and gravitational mass ratios

sin2 λ 0 .2 .22 .25 1
1949 1836.153 1836.098 1836.093 1836.085 1835.883
1951 1836.153 1836.088 1836.082 1836.073 1835.835
1953 1836.153 1836.096 1836.090 1836.082 1835.874
1955 1836.153 1836.120 1836.117 1836.112 1835.994
1957 1836.153 1836.149 1836.149 1836.149 1836.139
1959 1836.153 1836.173 1836.175 1836.178 1836.258
1961 1836.153 1836.181 1836.184 1836.188 1836.299
1963 1836.153 1836.172 1836.174 1836.176 1836.250
1965 1836.153 1836.152 1836.152 1836.152 1836.152
1967 1836.153 1836.132 1836.130 1836.127 1836.053
1969 1836.153 1836.123 1836.120 1836.116 1836.004
1971 1836.153 1836.131 1836.129 1836.126 1836.045
1973 1836.153 1836.155 1836.155 1836.156 1836.164

Experiments since the 1970s have (by definition) measured RI , but earlier ex-
periments may well have measured a mixture of the two ratios,

RE := RI cos2 λ+RG sin2 λ,(2)

where λ is a mixing angle that depends on the type of experiment, and/or the theory
used to interpret the experiment. The most likely mixing angle from particle physics
to be relevant in this context is the electro-weak mixing angle, or Weinberg angle
θW . Since sin2 θW ≈ .22 I have tabulated some values for RE with λ ≈ θW in
Table 2. The first column gives the accepted value of RI , and the last column gives
the conjectured value of RG for comparison.



8 ROBERT ARNOTT WILSON

Table 3. Values of RE used in the 1969 adjustment

Date µ′p/µn RE Refs.

1949–51 2.792690(30) 1836.096(20) [30]
1950–6 2.79267(10) 1836.083(66) [31]
1955–63 2.792701(73) 1836.104(48) [32]
1961 2.792832(55) 1836.190(36) [33]
1965 2.792794(17) 1836.165(11) [34]
1967 2.792746(52) 1836.133(34) [35]
1967 2.79260(13) 1836.037(85) [36]

4.2. Physical data. In the 1950s and 1960s, the standard method to obtain RE

was to measure the magnetic moment of the proton in water µ′p in units of the nu-
clear magneton µn, and combine this with other parameters that were already fixed
much more precisely. Hence any variability in RE can be attributed to variability
in µ′p/µn. A detailed critique of the relevant experiments is presented in [28], and
a summary of results is given in Table 3, extracted from [28, Table XIV]. It was
assumed at that time that RE = RI , on the basis of the equivalence principle, and
that RI is constant, as it must be in any reasonable theory. Therefore the task was
to recommend a fixed value for RE , on the basis of experiments that give different
values that appear to be significant at the 3σ level. The survey [28] devoted several
pages to the difficult task of attempting to resolve this tension.

On the other hand, if we do not assume the equivalence principle, then we have
one free parameter λ that we can adjust to get a good fit. It can be seen that a
value of λ close to the electro-weak mixing angle does indeed give a good fit to
each individual experiment, at about 1σ in each case. For this purpose we must
assume that the experiments dated 1955–63 were actually done in about 1955–57,
but no other adjustments to the dates are required. While this evidence is clearly
not sufficient to claim definitive proof that the equivalence principle fails, it is a
strong enough signal that it demands new experimental investigation.

Of course, general relativity only relies on the equivalence principle being valid
locally, and does not require a global equivalence. Hence it is not inconsistent with
general relativity to suppose that, at an elementary particle level, the equivalence
between inertial and gravitational mass is locally determined, and may vary from
place to place and from time to time. The underlying physics does not change, but
the mass coordinates that we use to model the physics might change, along with a
host of other parameters that are all interconnected.

This also means that the 1969 and 1973 adjustments cannot be directly com-
pared, since they use a vast range of experimental measurements of many different
quantities to come to a considered opinion. The big difference in 1973 was the
publication [29] in 1971 of a comprehensive set of accurate atomic masses obtained
from experiments in 1965. This entailed a wholesale re-calibration of gravitational
versus inertial masses, and also led to a significant increase in accuracy of experi-
mental measurements of M/m. At the 1973 revision the two most accurate of the
old experiments, plus five new experiments, were considered (see Table 4), but only
the last two were used in the calculations.
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Table 4. Values of RE used in the 1973 adjustment

Date µ′p/µn RE Refs.

1949–51 2.792690(30) 1836.096(20) [30]
1965 2.792794(17) 1836.165(11) [34]
1970 2.792783(16) 1836.158(11) [37]
1972 2.792786(17) 1836.160(11) [38]
1972 2.792777(20) 1836.154(13) [39]
1972 2.7927738(12) 1836.152(01) [40]
1972 2.7927748(23) 1836.152(01) [41]

4.3. A possible explanation. The values of RE that are reported depend not
only on the experiment, but also on the theory that is used for interpreting the
experiment. In [28] analysis was done both classically (labelled WQED—without
quantum electrodynamics) and with QED. After [27] the full standard model was
used, since this was necessary in order to justify the increasingly precise values that
were being obtained from experiment.

Classical Newtonian mass is defined by 4a alone, and calibrated by weighing
objects in the Earth’s gravitational field. It is therefore reasonable to call this
gravitational mass. The discovery of electricity, and the development of the theory
of electromagnetism in the 19th century, led to an electromagnetic field in 3a+3b, in
such a way that the combination of charge and mass appears in 3a⊗3b = 4a+5. At
this stage a calibration of 5 against 4a is implicitly required in order to maintain a
single concept of mass, rather than separating out two components. Let us therefore
label the 5-component ‘inertial mass’, while being careful to understand that the
term ‘inertial mass’ as used in other contexts may well be a mixture of the two
components distinguished here.

The classical (WQED) analysis therefore uses a mass value for each particle that
is a compromise between a theoretical gravitational mass in 4a and a theoretical
inertial mass in 5. On the other hand, the QED analysis uses the Dirac spinor in
4b to produce a mass value in the square of the spinor

4b⊗ 4b = 1 + 3a+ 3b+ 4a+ 5.(3)

By projecting out the unwanted terms, this representation can be identified with
the classical one, so that the two can be calibrated against each other [28, 27].

The full standard model introduces 2a + 2b also into the Dirac spinor, so that
the gravitational mass can be recovered in 2a ⊗ 2b = 4a. This provides enough
information to separate the two different types of mass in 4a and 5. The standard
model can therefore work entirely with the 5-mass, defined by a further projection
from QED, and now defined as inertial mass, or simply mass. This pushes the
calibration of the (gravitational) 4a-mass against the (inertial) 5-mass into the
electro-weak mixing angle that defines the relationship between the spinors of types
2a+ 2b and 4b. From this point onwards, therefore, the standard model can, and
does, ignore gravity completely.
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5. Discussion

5.1. The wider perspective. Whether or not we regard this evidence as persua-
sive, the model does imply that there is a ‘mixing’ of quantum gravity with the
other fundamental forces. Any such mixing must be experimentally detectable in
other ways than just measuring mass values. More or less any experiment in which
there is a rotating frame of reference that has not been taken into account in the
analysis is potentially available for this purpose. Any experiment of this type that
produced an unexpected result might profitably be re-examined from this point of
view. A preliminary list of relevant experiments and observations might include

(a) the Wu experiment [43] that detected parity violation in β decay,
(b) the experiment that detected CP-violation [44] in neutral kaon decays,
(c) the muon g − 2 anomaly [45, 46, 47, 48],
(d) the detection of neutrino oscillations [49, 50, 51],
(e) flat galaxy rotation curves [52, 53, 54, 55, 56, 57],
(f) the flyby anomaly [58, 59] and
(g) the Pioneer anomaly [60, 61].

Proposed new experiments such as [62] are also of interest in this context.

5.2. Speculation. For example, it is possible that one might conclude that (a)
detected not an intrinsic chirality of the weak interaction, but the chirality of the
motion of the laboratory through the Solar System. That (b) detected not an
intrinsic CP-violation, but a difference in the direction of the gravitational field
between the two ends of the experiment. That (c) and (d) also detect a change in
gravitational field direction. That (e) might be explained by adjusting our theory
of gravity to take account of our rotation around the centre of the galaxy. That (f)
is an effect of the rotation of the spacecraft within a rotating gravitational field,
and that (g) detected not a change in gravity, but our rotation around the centre
of the galaxy.

Deeper analysis of these conjectures suggests that all of them can be explained
by a discrete theory of the type I am advocating. Calculations that support these
claims are presented and discussed in [11]. While these explanations are still some-
what tentative, not to say speculative, taken together they suggest that the model
shows considerable promise. In cases (a) and (d) the explanation is qualitative
only, while in the other cases it is quantitative. In cases (b) and (c) the magnitude
of the effect is equal to the angle by which the direction of the gravitational field
changes, while in (f) there is a ‘spin 2’ rather than ‘spin 1’ effect, dependent on the
relationship between the two rotations, of the spacecraft and the Earth. In cases
(e) and (g) the magnitude of the discrepancy between theory and observation is
equal to the magnitude of our acceleration towards the centre of the galaxy.

5.3. Conclusion. I have shown that there is a unique possibility for a finite group
model of physics that contains both spinors and a 4-dimensional absolutely irre-
ducible real spacetime. Initial investigations suggest that a model of this kind can
indeed reproduce all the essential ingredients of both the standard model of particle
physics and general relativity. Not all of these ingredients fit together in quite the
same way as in the standard models, since it makes a significant difference whether
we do the representation theory before (as here) or after (as in standard physics)
converting from the finite group to the Lie groups.
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At the same time, there is a larger gauge group than the Lorentz group, that
suggests that elementary particle rest masses, as defined in the standard model, have
been gauged historically on the basis of properties of the rotation and acceleration of
the laboratory frame of reference. The price of unification on these lines, therefore,
is a demotion of these particle masses from the status of universal constants, to
the status of contingent or emergent variables. If this price is considered to be too
high, then no realistic discrete theory of fundamental physics is available.

On the other hand, if we are prepared to pay this price, then solutions to many
other problems may be within reach. This might include not only a number of
particle physics anomalies, but also the ‘dark matter’ problem, as discussed above.
More detailed analysis in [11] suggests that the 15 dimensions of the unified force can
be parametrized by the 6 degrees of freedom of the photon, plus the 8 gluons, and
one further mass-neutral interaction that converts between eµτppp and nnnnnν. If
such an interaction can be confirmed, then it will have a significant impact on our
understanding of the process of nucleosynthesis, and also, in the reverse direction,
on processes of nuclear burning that release large amounts of energy. Problems
such as the cosmological lithium problem [63] and the coronal heating problem
are therefore impacted, and potentially solved, in this way. Finally, by regarding
the discrete processes as fundamental, and the measurement process as continuous,
rather than the other way around, we may have a realistic interpretation of quantum
mechanics in which the measurement problem ceases to be a real problem [64].
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