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Abstract. It is well-known that quantum mechanics is incompatible with

general relativity, but perhaps not so well-known that this incompatibility

arises at a very basic algebraic level. I propose a new interpretation of quan-
tum mechanics that overcomes this algebraic obstruction. This interpretation

leads to a straightforward derivation of most of the standard model of par-

ticle physics by a simple application of the general principle of relativity to
the foundations of quantum mechanics. This derivation not only explains why

the gauge groups are only approximate symmetry groups, but also permits
calculation of many, if not all, of the unexplained parameters of the standard

model.

1. The fundamental contradiction

1.1. Introduction. Since the 1930s, there have been two competing theories of
the spacetime vacuum, based on the general principle of relativity, and quantum
mechanics, respectively. The symmetries of the vacuum in the two theories are
described by the following groups, and homomorphisms between them:

SO(3, 1)◦ → SL(4,R)
SL(2,C) → SO(3, 1)◦(1)

In the first of these, the group SO(3, 1)◦ is the symmetry group of the vacuum in
Einstein’s theory of Special Relativity (1905), and is the connected component of
the identity in the isometry group of the Minkowski metric x2 + y2 + z2 − t2 on
spacetime.

In Einstein’s theory of General Relativity (1915), the metric is no longer invari-
ant, but is associated to a particular subset of observers, travelling at constant
velocity with respect to each other. The transformation group on spacetime co-
ordinates between observers that are accelerating with respect to one another is
larger. Since SO(3, 1)◦ is a maximal connected subgroup of SL(4,R), this larger
group must contain SL(4,R), and by a choice of scale factor may be assumed to be
equal to SL(4,R).

In the second line, we have the symmetry groups of Quantum Mechanics: the
‘half-spin’ properties of the electron forced Dirac (1928) to work with SL(2,C),
which is a double cover of SO(3, 1)◦. This extends the group SU(2), which is a
double cover of the point symmetry group SO(3) of 3-dimensional Euclidean space.
An easy argument that QM is incompatible with GR runs as follows: to unify the
two theories, it is necessary to extend the double cover of SO(3, 1)◦ to a double
cover of SL(4,R). But there is no Lie group which is a double cover of SL(4,R).
Contradiction.
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In mathematics, a contradiction means one of the hypotheses is false. This is
interpreted in physics as meaning that either GR or QM is wrong in some fundamen-
tal way. But both are supported by such a huge amount of experimental evidence,
that this is an essentially untenable position. There is, however, a third, hidden,
hypothesis, namely that the two groups SO(3, 1)◦ in QM and GR are the same
group. If it is this hypothesis that is false, then both theories can survive intact,
and the conflict reduces to a conflict over interpretation of the Lorentz group.

1.2. A proposal. The mathematical theorem that I have proved here is not that
QM and GR are incompatible as such, but only that their conventional interpreta-
tions in terms of the Lorentz group are incompatible. Hence a unification of QM
and GR on conventional lines is impossible. But there is nothing in the mathematics
that rules out a unification on unconventional lines.

We therefore seek a different way to relate the two fundamental group homomor-
phisms given above. Instead of relating the two copies of SO(3, 1)◦ to each other,
the only other possibility is to relate SL(2,C) to SL(4,R). Since SL(2,C) is a sub-
group of SL(4,R), this is easy to do. We then have a quotient map from SL(4,R)
onto SO(3, 3)◦, which restricts to a quotient map from SO(3, 1) onto SO(3,C), and
the unified algebraic picture of the vacuum now looks like this:

SL(2,C)→ SL(4,R)← SO(3, 1)

SO(3, 1)◦ → SO(3, 3)◦ ← SO(3,C)
↓ ↓ ↓

(2)

In fact SO(3,C) ∼= SO(3, 1)◦, but the two embeddings of SO(3, 1)◦ in SO(3, 3)◦ in
the bottom row are completely different. The left-hand copy acts on four of the
6 coordinates of the defining module for SO(3, 3), while the right-hand copy acts
irreducibly, but not absolutely irreducibly: that is, it defines a complex structure
on this module.

In my opinion, it is the confusion between these two isomorphic groups, and
the attempt to achieve the impossible by identifying the two, that is the source
of all the difficulties in creating a unified theory. For the sake of clarity I shall
try to avoid the notation SO(3, 1) altogether, and use SL(2,C) for the quantum
mechanical version, and SO(3,C) for the relativistic version.

2. The fundamental algebra

2.1. The Lie algebras. The Lie algebra sl(4,R) of the group SL(4,R) consists of
all real 4 × 4 trace 0 matrices. If we label the coordinates x, y, z, t in that order,
then the subalgebra so(3,C) is spanned by the following 6 matrices:

0 1 0 0
−1 0 0 0
0 0 0 0
0 0 0 0




0 0 −1 0
0 0 0 0
1 0 0 0
0 0 0 0




0 0 0 0
0 0 1 0
0 −1 0 0
0 0 0 0




0 0 0 1
0 0 0 0
0 0 0 0
1 0 0 0




0 0 0 0
0 0 0 1
0 0 0 0
0 1 0 0




0 0 0 0
0 0 0 0
0 0 0 1
0 0 1 0

(3)

The first row contains the rotations, spanning so(3,R), and the second row contains
the boosts.
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The Lie algebra sl(2,C) depends on the choice of complex structure, which can
be chosen to be given by

i =


0 1 0 0
−1 0 0 0
0 0 0 1
0 0 −1 0

 .(4)

With this choice of complex structure, sl(2,C) is spanned by the following 6
matrices, that is, the Pauli matrices and their multiples by i.

0 1 0 0
−1 0 0 0
0 0 0 −1
0 0 1 0




0 0 1 0
0 0 0 1
−1 0 0 0
0 −1 0 0




0 0 0 1
0 0 −1 0
0 1 0 0
−1 0 0 0




1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 −1




0 0 1 0
0 0 0 1
1 0 0 0
0 1 0 0




0 0 0 1
0 0 −1 0
0 −1 0 0
1 0 0 0

 .(5)

Again, the three rotations are in the first row, and the three boosts in the second.
It is clear therefore that these two Lie algebras have trivial intersection in sl(4,R),

and span a 12-dimensional subspace. The remaining three dimensions are spanned
by the following matrices, any one of which can be given an interpretation as
complex conjugation:

0 1 0 0
1 0 0 0
0 0 0 1
0 0 1 0




1 0 0 0
0 −1 0 0
0 0 1 0
0 0 0 −1



−1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 −1

 .(6)

2.2. The Lie groups. The Lie groups are obtained in the usual way by exponen-
tiating the elements of the corresponding Lie algebras. If g is an element of the Lie
group, and A is an element of the Lie algebra, then the natural action of g on A is
given by

g : A→ gAg−1.(7)

If V is the 4-space of column vectors v on which SL(4,R) acts naturally, via

g : v → gv,(8)

then the action on the dual space V ′ of row vectors v′ is given by

g : v′ → v′g−1.(9)

One can identify tensor products v⊗w′ with elements A of the Lie algebra, so that,
as a representation of SL(4,R), the Lie algebra lies inside V ⊗ V ′. Since the trace
of gAg−1 is equal to the trace of A, the representation V ⊗ V ′ breaks up as the
sum of a scalar (the trace) and the Lie algebra (trace 0 matrices).
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2.3. Rank 2 tensors. There is also an action of the Lie groups on the rank 2
tensors, that is on V ⊗ V . Such tensors can also be represented as 4 × 4 matrices
B, but in this case the action of the group is different:

g : B → gBgt(10)

where gt denotes the transpose of the matrix g. If B is symmetric, that is Bt =
B, then (gBgt)t = gBtgt = gBgt, so the 10-dimensional subspace of symmetric
matrices is invariant under this action. Similarly, the 6-dimensional subspace of
anti-symmetric matrices is also invariant.

2.4. The representation theory underlying GR. In General Relativity, V is
naturally interpreted as 4-dimensional real spacetime. The rank 2 tensors on V play
important roles in the theory: as noted above, they split into the antisymmetric
tensors, Λ2(V ), of dimension 6, and the symmetric tensors, S2(V ), of dimension 10.
In GR, Λ2(V ) holds the field-strength tensor, and S2(V ) holds the stress-energy
tensor.

Since Λ2(V ) is a self-dual representation we have an equivalence of representa-
tions Λ2(V ′) ∼= Λ2(V ). Maxwell’s equations are written in terms of this representa-
tion. Under SO(3) symmetry, this representation splits into two real vector fields
called the electric and magnetic fields. Under SO(3,C) symmetry, the fields are
unified into a single complex vector field, called the electro-magnetic field. This is
the essential algebraic content of the electro-magnetic unification achieved by the
theory of Special Relativity. As a representation of SO(3,C), the field is isomorphic
to the defining representation on C3, and also to the complex adjoint representa-
tion. Under SL(4,R), the complex structure on this field is no longer invariant,
but is an artefact of the observer’s definition of inertial frame.

On the other hand, S2(V ) is not self-dual and instead S2(V ′) ∼= S2(V )′. The
Einstein field equations are written in terms of this representation. On restriction
to SO(3,C), this representation splits as a scalar plus a 9-dimensional irreducible.
The scalar is typically interpreted as the Minkowski metric on spacetime, and the
9-dimensional representation plays various roles, including that of the Einstein Ten-
sor. On further restriction to SO(3), the latter breaks up into pieces of dimensions
1 + 3 + 5. In the representation theory of SO(3), these pieces are known as the
spin 0, spin 1 and spin 2 representations. Hence the conventional assumption that
quantum gravity necessarily involves particles called spin 2 gravitons.

However, by breaking the link between the space group SO(3) and the spin group
SU(2), we have broken the link between the theory of gravity and the interpreta-
tion of spin. Hence the new model does not predict a spin 2 graviton. Since no
such particles have ever been observed, experiment provides some circumstantial
evidence in favour of the new model.

Finally, let us note that the interpretation of GR in terms of curvature of space-
time is expressed by the Riemann Curvature Tensor, which in representation the-
ory terms is the rank 4 tensor S2,2(V ) of dimension 20. Now S2,2(V ) restricts to
SO(3,C) as 1+9+5C, in which the 5-dimensional complex representation is known
as the spin 2 representation. Again, this confirms our decision to divorce SL(2,C)
from SO(3,C): the spin 2 representation of SO(3,C) then does not necessarily
correspond to the spin 2 representation of SL(2,C). (See Section 6.2 for further
discussion of this issue.)
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2.5. The representation theory underlying QM. The representation theory
that underpins quantum mechanics is both more complicated, and harder to de-
scribe, partly because the Standard Model does not use SL(4,R), even implicitly,
but only SL(2,C). First, let us recall the details of the group homomorphism from
SL(2,C) to SO(3, 1). For g ∈ SL(2,C), and H a 2×2 Hermitian matrix, we define
an action

g : H 7→ ḡtHg(11)

and check that

ḡtHg
t

= ḡtH̄tg = ḡtHg(12)

so that g maps Hermitian matrices to Hermitian matrices, and g = −1 acts trivially.
Writing coordinates for the Hermitian matrices as follows we see the identification
with a Minkowski space on coordinates (p, q, r, s):(

s+ r p+ iq
p− iq s− r

)
(13)

and the identification of the determinant with the Minkowski metric (up to sign).
On restriction to SL(2,C), the module V becomes a Majorana spinor. I shall

therefore use the notation M , rather than V , for this restriction, so that it should
always be clear which group is being used at any given point. A Majorana spinor
does not have a Minkowski space structure, but instead has a Euclidean space
structure.

Moreover, there are two different ways of giving M a complex structure, giving
two different 2-dimensional complex representations W and W ∗, which are left-
and right-handed Weyl spinors. Note that W and W ∗ are self-dual representations:
they are not dual to each other. Matter in the Standard Model is described by the
Dirac spinor, which as a representation of SL(2,C) is isomorphic to both W ⊕W ∗
and M ⊗R C.

Now the rank 2 tensors restrict as follows:

Λ2(M) → 1 + 1 + 4
S2(M) → 4 + 3C(14)

where the 4-dimensional representations each have the mathematical structure of
a Minkowski space. If we denote one of these 4-spaces by X, then M ⊗M has the
representation structure of the Clifford algebra on X, that is

Cl(X) = 1 +X + Λ2(X) + Λ3(X) + Λ4(X)(15)

with pieces of real dimensions 1 + 4 + 6 + 4 + 1. This Clifford algebra is the basis
on which the Feynman calculus is built.

In practice this Clifford algebra is complexified, to make a 16-dimensional com-
plex algebra. The necessity for this complexification seems clear from the physics
point of view, but is not so clear mathematically. What the algebra does in the
Feynman calculus is to describe all complex linear maps from the space of Dirac
spinors to itself. If we regard this space as M ⊗R C, then the Clifford algebra is
more naturally regarded as a complexified copy of M ⊗M ′ rather than M ⊗M ,
although of course these are isomorphic as representations. What is usually done
in physics, however, is to regard the Clifford algebra as the complex tensor product
of two copies of W ⊕W ∗. This procedure automatically complexifies the algebra.
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As a result of these ambiguities, it is not at all obvious how to interpret the
Clifford algebra in terms of the representation theory of SL(4,R). If 16 complex
or 32 real dimensions are actually required, then it seems likely that we need both
V ⊗V and V ⊗V ′, at least. Quite likely we need the whole of (V ⊕V ′)⊗ (V ⊕V ′),
which doubles the dimension again, compared to the Standard Model.

2.6. Non-invariance of the Clifford algebra. Whichever way we attempt to
embed the Clifford algebra into the representation theory of SL(4,R), it is obvi-
ous that the Clifford algebra structure is not natural, and is only invariant under
SL(2,C), not under SL(4,R). The invariant pieces under SL(4,R) have dimensions
6 + 10 + 1 + 15, and under SL(2,C) these split as:

(1 + 1 + 4) + (4 + 6) + (1) + (1 + 4 + 4 + 6)(16)

While the 6-dimensional pieces already have complex structures, the others do not.
Any imposed complex structure necessarily mixes up two representations that are
isomorphic but which would appear to play different roles in physics.

It would appear from the theory of General Relativity that the long-range forces
belong in V ⊗V , and not in V ⊗V ′. The Standard Model describes the short-range
forces in terms of adjoint representations of gauge groups, which vaguely suggests
that short-range forces might belong in V ⊗ V ′. Electro-weak mixing occurs at the
boundary of the two, and suggests that there may be a mixing of V ⊗V with V ⊗V ′
in the Standard Model, obscuring the boundary.

Any such mixing arises from mixing of isomorphic representations of SL(2,C)
across the boundary, as for example in electro-weak mixing where two complex 4-
vectors are mixed together. In terms of practical physics, this means that two effects
that look the same, and are therefore treated the same in the Standard Model, in
fact arise from different underlying causes, and must therefore be treated differently
in a unified model. Teasing out these differences will be quite a challenge.

2.7. Comments on constants. In the Standard Model, X is identified with 4-
momentum, measured with respect to a particular frame of reference of spacetime,
defined by the observer. It is important to remember that this 4-momentum vector
is not invariant under general relativistic transformations, but encodes information
about the observer’s choice of coordinate frame. It follows that the two scalars
in the Clifford algebra are also not invariant. These two scalars are represented
by the Dirac matrices i and iγ5, and are used in the Standard Model (Feynman
calculus) to describe some part of the relationship between mass and charge. We
must therefore expect this relationship to be (to some extent) dependent on the
observer’s choice of reference frame.

More generally, any ‘constant’ that lies in a scalar representation of SL(2,C)
may not necessarily lie in a scalar representation of SL(4,R). Indeed, there is a
similar effect regarding ‘constants’ lying in scalar representations of SO(3), that do
not lie in scalar representations of SO(3,C). Quite a number of such scalars are
known experimentally, included the coupling constants of the different forces, and
various mixing angles between them, that are known to ‘run’ with the energy scale.
Such ‘running’ is mathematically equivalent to a scalar for SO(3) lying inside a non-
scalar representation of SO(3,C). Such scalars arise whenever there is a mixing of
left-handed and right-handed spin representations.
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3. Ingredients of the Standard Model

3.1. The gauge groups. The other ingredients of the Feynman calculus, besides
the Clifford algebra on X, are the Dirac spinor, and various particle labels (flavours,
colours) associated with the gauge groups U(1), SU(2) and SU(3) of the various
forces. To find a Dirac spinor, we have to look in the rank 3 tensors where we have

M ⊗M ⊗M = Λ3(M)⊕ 2S2,1(M)⊕ S3(M)(17)

of dimensions 4 + 2×20 + 20 = 64. Here Λ3(M) has the structure of a Majorana or
Weyl spinor. Then S2,1(M) breaks up into real irreducibles of dimensions 4+4+12,
or complex dimensions 2 + 2 + 6. We can choose the complex structures on the
three pieces independently, for example as

W ⊕W ∗ ⊕ (W ⊗ S2(W ∗)).(18)

The first two components then form a Dirac spinor, and the last component is
the tensor product of a complex 2-space and a complex 3-space. If we ignore the
fact that these are representations of the group SL(2,C), then we can let a second
copy of SL(2,C), or its subgroup SU(2), act on the 2-dimensional factor, and let
SL(3,C), or its subgroup SU(3), act on the 3-dimensional factor, and let GL(1,C),
or its subgroup U(1), act as scalars on the tensor product. In other words, we see
the central product

U(1) ◦ SU(2) ◦ SU(3)(19)

acting as approximate symmetries, in the limit as the ‘spin’ symmetries described
by the group SL(2,C) can be ignored. Thus we obtain exactly the gauge group of
the Standard Model, acting on particle labels in the usual way.

3.2. The Dirac equation. The equation

M ⊗ Λ2(M) = Λ3(M)⊕ S2,1(M)(20)

yields invariant projections onto Λ3(M) and S2,1(M). The latter projection re-
stricts to SL(2,C) to give a map of complex representations

W ⊗ (1 + 1 +X) → W ⊕W ∗ ⊕ (W ⊗ S2(W ∗))(21)

and a further projection onto W ⊕W ∗ by projecting out the last component. We
can now restrict this projection to

W ⊗X → W ⊕W ∗.(22)

The Dirac matrices iγµ, for µ = 0, 1, 2, 3, form a basis for X, and the Dirac
equation itself comes from first losing the complex structure onW , turning it intoM
(and at the same time interpreting M as the dual of V ), and then re-complexifying
to get M ⊗R C ∼= W ⊕W ∗. The Dirac equation is thus an SL(2,C)-invariant map

(W ⊕W ∗)⊗X → W ⊕W ∗.(23)

In order to build a unified theory, however, we need an invariant form of the Dirac
equation. This might come from a projection from V ⊗ Λ2(V ) onto S2,1(V ), but
there are other possibilities. It may be necessary to extend from Λ2(V ) to V ⊗ V ,
for example, in order to get two copies of V ⊗X, to contain enough real variables
for a Dirac spinor times the gamma matrices. The projection might be onto the
zero representation, given that there are enough scalars in Λ2(V ) to account for all
the scalars in the Dirac equation. I will return to these speculations later.
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3.3. Heisenberg duality. In quantum mechanics there is a duality between space-
time (in V ), and 4-momentum (in X), defined by the Heisenberg Uncertainty Prin-
ciple. This duality is not invariant under SL(4,R), since X is not invariant, but
depends on the observer’s frame of reference. This is hardly surprising, since the
uncertainty principle describes the extent to which a particular observer can and
cannot measure different things simultaneously.

Mathematically, the Uncertainty Principle is a duality between a Minkowski
space acted on by SL(2,C), and a Minkowski space acted on by SO(3,C). As
such, it is strictly speaking meaningless in the new model. Nevertheless, it has real
physical interpretation, and we must be able to explain this physical interpretation
in the new model.

To do this, we must extend X to a representation of SL(4,R), presumably either
Λ2(V ) or S2(V ), and interpret the duality in one of:

Λ2(V )⊗ V = Λ3(V )⊕ S2,1(V )
S2(V )⊗ V = S2,1(V )⊕ S3(V )(24)

The nearest thing to a constant (scalar) on the right hand side is Λ3(V ) ∼= V ′. If
we use this representation in place of the scalar, then the ‘uncertainty’ can arise
from two different sources: one is that we are projecting from Λ3(V ) onto a scalar,
and by doing so we lose directional information; the other is that we are restricting
from Λ2(V ) to X, and by doing so we lose some mass and/or charge information.

An invariant form of the Heisenberg Uncertainty Principle can perhaps therefore
be expressed by the projection of representations

Λ2(V )⊗ V → Λ3(V ) ∼= V ′(25)

It is also possible to compose with the projection from V ⊗ V ′ onto an invariant
scalar, and therefore express the principle in the form

Λ2(V )⊗ V ⊗ V → 1(26)

Expressed in this form, the projection is unique, and we can restrict from V ⊗ V
to Λ2(V ), and further note that the projection is symmetric in the two copies of
Λ2(V ), so that the projection becomes

S2(Λ2(V )) → 1(27)

In other words, the Heisenberg Uncertainty Principle becomes a symmetric rela-
tionship between the observer and the observed.

It is worth pointing out also that

S2(Λ2(V )) = 1⊕ S2,2(V )(28)

so that the two components of the symmetric relationship between observer and
observed have complementary interpretations as Heisenberg Uncertainty, and the
Riemann Curvature Tensor.

4. Parameters of the Standard Model

4.1. The interpretation of SL(2,C). We have been forced by the fundamen-
tal contradiction between GR and QM to re-interpret SL(2,C) as a subgroup of
SL(4,R), rather than as the double cover of the (restricted) Lorentz group. There-
fore we have been forced to impose the structure of a complex 2-space onto space-
time. This structure is observer-dependent.
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For a particular observer, with a particular time coordinate, this picks out a pre-
ferred direction in space, say z, and also picks out a preferred direction of rotation
in the x, y plane. Depending on the experiment being performed, the observer may
or may not have a free choice of which direction is the z direction.

In principle, however, there is no choice at all. In the experiment as performed
in a particle accelerator, there are many well-defined directions, of which ‘up’ is
the most obvious, but which include ‘North’, ‘East’, the direction of the Earth’s
axis, the directions to the Sun and the Moon, the axis of the Earth’s orbit, and
the axis of the Moon’s orbit, and many more besides. We cannot assume without
proof that there is any symmetry between any of these directions. All of these
directions have an impact, however small, on the local spacetime coordinates of
the experiment, and must therefore be taken into account in any unified theory of
gravity and particle physics.

More specifically, the intersection of SL(2,C) and SO(3,C) inside SL(4,R) is
trivial. The whole of SL(2,C) therefore describes transformations from an inertial
frame to a non-inertial frame of reference, and contains three complex, or six real,
parameters. Taking out a complex scale factor, we are left with two complex,
or four real, parameters that describe the essential physical properties of such a
non-inertial frame of reference.

4.2. The parameters of the frame of reference. The non-inertial motion of a
particular experiment is complicated, and we can here only hope to give a rough
description of those parameters that are more-or-less independent of where and
when the experiment is conducted, on or near the surface of the Earth. The main
components of the non-inertial motion are due to the obvious rotations of periods
one day, one month and one year about the obvious axes. The dimensionless pa-
rameters of the motion are given by the relative frequencies of the rotations, and
the angles between their axes. There are exactly four independent real parameters
of this type, that are reasonably constant over all experiments, that is, the number
of days in a month, M , the number of days in a year, Y , the angle of tilt of the
Earth’s axis, η, and the inclination of the Moon’s orbit to the ecliptic, µ.

For the purpose of calculating parameters of the Standard Model we shall need
particular values, so let us take

M = 29.53
Y = 365.25
η = 23.44◦

µ = 5.14◦

Here I have taken the lengths of the lunar month and solar year. In principle it
does not matter whether we take these lengths, or the lengths of the sidereal month
and year (and day), or indeed, more esoteric versions, but the formulae we calculate
may turn out to be simpler in one version than another. At this stage we can in
any case only hope for approximate formulae.

It is not clear to what extent experimental measurements of parameters in the
Standard Model might depend, in some instances at least, on variations in the
values of M , Y , η and µ, rather than on average values. The predictable oscillation
of µ by about ±3% over a 347-day period, for example, might form the basis for
an experimental test of the ideas put forward in this paper.
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4.3. Calculation of mass values. Once we have an invariant Dirac equation, it
will explain exactly how to calculate the mass of a fundamental fermion, given its
quantum numbers, and the particular element of SL(2,C) that describes the non-
inertial motion of the experiment. The Klein–Gordon equation will do the same
thing for fundamental bosons. While some mass ratios may indeed be independent
of the choice of subgroup SL(2,C), we must expect that in most cases they are not.

In the case of spin 1 bosons, living in the 3-dimensional complex representation,
we can expect an invariant equation for mass ratios once we reach four distinct
particles. In the case of spin 1/2 fermions, living in a Dirac spinor, so in a 4-
dimensional complex representation, we can expect such equations once we reach
five distinct particles.

The exact form of the invariant Dirac equation is not yet clear, however, and
experimental evidence is key to obtaining the correct equation. We do, however,
expect mass ratios to correspond to spacetime ratios, that is ratios of lengths in V ,
such as sines of angles in space, and frequency ratios.

The first test of the model is whether it can potentially explain the mass ratios of
electron, proton and neutron. These are surely the most fundamental parameters
of all, and should therefore be explained by the most basic parameters Y and η.
We expect these parameters to appear in very simple equations in the form Y ±1,
and a simple trigonometric function such as sin η or cos η. The obvious conjectures

mn/mp = 1 + 1/2Y
me/mp = sin η/2Y(29)

are accurate to .001% and .02% respectively. The factor of 1/2 appearing in these
equations can be attributed to the fact that these particles are fermions, so that a
rotation through 720◦ (corresponding to two years) is required to bring the system
back to its initial state.

Let us now look at weak force mass ratios, where it is the bosons that play the key
roles: these include not only the mediators themselves, that is the Z and W bosons,
but also the pions and kaons that describe the interface between the weak force and
the strong force. The mass ratio mW /mZ is usually written as cos θW , where θW
is the Weinberg angle, and I observe that, to within experimental accuracy,

θW = η + µ.(30)

The fact that both angles appear in this formula is necessary in order to explain
the chirality of the weak force, which arises simply because the three rotation axes
define a chirality of the motion of the laboratory. The model therefore explains the
chirality of the weak force as a local property of our particular region of the Solar
System, rather than a universal property of the weak force everywhere.

The pion and kaon mass ratios depend, to a first approximation, on only one of
the fundamental parameters:

m(π+)/m(π0) = 1 + 1/M
m(K+)/m(K0) = cos2 µ(31)

both accurate to .01%. The dependence of the kaon mass ratio on µ suggests
that this mass ratio should oscillate by about ±.05% on a 347-day cycle. Such an
oscillation is big enough to detect experimentally, but small enough to have been
accidentally missed if experimenters were not specifically looking for it.
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The occurrence of a quadratic rather than linear trigonometric function in the
kaon mass ratio is interesting. We shall see later on that the kaons belong to a spin
2 representation of SO(3), arising from a spin (1, 1) representation of SO(3,C),
while the pions, Z and W bosons belong to spin 1 representations. Of course, these
spins are different from the usual spins, which describe representations of SU(2)
and SL(2,C), rather than SO(3) and SO(3,C).

The Cabibbo angle θC arises in much the same context, and describes the ex-
tent to which the up/down quark gluing described by the pions is mixed with the
up/strange quark gluing. The angle is close to 360◦/M , but a closer match is ob-
tained by using a sidereal month of 27.39646 sidereal days, and an even closer one
by using the anomalistic month, that is the interval between one perigee and the
next, Ma = 27.6300 sidereal days:

θC = 360◦/Ma = 13.029◦(32)

lies halfway between the commonly quoted values of 13.02◦ and 13.04◦.

5. Universality

5.1. Three generations of electrons. I have demonstrated that the electron
mass can be explained in terms of local parameters of our frame of reference. If so,
the same must presumably be true for the masses of the heavy electrons: the muon
and the tau particle. However, it is not yet clear how the ‘symmetry’ between the
three generations relates to these parameters. On the other hand, it is certainly
plausible that the sum of the three masses might be less dependent on local pa-
rameters, and therefore easier to explain. As explained above, we need a total of
five fermions to obtain a universal mass equation, and adding the proton and the
neutron to the mix seems the simplest way to do this.

To ensure invariance under the weak interaction, which is implied by the general
principle of relativity, we must also add in the three neutrinos, although their
masses are effectively zero in our frame of reference. Conservation of charge implies
we need to add the mass of three protons to the masses of one neutrino and one
electron in each of three generations.

We can take appropriate quantum numbers (not exactly the same as Standard
Model quantum numbers, since ‘generation’ is not a conserved quantity in the
Standard Model) for the particles as follows, where the first coordinate represents
the charge and the other three are a slight modification of the Standard Model
‘generation’, or flavour, quantum numbers:

νe = (0, 1, 0, 0)
νµ = (0, 0, 1, 0)
ντ = (0, 0, 0, 1)
e = (−1, 1, 0, 0)
µ = (−1, 0, 1, 0)
τ = (−1, 0, 0, 1)
p = (1, 1, 1, 1)
n = (0, 1, 1, 1)(33)

The sum of the vectors of quantum numbers for the 6 leptons plus three protons
equals the vector of quantum numbers for 5 neutrons. I therefore conjecture that
also the mass is the same for the two collections of particles.
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By neglecting the neutrino masses, and recasting the equation as a prediction of
the tau particle mass, we have the conjecture that

mτ = 5mn − 3mp −mµ −me(34)

It is readily verified that this conjecture is in complete agreement with experiment,
to .001%, or .1σ. Moreover, it predicts the value of the tau mass to three more
significant figures than are currently known experimentally.

5.2. The baryon octet and decuplet. I have explained in Section 3.1 how mas-
sive spin 1/2 particles can be modelled in the 20-dimensional real representation
S2,1(V ), or by its restriction to SL(2,C), that is a 10-dimensional complex repre-
sentation that splits as 2+2+6. The above equation implies that only four complex
dimensions are required for the leptons and the proton and neutron, leaving 6 more
for the other 6 members of the baryon octet, that is the Λ, three Σ and two Ξ spin
1/2 baryons.

Similarly, the restriction of S3(V ) to SL(2,C) contains a 4-dimensional spin
3/2 component, together with the same 6-dimensional component that appears in
S2,1(V ). It seems inevitable, therefore, that S3(V ) has a complex basis consisting
of the baryon decuplet of those spin 3/2 baryons that are made out of up, down
and strange quarks.

In both cases, there are too many different masses to make any sensible pre-
dictions about mass ratios at this stage. However, it is noticeable that the four
spin 1/2 baryons with strangeness 1 have total mass very close to the 5-neutron
standard mass used above:

m(Λ) +m(Σ0) +m(Σ+) +m(Σ−) = 5mn.(35)

In this case, the discrepancy is around .05%, or 10σ. Either we need an explanation
for this discrepancy, or we must discard this equation as a mere coincidence—though
a startling coincidence, if so.

If this model of the baryon octet and baryon decuplet is correct (which is by no
means certain), then it tells us there must be equations for the three heavy quark
masses in terms of masses of other particles, along the lines of the above equation
for the tau mass in terms of the masses of electron, muon, proton and neutron.

5.3. Quarks. The model at the current rudimentary stage does not give us much
of a clue as to what any universal mass equations for quarks might look like. We
must rely on inspired guesswork, along the same lines as Gell-Mann and others
used to produce mass formulae in the days before the development of the Standard
Model. The general principle must be that the difference in mass between two
quarks must be attributed in some way to the mass of a boson.

But we require at least five particles to create such an equation, so the minimum
requirement is probably four quarks and two bosons, if the quarks are two up-
type and two down-type, or perhaps three quarks and three neutrinos plus two or
three bosons, if the quarks are all up-type or all down-type. The bosons should be
massive bosons associated with the strong and/or weak force, so suitable candidates
are the Z and W , the pions and kaons, and perhaps the η, η′ or Higgs boson. This
already gives us 9 distinct boson masses, in addition to the 6 quark masses, and
quite a lot of wiggle-room, which means that no equation of this type is going to
be particularly convincing.
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On the other hand, two of the 8 independent boson mass ratios have already
been explained, and we can possibly get rid of one more by conjecturing the Higgs
mass as

2mH = mZ + 2mW ,(36)

which is accurate to about .8%. While this level of accuracy may not be particularly
convincing in its own right, it nevertheless still reduces the amount of wiggle-room.

The best conjectures I currently have for the heavy quark masses are:

mc −ms = m(K+) +m(η) +m(π0)
mb +ms +md +m(π+) + 2m(π0) = 5mn

mt −mb +mc −ms −mu +md = mZ +mW(37)

These equations, especially the first, are little more than guesses at present. The
second equation is based on the idea that the neutron has the same quantum
numbers in each ‘generation’: the charged pion neutralizes the charge on the quarks,
and the neutral pions change between the three generations. The last equation is
based on the idea that the decay of the heavier quark in each generation to the
lighter one is a weak force process, so should involve a Z and/or W boson. In
particular, a W boson is required to account for the charge difference.

These equations give the following values in MeV/c2:

mc = 1272± 5
mb = 4190± 5
mt = 174580± 50(38)

compared to experimental values:

mc = 1275± 25
mb = 4180± 30
mt = 173210± 510± 710(39)

6. Neutrinos

6.1. Neutrino oscillations. The newly introduced quantum numbers that define
the generations of electron are directly linked to three directions in space, defined
with respect to the rest frame of the experiment. It does not matter which three
perpendicular directions in space they are, but what does matter is that there is
no spacetime symmetry at all in this rest-frame, due to its complicated non-inertial
motion.

In particular, there are two specific bases of space with respect to which one
can measure the properties of neutrinos. One is the generation basis, and the
other is the momentum basis. That is, one can measure either the generation of a
neutrino (via the weak interaction), or one can measure the direction of motion of
a neutrino (by seeing where it came from), but unless one knows something about
the relationship between the momentum basis and the generation basis, one cannot
do both at the same time.

This is a rather subtle point, and worth pausing on. Of course, the group
SL(4,R) contains enough symmetries to express momentum symmetries and gen-
eration symmetries independently, for example in the subgroup SU(2) ◦ SU(2) of
SO(4). But this is not true for an individual observer, observing an individual
experiment in a particle detector, who is restricted to a particular subgroup SO(3)
that mixes the two triplet symmetries of SO(4).
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In the case of solar neutrinos, one knows nothing at all about the non-inertial
motion of the frame of reference of the nuclear reaction that produced the neutrino,
and therefore one knows nothing at all about the relationship between the genera-
tion basis and the momentum basis. Since we know quite accurately the direction
of motion of a solar neutrino when we encounter it, it follows that we know nothing
at all about the generation of the neutrino. This is what experiment tells us: solar
neutrinos are encountered in roughly equal numbers in the three generations.

The case of terrestrial neutrinos is more complicated, and more interesting. If
we can identify the source of a neutrino, then we do know something about the
relationship between the momentum frame and the generation frame at source,
and we can calculate how that differs from the relationship between the momentum
frame and the generation frame at sink.

In other words, we can calculate quite precisely the probability that a neutrino
that is defined at source as an electron neutrino is detected as an electron neutrino
at sink. This probability is cos θ, where θ is the angle between the directions
‘electron’ at source and sink. Experiment can then tell us if θ corresponds to an
angle we can measure more directly, such as the angle between the two definitions
of ‘up’, or ‘North’, or ‘East’. (See also Section 6.6 for further discussion of this
issue.)

Whatever happens, however, this analysis demonstrates that the new model is
capable of explaining neutrino oscillations for massless neutrinos. The Standard
Model cannot do this, but has to hypothesize a non-zero mass for neutrinos, in
the face of mounting experimental evidence that such a mass is too small to be
detectable, and is therefore indistinguishable from zero.

6.2. Gravitational waves. One important source of such evidence is the recent
experiments which have detected gravitational waves. These waves are ‘tidal’, in
the sense that they are spin 2 oscillations as far as the Lorentz group SO(3,C)
is concerned. Thus they are exactly the type of gravitational wave that Einstein
predicted. They have been detected in association with the collision of two neutron
stars, which also produced copious bursts of photons and neutrinos, that were
detected at almost exactly the same time.

To explain these phenomena in the new model, we need to restrict the ‘grav-
itational’ representation S2(V ) to SL(2,C). As we have already seen, this splits
into a 4-momentum representation and a 3-dimensional complex representation.
The 4-momentum presumably represents a massless particle, with a sign attached.
The only observed particles that are available for this position are the neutrinos,
with a sign to distinguish neutrinos from antineutrinos. It may be objected that
neutrinos have spin 1/2, not spin 1, but such objections, if they are valid, can be
answered by considering the combined effect of two neutrinos. The interpretation
of the 3-dimensional complex representation will be discussed in Section 6.4.

While this is undoubtedly speculative, it is consistent both with experiment,
and with General Relativity, and with the new model, to suppose that gravity is
‘mediated’ by the exchange of neutrinos. Such a quantum gravity would rely on a
‘sea’ of a very large number of very low energy neutrinos, that are emitted by all
matter as a kind of ‘black-body’ radiation, and that are undetectable by any means
other than by observing their gravitational effects.
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6.3. Virtual photons. In order to unify QM with GR it is necessary to match up
the interpretations of the various representations. Let us begin with Λ2(V ), which
in GR represents the electromagnetic field. In particle terms, in a vacuum, this
field is represented by photons, with three independent directions of motion, and
two independent helicities. This is the invariant (i.e. observer-independent) form
of the field.

In the presence of matter, there is a preferred frame of reference, with respect
to which the matter is, on average, at rest. In this context, the electromagnetic
field decomposes into the field at a point, represented by positive and negative
charges, and the propagation of that field via photons. Relative to the vacuum
model, the photons retain their three momentum coordinates, but lose two of their
spin coordinates. They therefore have just four independent coordinates, which is
sufficient to allow a single sign to denote the helicity.

The remaining two spin coordinates can be thought of as belonging to a quantum
superposition of photons with equal and opposite momentum coordinates. Hence
the standard interpretation of a hydrogen atom as consisting of a proton and an
electron bound together by the exchange of virtual photons. In GR, however, these
virtual photons are indistinguishable from real photons.

Alternatively, in QM, one can split the spin coordinates differently, and allocate
them to the electron and proton instead. Instead of each photon having a whole
spin, one left-handed and one right-handed, the electron and proton each have half
a left-handed spin and half a right-handed spin. While the physical interpretation of
such a sentence may not be clear, mathematically this is exactly what the Feynman
calculus does.

6.4. Virtual neutrinos. Now let us apply a similar analysis to the representation
S2(V ) of dimension 10. On restriction to SL(2,C) this representation contains
another 4-momentum representation, which must represent neutrino momentum,
together with a sign which in the Standard Model distinguishes neutrinos from
antineutrinos. The remainder of the representation must therefore represent virtual
neutrinos, in order for GR to be valid. From the observer’s point of view, however,
the six remaining coordinates represent the gravitational field at a point, that is,
mass.

The nomenclature of the Standard Model is not really adequate to describe ex-
actly what is going on here, but roughly speaking we can think of the 6 coordinates
as the 3 colours and 3 anti-colours of quarks. The gluons that stick the quarks
together are made up of two virtual neutrinos.

On the other hand, the structure of the proton is surely better described by
assigning the mass to the gluons, and not to the quarks. Perhaps, indeed, the
quarks are the virtual neutrinos, and the mass comes from the interaction energies
of the quarks with themselves and with each other. The up and down quarks
must then interact very weakly with themselves, but very strongly with each other,
in order to explain the observed masses of up and down quarks, and proton and
neutron.

This interpretation of the 3-dimensional complex representation as virtual neu-
trinos is forced on us by the general principle of relativity. It allows us now to
explain the gravitational effects of baryons by means of an exchange of neutrinos,
between the ‘real’ neutrinos in the outside world, and the virtual neutrinos inside
the baryon.
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6.5. Gluons. In the Standard Model, there are 8 gluons, of which two are colour-
less and six are coloured. This splitting into coloured and colourless gluons ap-
pears to be invariant, such that the colourless gluons are virtual photons, and the
coloured gluons are (essentially) virtual neutrinos. The unification of the two into
an 8-dimensional irreducible representation of SU(3) would therefore seem to be
misguided. As we have already seen, the group SU(3) is a fictitious group acting
on a 3-dimensional complex space, where the actual group of symmetries of this
space is orthogonal, and not unitary. Hence the symmetry group has dimension 6
rather than 8, and the two colourless gluons are different from the other 6.

6.6. Background neutrinos. Just as there is a background sea of photons derived
ultimately from black-body radiation, there must be a background sea of neutrinos,
probably also a form of black-body radiation, that we can feel in the form of a grav-
itational field. The ‘generation’ of a neutrino as defined by the weak interaction is
a coupling of neutrinos to mass. But if mass is defined by neutrino-neutrino inter-
actions, then the generation of the neutrino, and the generation of the associated
electron, are defined by the interaction of the neutrino with the background.

The neutrino background clearly defines the directions up and down, and also,
in view of the neutrino radiation coming from the Sun, defines the directions
North/South and East/West. Hence the definition of the three generations of neu-
trino is a local one, specific to the particular location of the experiment on Earth.
Therefore a neutrino defined as an electron neutrino in one location will be de-
fined as a superposition of electron, muon and tau neutrinos in another location,
as explained earlier.

6.7. Background independence. One of the most important criteria for evalu-
ating potential unified theories is the property of background independence. The
word ‘background’ in this context is used in quite an abstract way, to describe
anything external to the system being modelled. General Relativity is usually re-
garded as being background-independent, while the Standard Model is not. The
background of the Standard Model includes such features as the non-inertial motion
of the laboratory frame of reference, and the neutrino background radiation that I
have suggested may be related to the force of gravity.

While the conventional view is that this background has negligible effect on
quantum mechanical processes, I have argued that, on the contrary, this background
has a large number of unrecognised effects on the parameters of the Standard Model.
By explaining some of the mechanisms of background-dependence of the Standard
Model, we lay the foundations for a background-independent model to replace it.

I have provided plenty of evidence that in fact the concept of mass of elementary
particles is itself dependent on the background. Therefore a truly background-
independent model must not mention mass at all.

7. Massive particles

7.1. The measurement problem. If, as I have suggested, the mass of an el-
ementary particle is not an intrinsic property of the particle, but a property of
the interaction of the particle with the observer, then measurement of mass be-
comes part of the so-called measurement problem. This problem is a consequence
of Heisenberg uncertainty. In its simplest form, Heisenberg uncertainty is a duality
between 3-position and 3-momentum, as defined by the observer.
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In principle, the observer can either measure the position exactly, in which case
the momentum is undefined, and the thing that is observed is interpreted as a
particle without momentum; or measure the momentum exactly, in which case the
position is undefined, and the thing that is observed is interpreted as a wave without
position. In practice, of course, actual measurements lie somewhere between these
two extremes.

I have suggested replacing Heisenberg duality by the natural duality on Λ2(V ).
This is in accord with the quantum mechanical interpretation of 3 of the coordi-
nates of Λ2(V ) as momentum, but not with the usual extension to 4-momentum.
Nevertheless, it also gives rise to a natural duality on the electromagnetic field,
which agrees with the standard interpretation of the electric and magnetic fields as
being in some sense ‘dual’ to each other.

If this suggestion is to be carried through, it would seem to be necessary to
interpret the 6 coordinates of Λ2(V ) as 3 momentum coordinates and 3 position
coordinates. However, such concepts only make sense relative to an observer, and
it would be better, if possible, to find an interpretation that is less dependent on
the observer.

7.2. Intrinsic properties and observations. To do this, notice that we want to
interpret elements of Λ2(V ) as observations of properties of individual quanta. It
is not necessary to interpret them as intrinsic properties of the quanta. Indeed,
it is the attempt to interpret them as intrinsic properties that leads to the serious
ramifications of the measurement problem, including Bell’s Theorem that quantum
mechanics cannot be explained by local hidden variables, and the resulting hypoth-
esis that only non-locality can explain what is seen in experiments. It is therefore
essential to distinguish carefully between intrinsic properties, and observations.

Intrinsic properties must lie in different representations from observations. For
example, it may be possible to allocate the intrinsic properties that underlie position
and momentum observations to the representation V , or V ′, each of dimension 4.
Quantization reduces the number of degrees of freedom to 3, which is the number
that Heisenberg’s Uncertainty Principle suggests there really are.

If we then allocate another copy of V or V ′ to the observer (not necessarily
quantized, if we assume the observer is macroscopic), then the observation naturally
lies in V ⊗ V or V ′ ⊗ V ′. Projecting onto Λ2(V ) = Λ2(V ′) then gives the actual
observations of position and momentum. This suggests that we can extend the idea
of measurement to the whole of V ⊗ V , and put other observed properties, such as
mass, into S2(V ). There is no invariant duality on S2(V ), and therefore there is no
invariant Heisenberg Uncertainty Principle for these other properties, and therefore
no quantization of them.

If we do this, however, what we find is that we are making 15 observations
of an entity that only has 3 intrinsic degrees of freedom. In addition to the 6
position/momentum observations, we have 9 further observations, which I suggest
correspond in the Standard Model to the 9 fundamental masses, that is, three
generations of electron, up and down quarks. In particular, this model implies that
the observed mass of neutrinos is zero, in agreement with observation.

The underlying principle that is suggested by this discussion is that if the intrinsic
properties of a particular type of particle lie in a representation Y , then the observed
properties lie in the representation V ⊗ Y . In particular, we observe roughly four
times as many particles of a given type as actually exist in an invariant model.
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7.3. Fundamental particles. I have suggested that the most fundamental objects
in quantum mechanics should lie in the representation V . In a sense, they are
quanta of spacetime. Mathematically, they are Majorana spinors. The elements of
V are not directly accessible to us, and the best we can do is tensor with another
copy of V , and interpret the elements of V ⊗V as observables. This is more or less
what quantum mechanics normally does anyway, except that the two copies of V
are normally combined into a Dirac spinor, and are both regarded as intrinsic to
the particle.

With the new interpretation, however, we have to regard the elements of V ⊗V as
describing instead the relationship of the fundamental quanta to the outside world,
or more specifically, to us as observers. This relationship splits into a symmetric
part and an anti-symmetric part, and the distinction between the two must be
the most fundamental dichotomy in the whole of quantum mechanics. I suggest,
therefore, that it is the distinction between (what we observe as) fermions and
bosons.

Indeed, we can switch viewpoints, and step outside the model for a moment,
so that the two copies of V belong to two different quanta of spacetime that we
want to observe. Then V ⊗V describes the relationship between these two quanta,
represented by an exchange of photons and neutrinos between them. Hence we can
also interpret V ⊗V as photons and neutrinos, as already described in some detail.

Now if we want to observe the interaction of two quanta then we need to move
up another level, to V ⊗ V ⊗ V . At this level we can see both the electromagnetic
and gravitational interactions, and can therefore observe both mass and charge.

But we can again switch viewpoints, so that all three copies of V belong to
fundamental quanta, and we are looking from the outside at triplets of quanta.
Some of these triplets appear in the Standard Model as baryons, made out of three
quarks, which suggests an interpretation of V as quarks. However, quarks in the
Standard Model have too many degrees of freedom for this to be viable as it stands.
A better interpretation perhaps is that V consists of four ‘colours’, closely related
to, but not identical with, the colours of quarks in the Standard Model.

If we want to observe the strong force between the quarks in a baryon, then
we need to step up one more level again, to V ⊗ V ⊗ V ⊗ V . At this level we
see in particular a 45-dimensional irreducible representation which can hold the 45
fundamental fermions of the Standard Model. As we saw earlier, the rank 3 tensor
only contains enough information for three quarks, with a Majorana spinor for each.
By multiplying the dimension by four, we can double the number of quarks to six,
and give them each a Dirac spinor, thus matching the Standard Model exactly.

We also see the 15-dimensional adjoint representation of SL(4,R) that can be
related to the Standard Model mediators, but which is perhaps better regarded as
the Lie algebra of infinitesimal coordinate changes. There is also a 20-dimensional
irreducible representation that is mathematically equivalent to the Riemann Cur-
vature Tensor.

7.4. Fermions and bosons. It is certainly controversial to suggest that the dis-
tinction between fermions and bosons may say as much about us as it does about
them. But in mathematical terms, the distinction only makes sense if one can ac-
tually tell which sheet of the double cover the fermion is on: and the fermion itself
does not know about the existence of the other sheet. It is only by our interactions
with the particle that we can tell the difference between fermions and bosons.
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There is a well-known parlour trick which demonstrates the existence of the
double cover of SO(3) within the dynamics of ordinary 3-dimensional space. The
double cover does not describe an object in isolation, but the relationship between
two objects. If you hold out one hand flat, and put a dinner-plate (with the dinner
on it, if you like) on your hand, and try to rotate the plate around a vertical axis
while keeping your feet in the same place on the ground, you will find that it is
possible to rotate the plate by 720◦ and bring it, and your arm, exactly back to
the starting position. Half-way round, after 360◦, you will the position is quite
uncomfortable, and you can easily distinguish between the spin up and spin down
states of your dinner plate. The plate itself, and the dinner, cannot distinguish
between these states.

We have now allocated the anti-symmetric rank 2 tensors to bosons (photons
and colourless gluons), and the symmetric rank 2 tensors to fermions (neutrinos
and constituents of coloured gluons). As this differs significantly from the Standard
Model, in which all even rank tensors are allocated to bosons, and odd rank tensors
to fermions, it is worth investigating in more detail whether this new allocation can
make sense physically.

The antisymmetric tensors are already associated with photons in the Standard
Model. Written as matrices, they can be interpreted as rotations in two planes,
for example the x, y plane and the z, t plane. Rotation in the z, t plane represents
some kind of wave, or oscillation, travelling in the z direction. Rotation in the x, y
plane represents the spin of the photon in the usual way. As it is a rotation, it is
reasonable to describe this as spin 1. However, it must be recognised that in order
to obtain this interpretation, we have silently identified V ⊗ V with V ⊗ V ′, and
hence unavoidably involved the observer in the interpretation.

The problem becomes worse for the symmetric tensors, where this identification
picks out the identity matrix as being special. The trace 0 symmetric tensors
are combinations of reflections in two planes. In terms of matrices, these appear
to be of two distinct types: diagonal and off-diagonal matrices. However, there
is no mathematical distinction, and the difference is only a difference in choice
of coordinates. The diagonal matrices can be described as negating two of the
coordinate directions, x, y, z, t. The off-diagonal matrices on the other hand negate
sums and differences of two coordinate directions, for example x+ y and z − t.

The off-diagonal symmetric matrices therefore look much like the anti-symmetric
matrices, but using reflections instead of rotations. As far as an observer with
a particular time coordinate is concerned, there is again some kind of wave or
oscillation travelling in the z direction, and also oscillating in the x, y plane. The
observer perceives the x, y oscillation, which is now a reflection, rather than a
rotation. The observer perceives that two such reflections can combine to make a
rotation, and interprets this as saying that two spin 1/2 particles can combine to
make a spin 1 particle.

The ‘spin’ in this case is a physically important concept, which has a clear
counterpart in the mathematical distinction between rotations and reflections. But
this mathematical distinction is not, and cannot be, the same as the conventional
distinction between spin 1/2 and spin 1 representations of SU(2) or SL(2,C). This
is because the Standard Model identification of representations of SO(3,C) with
representations of SL(2,C) cannot be maintained, as it leads to the fundamental
mathematical contradiction pointed out in the Introduction.



20 ROBERT A. WILSON

The diagonal matrices, on the other hand, are more difficult to interpret. They
do not couple time to a space direction, so cannot reasonably be interpreted by a
particular observer as massless particles travelling at the speed of light. Neverthe-
less, in the invariant theory, that is what they are. How, therefore, does an observer
see them? They certainly exist, but they don’t have any of the normal physical
properties of particles or waves. They behave rather like colours in the Standard
Model, so perhaps we should try to interpret them as four colours?

On the other hand, these diagonal matrices are clearly related to gravity, and so
must have some interpretation as mass. But they are neither particles nor waves.
To observers such as ourselves, they appear therefore to have all the properties of
‘dark matter’. This may or may not turn out to be a viable interpretation, but at
least it provides a dark matter hypothesis that can potentially be tested.

Tensoring these representations with the spacetime representation V then de-
scribes bosons and fermions that are coupled to spacetime, and therefore have a
concept of being at rest, and therefore have non-zero masses.

7.5. Massive fermions. Massive fermions are therefore described by the repre-
sentation

S2(V )⊗ V = S2,1(V )⊕ S3(V )(40)

On restriction to SL(2,C), the representation S3(V ) splits up as 4 + 6 complex
dimensions, which seems to describe the baryon decuplet of 10 spin 3/2 baryons
quite well. The splitting 4 + 6 reflects the splitting of the baryons into the four ∆
baryons, which in the Standard Model are made out of up and down quarks, and
the six strange baryons (three Σ∗, two Ξ∗, and the Ω−).

Likewise, the representation S2,1(V ) splits as 2 + 2 + 6 complex dimensions,
which reflects the splitting of the spin 1/2 particles into two electrons (electron and
muon), two nucleons (proton and neutron), plus six strange baryons (the Λ, three
Σ and two Ξ). The third generation of electron (the tau particle) has already been
identified as a linear combination of electron, muon, proton and neutron.

We see that the apparent 8-fold symmetry of the baryon octet is an illusion, and
that the actual symmetry is 2 + 6, just as was the case for the gluons. This is
another reason to replace the SU(3) gauge group of the strong force by the group
SO(3,C), as I have suggested above.

7.6. Breaking the symmetry. If we break the symmetry further, by restricting
to SU(2), then the 6-dimensional irreducible breaks into 2 + 4, in which the 2
dimensions represent the Ξ particles, and the 4 dimensions represent the Λ and
three Σ particles. The symmetry group is now too small to express invariance
of charge, but is still big enough to express invariance of mass. It is therefore
reasonable to expect the sum of the masses of these four particles to be invariant,
relative to the standard mass of the neutron.

However, if charge is not invariant, then we cannot effectively distinguish between
a neutrino and an electron. Hence we might expect discrepancies in any mass
equation, of the order of an electron mass. This is indeed what we found in the
conjectured equality of this total mass with 5 neutron masses: it is short by roughly
5 electron masses. In other words, if instead of a neutron and an antineutrino we
take a neutron and an absence of an electron, we put the electron mass on the other
side of the equation, and it balances exactly.
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Of course, this conjecture is pure speculation at this point. What is really
required is an allocation of new quantum numbers to all these particles, that both
makes sense relative to the Standard Model, and makes a definite prediction for a
mass equation.

7.7. Massive bosons. In a similar way, the fundamental massive bosons are de-
scribed by the representation

Λ2(V )⊗ V = Λ3(V )⊕ S2,1(V ).(41)

On restriction to SL(2,C) the representation Λ3(V ) is 2-dimensional complex, while
S2,1(V ) splits as 2 + 2 + 6 as above. The occurrence of S2,1(V ) in both the boson
and the fermion representation is responsible for a partial ‘super-symmetry’ between
bosons and fermions. Just as the fermions we found were made out of up, down
and strange quarks only, we should expect to find the 9 pseudo-scalar mesons on
the same quarks and antiquarks, as well as the Z and W bosons. The obvious way
to split them as 2 + 2 + 2 + 6 is to allocate the three 2-dimensional representations
to charged pairs of bosons, that is the W±, π± and K± bosons.

Presumably the W± bosons are associated with Λ3(V ), and the pseudoscalar
mesons lie inside S2,1(V ). The 6-dimensional representation can then contain the

corresponding neutral bosons, that is the Z0, π0, K0, K0, η and η′ particles. If so,
this sheds new light on the symmetry-breaking of the weak force: there appears to
be no symmetry between the Z and W particles, and the supposed SU(2) symmetry
between them is only SO(2). This is indeed what the structure of Λ2(V ) suggests,
where the weak force is responsible for mixing together the two real scalars under
the action of SL(2,C). Since there is a GR-invariant inner product on Λ2(V ), the
largest group that can act on this (non-singular) 2-space is SO(2).

8. Speculation

8.1. Newtonian gravity. Newtonian gravity is expressed by a (3-dimensional)
real vector field, contained in the 10-dimensional field of symmetric rank 2 tensors.
This Newtonian gravitational field consists of neutrinos which have lost their gen-
eration information. In particular, they have lost all information about the relative
masses of electron, muon and tau particle, since they have lost all information about
the definitions of these three particles.

This is a very serious problem for Newtonian gravity, as it seems to imply that
in calculating the gravitational field of the Earth one should use not the local value
of electron mass, but the average value of the electron/muon/tau masses, that is
approximately 2/3 of the mass of a nucleon. Similarly, instead of nucleon masses,
one should use the average value over the baryon octet, that is about 23% larger. If
so, then the gravitational mass of the Earth is underestimated by a factor of about
1.6.

The question then is, to what extent such factors of 1.6 cancel out, or accumulate,
as we bootstrap our way across the universe. If we accumulate four such factors,
then we underestimate the mass of the universe by a factor of 6.5, which is roughly
the factor which cosmology tells us is required in order to explain the structure of the
universe that we see. While this is highly speculative at this stage, it does suggest
a mechanism by which the need for dark matter in cosmology could be removed,
simply by recalculating the masses of gravitating bodies on new principles.
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Another way to look at a Newtonian universe is to restrict the symmetry group to
SO(3), whose action on the 16 dimensions of V⊗V or V⊗V ′ is 1+1+3+3+3+5. But
Newtonian particles have 3 degrees of freedom (momentum), so the 5-dimensional
representation does not have an interpretation in Newtonian physics. Instead, we
must (incorrectly) replace 1 + 5 by 3 + 3, so that we have just five elementary
particles, which we can plausibly identify as electron, proton, neutron, neutrino
and photon.

This allows us to postulate a Newtonian gravity between electrons, protons and
neutrons, mediated by neutrinos. Clearly this is wrong in several independent ways,
but on the Earth, with a presumably reasonably constant flux of neutrinos, with
a reasonably constant spectrum of energies, provides a very convincing theory of
gravity satisfying the inverse square law. Likewise, in the Solar System, with a
similar property for solar neutrinos, Newtonian gravity works well.

8.2. Vacuum energy. The most notorious of the incorrect predictions of the Stan-
dard Model is the prediction of the energy density of the vacuum, which is too large
by some 120 orders of magnitude. This prediction is made by assuming that the
vacuum produces spontaneously particle-antiparticle pairs for every type of fun-
damental particle, however massive. As we have seen, however, mass arises from
the presence of rotating frames of reference, and therefore the contribution of mass
to the vacuum energy density is actually the contribution from the energy of the
Earth’s motion.

A vacuum in interstellar space contains essentially no mass, and therefore its
energy density is attributable only to spontaneous creation of neutrinos and an-
tineutrinos, and pairs of photons. This density is related to the temperature, which
is generally agreed to be around 2.7K.

The usual interpretation of the Cosmic Microwave Background Radiation (CMB
or CBR) is that it is left over from the Big Bang. However, it appears to me to
be consistent to regard it instead as being spontaneously created by the vacuum
itself. This then permits a unification of the CMB with an analogous background
radiation of neutrinos, which will however be much harder to detect and measure.

If the energy density of the vacuum is related to temperature, then a hot body
of matter heats up the vacuum that it occupies, and increases the vacuum energy,
hence increasing the energy of the pairs of photons and neutrinos that the vacuum
produces. This black-body radiation is usually regarded as being produced by the
matter, but it is equally consistent to regard it as being produced by the vacuum
itself.

8.3. Neutrino-photon interactions. The well-documented gravitational bend-
ing of light rays implies that photons interact with neutrinos. But since we have
identified virtual neutrinos as the mediators for the strong force as well, we should
expect to see a bending of light rays by the strong force. While such effects do not
exist in the Standard Model, they do exist in experiment. If a photon travelling
through air hits a pane of glass at an angle, at the moment of transition it feels a
neutrino field that is stronger on one side than the other, and bends accordingly.
Refraction of light rays is the result. At a quantum level (but not at a classi-
cal, gravitational, level) the interaction with higher-energy photons appears to be
stronger, so that they bend more than lower-energy photons.
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Appendix: Details of mass calculations

For the purposes of making mass predictions, and comparing with experiment,
I take the following experimental measurements, all in MeV/c2. Lepton masses I
take as:

m(e) = .5109989461(31)
m(µ) = 105.6583745(4)
m(τ) = 1776.86(12)(42)

and baryon masses as:

m(p) = 938.2720813(58)
m(n) = 939.5654133(58)
m(Λ) = 1115.683(6)

m(Σ+) = 1189.37(7)
m(Σ0) = 1192.642(24)
m(Σ−) = 1197.449(30)(43)

I take quark masses as:

m(u) = 2.3(1.2)
m(d) = 4.8(0.8)
m(s) = 95(5)
m(c) = 1275(25)
m(b) = 4180(30)
m(t) = 173210(1220)(44)

and boson masses as:

m(Z) = 91187.6(2.1)
m(W±) = 80379(12)
m(H) = 125180(160)
m(π0) = 134.9766(6)
m(π±) = 139.57018(35)
m(K0) = 497.648(22)
m(K±) = 493.677(13)
m(η) = 547.862(18)
m(η′) = 957.78(6)(45)

The only other parameter of the Standard Model that we have discussed is the
Cabibbo angle, often quoted as either 13.02◦ or 13.04◦.

For the average parameters of non-inertial motion I take first the two angles

η = 23.4368◦

µ = 5.145◦(46)

The tropical year can be taken as 365.2422 solar days, or 366.2422 sidereal days.
This differs very slightly from the sidereal year of 365.256363 solar days. Since this
difference is around .004%, it is swamped by the difference between a solar and
sidereal day, at .274%, so for our purposes can be ignored.



24 ROBERT A. WILSON

The month is more problematic, as the lunar or synodic month of 29.53059
solar days differs significantly from the sidereal month of 27.32166 solar days. The
possible values we might want to use are tabulated below:

Month Solar days Sidereal days
Synodic 29.53059 29.61144
Sidereal 27.322166 27.396972
Anomalistic 27.55455 27.62999
Tropical 27.32158 27.39638
Draconic 27.21222 27.28672

For the level of accuracy that we can expect at this stage, however, only the differ-
ence between the synodic and sidereal months is significant. Since we are measuring
the laboratory frame of reference against an inertial frame, the obvious choice is to
use the sidereal month and sidereal day.

The mass ratios discussed in Section 4.3 are the following, with their experimen-
tal values, with spurious accuracy suppressed:

m(n)/m(p) = 1.00137842
m(e)/m(p) = .00054462

m(W )/m(Z) = .88147
m(π+)/m(π0) = 1.03403
m(K+)/m(K0) = .9920(47)

The conjectured formula in the first case produces the ratio 1.0013689 for solar
days and 1.0013652 for sidereal days, and is thus accurate to .0013% in both cases.
The difference between proton and neutron masses is predicted to an accuracy of
around 1%.

In the second case, we obtain values of .00054484 for solar days and .000542998
for sidereal days. In this case, it is noticeable that the solar days produce a sig-
nificantly more accurate figure, at around .03%, compared to the sidereal days, at
around .3%. It is not clear whether there is a genuine physical reason for this,
or whether the discrepancies are due to systematic errors that we have not taken
account of.

In the third case, I conjectured the Weinberg angle to be θW = η+µ = 28.582◦,
so that cos θW = .87813. This differs from experiment by around .4%. The ratio of
conjecture to experiment is close to cosµ, and it is indeed plausible that a correction
factor of this kind might need to be applied. However, this is idle speculation in
the absence of an actual prediction from a detailed model.

In the case of the pions, the extreme values of the length of the month, that is
27.21222 and 29.61144 give ratios of 1.03675 and 1.03377, which lie either side of
the experimental value. The most plausible value is a sidereal month, measured
in sidereal days, that is 27.396972, which gives 1.03650. The discrepancy with
experiment is here around .25%. It is again noticeable that the lunar month gives
a closer match, and that the value of 29.53059 solar days gives a ratio of 1.03386,
accurate to .02%. The reason, if any, for this is unclear.

Finally, for the kaon mass ratio our conjecture gives cos2 µ = .991958 compared
to the experimental value .992020(44). Since the discrepancy here is around 1.5σ,
the conjecture is consistent with experiment. However, the value of µ varies on
a 347-day cycle, from around 4.99◦ to around 5.30◦. The corresponding extreme
values of cos2 µ are .992434 and .991468. These extreme values differ from the
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average value by nearly 10σ. This suggests that an experimental search for such an
oscillation in the measured kaon mass ratio could be a sensitive test for the ideas I
have presented.

We come now to the proposed universal equations discussed in Section 5. First
consider the τ mass prediction. This prediction is

m(τ) = 5× 939.5654133(58)− 3× 938.2720813(58)
−105.6583475(6)− .5109989461(31)

= 1776.84145(3)(48)

which is within .2σ of the current experimental value quoted above, which is known
to an accuracy of better than .01%

The second equation relates the strange baryon masses to the neutron mass.
The total mass of the four strange baryons comes to 4695.144(80), compared to 5
neutron masses at 4697.827. The difference of 2.683 amounts to .057%, or about
33σ. It is implausible that such a discrepancy can be due to experimental error, and
we must seek another explanation. I have speculated that there may be a reason to
neglect the charge, and subtract an electron mass from each neutron. This would
reduce the deficit to .128 or around 1.6σ. An alternative might be to involve quark
masses in the picture. This would allow us to neutralise the charge by comparing
an electron plus an up quark to a down quark. This suggests a correction by an
amount

m(d)−m(u)−m(e) = 4.8(8)− 2.8(1.2)− .5 = 1.5(1.4)(49)

which is in the right ball-park, but far too vaguely measured at this stage to be at
all convincing.

The proposal for the Higgs mass comes out at 125973(12), which is greater than
the experimental value by about 5σ.


